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Director’s
Message

With this recognition comes the great responsibility to not only 
publish top rated, world class, peer-reviewed research, but to also 
make an impact on society.

In order to advance our center’s role and responsibility in making a 
difference in scientific research and in promoting water sustainability 
and security in the Kingdom of Saudi Arabia, we decidedly framed 
our research activities in a manner that demonstrates research 
excellence and impact both within and outside the Kingdom.

I am delighted to share some carefully collated posters in this 
booklet, to highlight a few of the exciting and groundbreaking 
research topics currently being undertaken by WDRC students and 
researchers working within our three flagship themes.

Professor Johannes Vrouwenvelder
Center Director, WDRC

Since the foundation of KAUST, water has been one of the strategic research 
thrusts. The Water Desalination and Reuse Center (WDRC) is charged with 
providing answers and solutions to the regional and global water challenges. 
WDRC is being recognized internationally for its contribution to this 
important topic.

HANS VROUWENVELDER, PH.D.
DIRECTOR WDRC

“Let us work together 
on Transforming the 
Water Cycle”
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Our Purpose:
Transform the Water Cycle

less 
evaporation

less
water

energy
chemicals

reuse

nutrients
energy
minerals

About
WDRC

Our Vision
“To play a leading role in delivering a water secure 
future that will enable social and economic prosperity 
in the Kingdom and beyond.”

“To undertake fundamental and applied research that 
will deliver innovative solutions to the global challenges 
of water security, safety, sustainability and supply.”

Our Mission

Our Core Values
“WDRC’s purpose is to transform the human water cycle in order to achieve a reduction in the 
use of energy and chemicals, a reduction of leaks and evaporation and to minimize discharge 
to the environment while maximizing the harvesting of water, energy, nutrients and minerals.”Innovation

innovations for society

Partnership
inspiring network

Joy
pleasant atmosphere for professional and personal growth

Cooperation
open and safe environment

Reliability
keep our promises
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“WDRC have been working with the Ministry of Environment, Water and Agriculture (MEWA) to perform a 
national scale water account, providing an accurate estimate of agricultural water use and changing agricultural 
practices. These include providing the first ever count of the number of center-pivot systems throughout the 
country using machine learning .”

Research
Flagship Themes

“Dupont transferred their Center of Excelence 
for Desalination to WDRC in 2020. This 
pilot facility has been renamed Tahlia Almiah 
and will be primarily used for the Research 
Translation project that has received funding, 
solving desalination membrane (bio)fouling 
problems by applying advanced monitoring 
and innovative membrane spacer design.”

WDRC has structured the research activities in three flagship themes: 
Greener Desalination, Water Security and Waste to Resource.

This theme is aimed at providing safe and sufficient water to end users, managing both quality and quan-
tity, covering drinking water, waste water and water for agriculture. Some of the research highlights are:

 » A method for sensitive monitoring of microbial activity in drinking water networks, which has proven 
to identify areas that are sensitive to growth of bacteria and pathogens, which is in particular rele-
vant in water networks that have been in hibernation due to the SARS-CoV-2 situation (PI: Johannes 
Vrouwenvelder)

 » Monitoring for SARS-CoV-2 in the wastewater to establish the detection limits and potential of 
wastewater surveillance. The team is also developing a surveillance network that can potentially 
predict future outbreaks of other novel viruses and biological contaminants, with the goal of safe-
guarding public health (PI: Peiying Hong)

 » National scale water accounting with the Ministry of Environment, Water and Agriculture, providing 
an accurate estimate of agricultural water use and changing agricultural practices (PI: Matthew McCabe)

 » Increase of yields in agriculture using Superhydrophobic Sand. Limiting evaporation, up to 70% of 
crop yield increase has been demonstrated (PI: Himanshu Mishra)

Research in this theme is aimed primarily at reducing the energy and chemical consumption of desalina-
tion. Since seawater desalination is the primary source of drinking water as well as water for industry and 
the total desalination capacity is expected to double in the next 7 years, this subject has a strong impact 
for the Kingdom. Some of the research highlights are:

 » A highly efficient cleaning method for reverse osmosis membranes, with the opportunity of reclaim-
ing and reusing the active cleaning agent, resulting in improved membrane performance and a re-
duced discharge to the environment (PI: Johannes Vrouwenvelder)

 » An innovative process for thermal desalination: Direct Contact Spray Evaporation Condensation 
(DCSEC), which combines low investment cost with low energy consumption and allows using waste 
heat or solar generated heat (PI: Kim Choon Ng)

 » A new membrane desalination concept, applying solar-driven flashed-feed, showerhead and local-
ized heating modules, outperforming commercial modules (PI: Noreddine Ghaffour)

 » A cleaning concept using carbon dioxide (CO2) gas bubbles to remove impurities from capillary mem-
branes and unblock pores through backwashing, thus avoiding the use of harmful chemicals (PI: 
Noreddine Ghaffour)

 » An innovative perforated spacer for spiralwound reverse osmosis and nanofiltration elements, re-
ducing both the fouling and concentration polarization in the membrane element (PI: Noreddine 
Ghaffour)
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The research in this theme is aimed at generating value from water treatment residuals, both from waste-
water treatment and desalination brine. In the Kingdom, currently around 57% of the population is con-
nected to a wastewater treatment plant, and less than 50% of the treated water is reused. It is a national 
goal to reach 100% wastewater treatment and reuse before 2030. Therefore, this theme is of major 
importance to the Kingdom. Some of the research highlights in this theme are:

 » A novel biotechnology for decentralized wastewater treatment and reuse, using an anaerobic elec-
trochemical membrane bioreactor (AnEMBR), in which the bacteria generate electricity that can be 
stored as methane or hydrogen, resulting in an energy-neutral or -positive process for water reuse 
(PI: Pascal Saikaly)

 » A novel anaerobic process for ammonium removal from N-rich wastewater, resulting in complete 
removal of ammonia (unique performance), without nitrate formation and being energy-neutral (PI: 
Pascal Saikaly)

 » A novel anammox bacterium enriched from the Red Sea to treat saline wastewater, enabling the 
use of seawater toilet flushing, which represents 25% of household water consumption (PI: Pascal 
Saikaly)

 » Carbon capture and utilization using the concept of microbial electrosynthesis (MES), which inte-
grates water electrolysis technology with microbial conversion of CO2 to chemicals and fuels (PI: 
Pascal Saikaly)

 » Sustainable treatment of wastewater to address water scarcity, applying an anaerobic membrane bio-
reactor (AnMBR), resulting in an energy-neutral/positive process, retaining nitrogen and phosphorus 
in the effluent, which makes the treated effluent particularly appropriate for agricultural irrigation or 
for maintaining green living spaces in urban cities (PI: Peiying Hong)

 » Water Refinery development for recovering water, salt and metals, involving Eutectic Freeze Crystal-
lisation (EFC) to separate salts from water, for which the energy costs are up to 90% lower compared 
to evaporative crystallization (50% lower compared to triple stage evaporation), corrosion is much 
less severe and operation is safer since no steam or hot liquids are involved (PI: Geert-Jan Witkamp)

 » (Ultra-)trace element tracking and recovery, unlocking the potential for recovery of valuable trace 
elements (Li, Rb, Cs) from desalination brine (PI: Geert-Jan Witkamp)

Pascal Saikaly and his team received a grant of $1.15m for the project “Serving the unserved popu-
lation of Saudi Arabia with KAUST invented decentralized wastewater recycling system”, which aims 
to scale up and commercialize a decentralized wastewater treatment technology having a smaller 
footprint and less energy requirement.
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Research Interests: Numerical modeling, Biofilms, 
Membrane engineering, Bioreactor engineering, 
Multi-scale simulations, Water Treatment

CRISTIAN PICIOREANU
PROFESSOR

Research Interests: Crystallization, 
Thermodynamics, Supercritical carbon dioxide, 
Natural deep eutectic solvents, Green solvents

GEERT-JAN WITKAMP
PROFESSOR

Research Interests: Superhydrophobic insects and 
plants; Bio-inspired technologies for precision 
agriculture, coatings, and membranes; Interfacial 
chemistries; and Nanoconfined liquids

HIMANSHU MISHRA
ASSOCIATE PROFESSOR

Research Interests:    Wastewater multibarrier 
treatment technologies, Emerging microbial 
contaminants, Water quality, Water reuse, 
Anaerobic bioprocesses

PEIYING HONG
ASSOCIATE PROFESSOR

Principal 
Investigators

Research Interests: Environmental nanotechnology, 
Photothermal conversion, Solar steam generation, 
Desalination, Thermal processes, Zero-liquid-
discharge, Salt crystallization, Resource recovery

PENG WANG
PROFESSOR

Research Interests: Electromicrobiology, Microbial 
electrochemistry, Anaerobic ammonium oxidation 
(anammox) process, Aerobic granular sludge, Water 
reuse, Resource recovery

PASCAL SAIKALY
PROFESSOR

Research Interests: Remote sensing, Water security, 
Climate impacts, Precision agriculture, Unmanned 
aerial vehicles

MATTHEW MCCABE
PROFESSOR

Research Interests: Biofilms and (bio)fouling control; 
Biological stability in drinking water production and 
distribution

HANS VROUWENVELDER
PROFESSOR | DIRECTOR

Research Interests: Sustainable desalination, 
Membrane distillation, Forward osmosis, Hybrid 
systems, Membrane fouling and mitigation, 
Membrane cleaning, Renewable energy

NORREDINE GHAFFOUR
PROFESSOR

Research Interests: Thermal Desalination, 
Adsorption Desalination (AD), Energy Efficiency 
Analysis with Standard Primary Energy (SPE), Direct 
Spray Evaporation and Condensation (DCSEC), 
Atmospheric Water Harvester (AWH) 

KIM CHOON NG
PROFESSOR
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Biofilm treatment, cleaning and control strategies 
for membrane desalination applied for drinking 
water production

Motivation
The growth and accumulation of biomass generates an
unacceptable performance decline on systems such as
membrane desalination. My research aims to develop
greener and more efficient biofilm prevention/cleaning
methods in water treatment systems. Besides being
environmental friendly, greener cleaning strategies might
be the solution for biofilm control.

Challenge
Biofouling removal by chemical cleaning is the most used
method in the industry to restore water production. Over 30
years of biofouling research, a thoroughly efficient and
green method to remove, prevent or treat biomass
accumulation on water treatment systems has not yet been
developed.

PI: Johannes S. Vrouwenvelder
Team: Szilard S. Bucs, Andreia Farinha

Email: maria.navaocampo@kaust.edu.sa

Maria F. Nava-Ocampo

Research goals

1. To develop a polyelectrolyte coating that can be 
removed by the use of brine.

2. To develop greener solvents such as natural deep
eutectic solvents for biofilm treatment.

Base Acid

Chemical cleaning causes membrane integrity losses
and is not fully efficient

Granules without any treatment (A1), granules after being exposed to
B:U:W (B, B1), and granules after being exposed to LA:Glc:W (C, C1).
After treatment, each NADES has a strong impact on the granule shape,
size, and structure.

References:
• Son, M., et. at., (2018). Polyelectrolyte-based sacrificial protective 

layer for fouling control in RO desalination. Environmental Science 
and Technology Letters, 5(9), 584-590. 

• Nava-Ocampo, M. F., et. al., (2020). Sacrificial coating development 
for biofouling control in membrane systems. Desalination, 496, 
[114650].

• Nava-Ocampo, M. F., et. al., (2021). ). Natural deep eutectic solvents 
as biofilm structural breakers. Water Research. p. 117323

• Nava-Ocampo, M. F., et. al., (2021). Structural properties and 
stability of the Betaine-Urea natural deep eutectic solvent

Base Acid
se

Natural Deep Eutectic Solvents (NADES) are composed
of supramolecular interactions of two or more natural
compounds, such as organic acids, sugars, and amino
acids, and they are being used as a new media
alternative to conventional solvents.

Greener DesalinationGreener Desalination

Research
Posters
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Impact of feed water nutrient engineering on biofilms 
developed in membrane systems for a greener cleanability

Motivation
My research focuses on understanding how feed water
nutrient composition affects biofilm development and
cleanability enabling more environmentally-friendly
ways to control biofouling and extend the membrane
system performance.

Challenge
Different types of chemicals are added to the feed
water of membrane systems, hence, altering the
nutrient composition. It is unknown how the variation in
nutrient composition impacts biofilm growth, biofilm
structure and its cleanability from membranes.

Research goals
1. Understand how nutrient conditions affect biofilm
development and cleanability

PI: Johannes S. Vrouwenvelder
Team: Nadia Farhat, Laura Pulido Beltran

Email: luisa.javier@kaust.edu.sa

Luisa Javier

Cleaning strategies
-Chemical protocols
-Physical protocols

Biofilm formation

Energy demand

Membrane 
performance

-Antiscalants
-Dispersants
-pH adjusters
-Biocides

Feed water

References

Farhat et al (2019). Water Res. 150, 1-11.
Javier et al (2020). Water Res. 183, 116051.
Javier et al (2021). Water Res. X 10, 100085

2. Propose a chemical-free biofilm control and
cleanability strategy by altering the feed water nutrient
conditions
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Fig 1: Operational performance is affected by feed 
water composition, membrane and spacer, operational 
settings, and biofouling.

Smart process operation to modulate biofilm 
development and improve system performance in 
membrane filtration

Motivation
Biofilm growth can strongly impair the operational
performance of membrane filtration systems. My
research applies recent advances in imaging
techniques to unravel the effect of process conditions
on biofilm development. Optimization of process
conditions can play an important role in controlling
biofouling.

Challenge
Biofouling results from complex interactions between
operational settings, membrane and spacer, and feed
water composition. It is not known how these conditions
of process operation affect biofouling and operational
performance.

PI: Johannes S. Vrouwenvelder
Team: Bastiaan Blankert

Email: kees.huisman@kaust.edu.sa

Kees Theo Huisman

Fig 2: Structural and compositional characterization of 
biofouling. OCT: optical coherence tomography. DPT: 
differential pressure transmitter. PC: pressure controller

Fig 3: Establishing a predictive link between conditions 
of process operation and operational performance for 
biofouling in membrane filtration systems.

Research goals
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Early biofouling detection and enhanced cleaning 
protocols for biofouling control in membrane 
filtration processes

Motivation
Biofouling is the excessive accumulation and growth of
microorganisms forming a biofilm, deteriorating system
performance during filtration processes. Biofilm
formation cannot be avoided and several strategies
are being studied and applied to control biofouling:
pre-treatment of feed water, material and geometry
modification of the RO membranes or spacers and
ultimately membrane cleaning.

Early detection of biofouling could enable earlier
corrective measurements, anticipating better biofilm
removal. Early biofilm detection when coupled with
optimized cleaning methods is expected to lessen the
biofouling impact on membrane system performance
(Vrouwenvelder, J. et al., 2011).

My research focuses on these two aspects: early
detection of biofouling by water monitoring and
optimized cleaning methods for enhanced biofilm
removal.

Challenge
Finding suitable methods to detect early biofilm
formation is still evolving. The most common
techniques to detect biofouling in membrane systems
are through membrane autopsies or change in
performance indicators when biofilm is already formed.

Khan, K. et al. (2020)

Develop methods for early biofilm detection that do not
require specialized personnel that could be applied in
full-scale.

Cleaning methods for biofilm removal on membrane
systems need to be optimized and the use of novel
compounds or techniques could enhance their
efficiency.

Research goals

1. Develop strategies or methods that allow early
detection of biofouling by monitoring water and
understanding biofilm formation in membrane
systems.

Yin, W. et al. (2019)

2. Compare the efficiency of cleaning methods when
applied to different biofilm formation stages
analyzing differences in biofilm composition after
cleaning.

3. Optimize the duration of physical and chemical
cleaning methods assessing how cleaning
efficiency changes with time (after several
cleanings) and how it affects biofilm (Does it
become more resistant?).

References

Khan et al (2019). Enzyme and Microbial Technology
120, 43-51.
Farhat et al. (2015). Water Res. 83, 10-20.
Javier et al (2020). Water Res. 183, 116051.
Javier et al (2021). Water Res. X 10, 100085.
Vrouwenvelder et al. (2011). Biofouling of Spiral
Wound Membrane Systems.
Yin et al. (2019). Int. J. Mol. Sci. 20, 3423.

PI: Johannes S. Vrouwenvelder
Team: Nadia Farhat

Email: laura.pulidobeltran@kaust.edu.sa

Laura Milena Pulido Beltran

Operational performance parameters and biofilm 
characterization in a membrane filtration system fed with 
real seawater 

Motivation

Challenge

Approach

1. Setup with seawater feed

Membrane fouling simulators (MFS) are connected in
parallel to conduct nutrient dosing experiments and
monitor operational performance parameters. The feed
water is seawater pretreated in a ultrafiltration unit
(UF), unit belonging to a pilot water desalination plant.

2. Biofouling characterization

Biofouling parameters determination and its correlation
with operational parameters.

PI: Johannes S. Vrouwenvelder
Team: Bastiaan Blankert, Kees Theo Huissman

Email: natalia.francoclavijo@kaust.edu.sa

Natalia Franco Clavijo

How this 
aspects could 

affect 
biofouling rate 
and operational 

parameters 
when the 

filtration system 
is fed with real 

seawater?

UF
permeate

DPT

MFS units

UF unit 
(Pilot plant)

Nutrient 
dosing

DPT

DPT

DPT

Biofouling formation is the product of several factors during
the filtration process that involves aspects like:

Early biofouling detection and enhanced cleaning 
protocols for biofouling control in membrane 
filtration processes

Motivation
Biofouling is the excessive accumulation and growth of
microorganisms forming a biofilm, deteriorating system
performance during filtration processes. Biofilm
formation cannot be avoided and several strategies
are being studied and applied to control biofouling:
pre-treatment of feed water, material and geometry
modification of the RO membranes or spacers and
ultimately membrane cleaning.

Early detection of biofouling could enable earlier
corrective measurements, anticipating better biofilm
removal. Early biofilm detection when coupled with
optimized cleaning methods is expected to lessen the
biofouling impact on membrane system performance
(Vrouwenvelder, J. et al., 2011).

My research focuses on these two aspects: early
detection of biofouling by water monitoring and
optimized cleaning methods for enhanced biofilm
removal.

Challenge
Finding suitable methods to detect early biofilm
formation is still evolving. The most common
techniques to detect biofouling in membrane systems
are through membrane autopsies or change in
performance indicators when biofilm is already formed.

Khan, K. et al. (2020)

Develop methods for early biofilm detection that do not
require specialized personnel that could be applied in
full-scale.

Cleaning methods for biofilm removal on membrane
systems need to be optimized and the use of novel
compounds or techniques could enhance their
efficiency.

Research goals

1. Develop strategies or methods that allow early
detection of biofouling by monitoring water and
understanding biofilm formation in membrane
systems.

Yin, W. et al. (2019)

2. Compare the efficiency of cleaning methods when
applied to different biofilm formation stages
analyzing differences in biofilm composition after
cleaning.

3. Optimize the duration of physical and chemical
cleaning methods assessing how cleaning
efficiency changes with time (after several
cleanings) and how it affects biofilm (Does it
become more resistant?).

References

Khan et al (2019). Enzyme and Microbial Technology
120, 43-51.
Farhat et al. (2015). Water Res. 83, 10-20.
Javier et al (2020). Water Res. 183, 116051.
Javier et al (2021). Water Res. X 10, 100085.
Vrouwenvelder et al. (2011). Biofouling of Spiral
Wound Membrane Systems.
Yin et al. (2019). Int. J. Mol. Sci. 20, 3423.

PI: Johannes S. Vrouwenvelder
Team: Nadia Farhat

Email: laura.pulidobeltran@kaust.edu.sa

Laura Milena Pulido Beltran
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Fabrication of superhydrophilic membranes for 
highly efficient separation of oil-in-water emulsion 

Motivation
A massive amount of oil-polluted water is daily
generated from various industries and oil spill
catastrophes. Thus, developing an efficient, simple,
cost-effective, and environmentally friendly strategy to
purify oily wastewater has become of great importance
in both industry and academic communities.
Membrane-based filtration technology has been
recognized as an advanced technology for oily
wastewater treatment because of its simplicity and
high separation efficiency [1]. Electrospun nanofiber
membranes (ENMs) are characterized by high
porosity, high specific surface area, excellent flexibility,
and superb pore connectivity [2]. For this reason, they
have been widely used in the gravity-driven separation
of oil-water mixtures. They exhibited high performance
at low energy cost when used to treat the emulsion.

Challenge
The high hydrophobicity of ENMs remains the main
challenge for their application in the treatment of oily
wastewater. Although some techniques have
succeeded in enhancing surface wettability, their
disadvantages (e.g., difficulty, harsh operating
conditions, harmful environmental effects, time
consumption, or high costs) restrict the scalability and
industrial application of those techniques.

Fig. 1. Schematic demonstration of the fabrication and
modification of the ENMs.

Research goals
First, the PSf ENMs were fabricated using the
electrospinning technique; subsequently, the two-pot
MPN-coating technique was applied to prepare
superhydrophilic and underwater superoleophobic
ENMs (nanocoated-ENMs) with excellent anti-oil-
fouling properties and outstanding separation
performance (Fig. 1).
In the continuous separation process, the nanocoated-
ENMs showed extremely high water flux with value up
to 8213.1 L/m2.h, at a very low transmembrane
pressure of 5kPa, and FRR value up to 96.4%.

Fig. 2. Permeating flux of selected nanocoated-ENMs
during continuous filtration experiment where surfactant
stabilized hexane-in-water emulsion is used as a feed
solution and the rejection and FRR for the selected
membrane in the continuous test.

References
[1] Obaid, M., et al. "Facile fabrication of superhydrophilic and
underwater superoleophobic nanofiber membranes for highly efficient
separation of oil-in-water emulsion." Separation and Purification
Technology (2021): 118954.
[2] You, Xiaofei, et al. "Engineering highly effective nanofibrous
membranes to demulsify surfactant-stabilized oil-in-water emulsions."
Journal of Membrane Science 611 (2020): 118398.
.

PI: NorEddine Ghaffour
Team: members

Email: mohammed.awad@kaust.edu.sa

Mohammed Obaid Awad
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Flashed feed in air gap membrane distillation 
(AGMD) using spray nozzles

Motivation
Membrane distillation (MD) is a thermal membrane 
process with potential applications for water desalination. 
Direct contact membrane distillation (DCMD) is the 
simplest configuration, but it involves major heat losses 
attributed to temperature polarization (TP). These heat 
losses are reduced in air gap membrane distillation 
(AGMD) by introducing an air gap between the membrane 
and cooling surface.
This work focuses on the evaluation of a novel AGMD 
configuration for water desalination. 

Scientific challenge
While AGMD reduces heat loss, reported fluxes remain 
low. We propose novel AGMD configuration to enhance the 
evaporation on the feed side. The proposed design is 
based on spraying the feed in a chamber. The aim is to 
achieve a fundamental understanding of the transport 
mechanisms involved in this mode of operation.

Research goals
1. Development of novel 

AGMD process and 
investigating operation 
parameters

2. Evaluation of the novel 
process efficiency 
compared to 
conventional AGMD 
configuration. 

To achieve these goals, we 
use the experimental 
apparatus shown to the right. 
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Experimental study

To understand the fundamental 
processes taking place in the membrane cell, 
multiple process parameters are varied. The 
experimental plan includes studying the effect of: 
- Droplet size
- Feed salinity 
- Feed temperature
- Nozzle distance from the membrane
- Scaling on the membrane and cell 
- Cell and nozzle orientation (illustrated below)

Process evaluation

The flashed feed process is compared against 
conventional AGMD operation using the following 
parameters:
- Flux 
- Recovery ratio
- Gain output ratio (GOR)Conventional AGMD Sprayed Feed AGMD

DCMD Temperature Polarization

Fabrication of superhydrophilic membranes for 
highly efficient separation of oil-in-water emulsion 

Motivation
A massive amount of oil-polluted water is daily
generated from various industries and oil spill
catastrophes. Thus, developing an efficient, simple,
cost-effective, and environmentally friendly strategy to
purify oily wastewater has become of great importance
in both industry and academic communities.
Membrane-based filtration technology has been
recognized as an advanced technology for oily
wastewater treatment because of its simplicity and
high separation efficiency [1]. Electrospun nanofiber
membranes (ENMs) are characterized by high
porosity, high specific surface area, excellent flexibility,
and superb pore connectivity [2]. For this reason, they
have been widely used in the gravity-driven separation
of oil-water mixtures. They exhibited high performance
at low energy cost when used to treat the emulsion.

Challenge
The high hydrophobicity of ENMs remains the main
challenge for their application in the treatment of oily
wastewater. Although some techniques have
succeeded in enhancing surface wettability, their
disadvantages (e.g., difficulty, harsh operating
conditions, harmful environmental effects, time
consumption, or high costs) restrict the scalability and
industrial application of those techniques.

Fig. 1. Schematic demonstration of the fabrication and
modification of the ENMs.

Research goals
First, the PSf ENMs were fabricated using the
electrospinning technique; subsequently, the two-pot
MPN-coating technique was applied to prepare
superhydrophilic and underwater superoleophobic
ENMs (nanocoated-ENMs) with excellent anti-oil-
fouling properties and outstanding separation
performance (Fig. 1).
In the continuous separation process, the nanocoated-
ENMs showed extremely high water flux with value up
to 8213.1 L/m2.h, at a very low transmembrane
pressure of 5kPa, and FRR value up to 96.4%.

Fig. 2. Permeating flux of selected nanocoated-ENMs
during continuous filtration experiment where surfactant
stabilized hexane-in-water emulsion is used as a feed
solution and the rejection and FRR for the selected
membrane in the continuous test.

References
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A massive amount of oil-polluted water is daily
generated from various industries and oil spill
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and superb pore connectivity [2]. For this reason, they
have been widely used in the gravity-driven separation
of oil-water mixtures. They exhibited high performance
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ENMs showed extremely high water flux with value up
to 8213.1 L/m2.h, at a very low transmembrane
pressure of 5kPa, and FRR value up to 96.4%.
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Salt solution infused thin-film condenser for 
simultaneous anti-frost and solar-assisted 
atmospheric water harvesting 

Motivation
Frost is undesired in many applications due to its low
thermal conductivity and blockage of air ducts, pipes
etc., which penalizes heat transfer and increases
pressure drop. Previous methods of defrosting are
either energy intensive or ineffective in long-term.
Meanwhile, frost is a valuable freshwater source
whose production is delayed due to the solid state and
lengthy accumulation of frost.

(Technological or Scientific) Challenge
Simultaneous anti-frost and atmospheric water
harvesting is still a challenge. In order to enable
simultaneous anti-frost and atmospheric water
harvesting, the condensed water from atmospheric
vapor needs to be kept in liquid form and transported
away from the low temperature surface at low energy
cost. a salt solution infused thin-film condenser
(SSTFC, Figure 1) is proposed for anti-frost at low
energy consumption and simultaneous freshwater
production. The thin-film condenser is composed of a
porous hydrophobic layer and a porous hydrophilic
layer on the substrate. Ideally, when the hydrophilic
layer is infused with proper salt solutions such as
NaCl, CaCl2 or LiCl, the thin film condenser will not
freeze and condensed water would be incorporated
into the salt solution at ultra-low temperatures. the
diluted salt solution will be transported to free surfaces
passively and can be regenerated by low-grade energy
such as waste heat from the refrigeration system or
solar energy. The regenerated salt solution can be
pumped back into the hydrophilic layer for continuous
running of the thin film condenser.

Figure 1. Schematic of the proposed SSTFC

Research goals
1. Fabrication of the SSTFC
Different fabrication techniques were used to prepare
the hydrophilic porous layer (laser etched micro-
channels) and the hydrophobic upper layer
(electrospun porous structure) including laser cutting
and electrospinning as shown in Figure 2.

Figure 2. SEM image of the as-prepared SSTFC

2. Anti-frost testing
The as-prepared SSTFC is tested for its anti-frost
performance at a range of temperatures.

3. Fresh water production demonstration
Solar powered fresh water production system is
modeled (Figure 3).

Figure 3. Schematic of solar powered fresh water 
production system.
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Multi-effect distillation (MED) brine treatment by 
membrane distillation: Evaluating the membrane 
performance and scaling behavior

Motivation
One of the main advantages of the membrane
distillation (MD) process is its ability to treat highly
saline feed waters such as thermal desalination brines
at moderate temperatures. It is expected that rejected
brines from thermal processes such as multi stage
flash (MSF) desalination or multi-effect desalination
(MED), which already contain antiscalant and
antifoaming chemicals, could be an ideal feed source
for the MD process.

Challenge
A key technical challenge that can impede the
widespread application of MD for brine desalination is
membrane scaling. Scaling in MD causes a reduction
in membrane flux and shortens membrane lifespan. In
a typical MD brine desalination, scaling generally
occurs by formation and deposition of inorganic
crystals (most commonly insoluble calcium carbonate
(CaCO3) and calcium sulfate (CaSO4)) on the
membrane surface. The deposited crystals further
cause a reduction in the active membrane area and
increase of the heat resistance between the feed
solution and membrane surface, thereby resulting in
the reduction of the overall water vapor transfer across
the membrane. Furthermore, the hydrophobicity of the
membrane surface covered with crystals would be
reduced eventually leading to membrane wetting and
brine passage to the distillate side which impairs
permeate quality.

Research goals
Antiscalant and antifoaming agents are commonly
utilized in conventional thermal desalination to prevent
scale formation, and their effects on MD operation are
not yet well understood.
In this study, the influence of chemicals present in MED
brine as well as feed temperature on the scaling
process is addressed in terms of vapor flux and salt
crystals formation. The scale formation was monitored
with the non-invasive optical coherence tomography
(OCT) imaging, and results were validated by scanning
electron microscopy (SEM).
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Fig. 1. Water vapor flux decline for MED brine. The in-situ monitoring
was employed to assess the formation of the crystals in real-time by
acquiring OCT cross-sectional scans under continuous operation [1].

Fig. 2. Characterization of membrane scaling occurred in MD fed by MED brine [1].
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Salt solution infused thin-film condenser for 
simultaneous anti-frost and solar-assisted 
atmospheric water harvesting 

Motivation
Frost is undesired in many applications due to its low
thermal conductivity and blockage of air ducts, pipes
etc., which penalizes heat transfer and increases
pressure drop. Previous methods of defrosting are
either energy intensive or ineffective in long-term.
Meanwhile, frost is a valuable freshwater source
whose production is delayed due to the solid state and
lengthy accumulation of frost.

(Technological or Scientific) Challenge
Simultaneous anti-frost and atmospheric water
harvesting is still a challenge. In order to enable
simultaneous anti-frost and atmospheric water
harvesting, the condensed water from atmospheric
vapor needs to be kept in liquid form and transported
away from the low temperature surface at low energy
cost. a salt solution infused thin-film condenser
(SSTFC, Figure 1) is proposed for anti-frost at low
energy consumption and simultaneous freshwater
production. The thin-film condenser is composed of a
porous hydrophobic layer and a porous hydrophilic
layer on the substrate. Ideally, when the hydrophilic
layer is infused with proper salt solutions such as
NaCl, CaCl2 or LiCl, the thin film condenser will not
freeze and condensed water would be incorporated
into the salt solution at ultra-low temperatures. the
diluted salt solution will be transported to free surfaces
passively and can be regenerated by low-grade energy
such as waste heat from the refrigeration system or
solar energy. The regenerated salt solution can be
pumped back into the hydrophilic layer for continuous
running of the thin film condenser.

Figure 1. Schematic of the proposed SSTFC

Research goals
1. Fabrication of the SSTFC
Different fabrication techniques were used to prepare
the hydrophilic porous layer (laser etched micro-
channels) and the hydrophobic upper layer
(electrospun porous structure) including laser cutting
and electrospinning as shown in Figure 2.

Figure 2. SEM image of the as-prepared SSTFC

2. Anti-frost testing
The as-prepared SSTFC is tested for its anti-frost
performance at a range of temperatures.

3. Fresh water production demonstration
Solar powered fresh water production system is
modeled (Figure 3).

Figure 3. Schematic of solar powered fresh water 
production system.

PI: Noreddine Ghaffour
Team: Sofian Soukane 

Email: yong.jin@kaust.edu.sa

Yong Jin

Salt solution infused thin-film condenser for 
simultaneous anti-frost and solar-assisted 
atmospheric water harvesting 

Motivation
Frost is undesired in many applications due to its low
thermal conductivity and blockage of air ducts, pipes
etc., which penalizes heat transfer and increases
pressure drop. Previous methods of defrosting are
either energy intensive or ineffective in long-term.
Meanwhile, frost is a valuable freshwater source
whose production is delayed due to the solid state and
lengthy accumulation of frost.

(Technological or Scientific) Challenge
Simultaneous anti-frost and atmospheric water
harvesting is still a challenge. In order to enable
simultaneous anti-frost and atmospheric water
harvesting, the condensed water from atmospheric
vapor needs to be kept in liquid form and transported
away from the low temperature surface at low energy
cost. a salt solution infused thin-film condenser
(SSTFC, Figure 1) is proposed for anti-frost at low
energy consumption and simultaneous freshwater
production. The thin-film condenser is composed of a
porous hydrophobic layer and a porous hydrophilic
layer on the substrate. Ideally, when the hydrophilic
layer is infused with proper salt solutions such as
NaCl, CaCl2 or LiCl, the thin film condenser will not
freeze and condensed water would be incorporated
into the salt solution at ultra-low temperatures. the
diluted salt solution will be transported to free surfaces
passively and can be regenerated by low-grade energy
such as waste heat from the refrigeration system or
solar energy. The regenerated salt solution can be
pumped back into the hydrophilic layer for continuous
running of the thin film condenser.

Figure 1. Schematic of the proposed SSTFC

Research goals
1. Fabrication of the SSTFC
Different fabrication techniques were used to prepare
the hydrophilic porous layer (laser etched micro-
channels) and the hydrophobic upper layer
(electrospun porous structure) including laser cutting
and electrospinning as shown in Figure 2.

Figure 2. SEM image of the as-prepared SSTFC

2. Anti-frost testing
The as-prepared SSTFC is tested for its anti-frost
performance at a range of temperatures.

3. Fresh water production demonstration
Solar powered fresh water production system is
modeled (Figure 3).

Figure 3. Schematic of solar powered fresh water 
production system.

PI: Noreddine Ghaffour
Team: Sofian Soukane 

Email: yong.jin@kaust.edu.sa

Yong Jin

22 23



Investigation of flux stability and fouling mechanism 
during produced water treatment using forward osmosis 
and membrane distillation (FO-MD) hybrid system

Motivation
Produced water is generated during oil drilling activities 
and its quantity and characteristics keep on changing with 
the age of the reservoir. FO-MD hybrid systems are 
emerging as a potential solution for produced water 
treatment. My research focusses on the investigation of 
flux stability and fouling mechanism during simultaneous 
treatment of different produced water streams using FO-
MD hybrid system. 

Challenge
Produced water composition is very complex and it can 
foul the FO and MD membranes in different ways. The 
dominant fouling mechanisms in FO and MD need to be 
known in order to develop pretreatment strategies and 
optimize the whole system.  

Research goals
v Investigation of flux stability in FO-MD hybrid system.
v Identifying the dominant fouling mechanism in FO and 

MD.   
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Reference: (Nawaz et al., 2021): Investigation of flux stability and 
fouling mechanism during simultaneous treatment of different 
produced water streams using forward osmosis and membrane 
distillation. Water Research (2021) 117157. Figure 2: Experimental setup for FO-MD hybrid system   

Figure 3: (a) Flux through FO-MD hybrid system and 
(b) SEM-EDX imaging of fouled FO membrane 
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Conclusions
v FO-MD hybrid generated stable and practical fluxes 

around 11 LMH with different produced water streams 
as FO feed and draw solutions. 

v Treated water quality is excellent for reuse in industrial 
and agricultural applications.

v Scaling layer by CaSiO3 and ICP by monovalent salts 
was the dominant fouling mechanism for FO 
membrane. 

v Partial pore blocking by CaSO4 crystals and emulsified 
oil was dominant fouling mechanism for MD membrane. 

Figure 1: Different produced water streams originating 
at oil extraction and refinery sites   

Increasing energy efficiency in membrane distillation 
through localized heating

Motivation

Membrane distillation (MD) has gained attention
during the past decade due to its operation under
moderate temperature and pressure, ability to treat
high feed concentration at high salt rejection [1].
Water evaporation at the membrane interface leads to
a phenomenon called temperature polarization (TP),
which affects substantially water flux. In this research,
we developed novel approaches to decrease the TP by
heating the feed water close to the membrane
interface instead of conventional bulk heating.

Challenge

The evaporation process in MD draws latent heat from
the feed water, creating a temperature gradient which
decreases the partial pressure of water. Localized
heating directly heats the water at evaporation cite
(membrane-water interface) and hence maximizes the
energy utilization.

Research goals

Localized heating approaches are developed to
decrease TP by heating the water close to
membrane-water interface. The research comprises
three major objectives:
Joule heating: heating the feed water at the
membrane-water interface by employing nichrome
coil close to membrane which also serves as spacer
[2].
Photothermal heating: heating the membrane-water
interface by photothermal materials coated on the
membrane surface [3].
Nano-fluids: augmenting the membrane-feed water
heat transfer by employing nanofluids in the feed
water with a photothermal energy source.
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Investigation of flux stability and fouling mechanism 
during produced water treatment using forward osmosis 
and membrane distillation (FO-MD) hybrid system

Motivation
Produced water is generated during oil drilling activities 
and its quantity and characteristics keep on changing with 
the age of the reservoir. FO-MD hybrid systems are 
emerging as a potential solution for produced water 
treatment. My research focusses on the investigation of 
flux stability and fouling mechanism during simultaneous 
treatment of different produced water streams using FO-
MD hybrid system. 

Challenge
Produced water composition is very complex and it can 
foul the FO and MD membranes in different ways. The 
dominant fouling mechanisms in FO and MD need to be 
known in order to develop pretreatment strategies and 
optimize the whole system.  

Research goals
v Investigation of flux stability in FO-MD hybrid system.
v Identifying the dominant fouling mechanism in FO and 

MD.   

PI: Noreddine Ghaffour
Team: Hyuk Soo Son, Sofiane Soukane

Email: muhammad.nawaz.1@kaust.edu.sa

Muhammad Saqib Nawaz

Reference: (Nawaz et al., 2021): Investigation of flux stability and 
fouling mechanism during simultaneous treatment of different 
produced water streams using forward osmosis and membrane 
distillation. Water Research (2021) 117157. Figure 2: Experimental setup for FO-MD hybrid system   

Figure 3: (a) Flux through FO-MD hybrid system and 
(b) SEM-EDX imaging of fouled FO membrane 
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Conclusions
v FO-MD hybrid generated stable and practical fluxes 

around 11 LMH with different produced water streams 
as FO feed and draw solutions. 

v Treated water quality is excellent for reuse in industrial 
and agricultural applications.

v Scaling layer by CaSiO3 and ICP by monovalent salts 
was the dominant fouling mechanism for FO 
membrane. 

v Partial pore blocking by CaSO4 crystals and emulsified 
oil was dominant fouling mechanism for MD membrane. 

Figure 1: Different produced water streams originating 
at oil extraction and refinery sites   
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Experimental Investigation of a Thermally-
Driven Seawater Desalination System Using 
Direct Spray Method

n

Motivation
Ø All desalination processes have unit cost of 

desalinated water to be expensive, both in CAPEX 
and OPEX, as shown by GWI (2018).

Ø The advantages of a multi-stage design are:
1. The recovery of latent condensation heat of 

condenser to preheat the incoming 
seawater feed as well as incorporation of μ-
bubble injection.

2. Increasing water production by exploiting 
more of the excess enthalpy of feed and 
supply steam.

3. High tolerance to high brine concentration 
in stages due to the favorable temperature 
gradients and less chemicals are used for 
pre-treatment.

Research goals
A direct-contact, spray-assisted evaporator and 
condenser (DCSEC) is studied using low-temperature 
seawater feed to cause liquid flashing phenomena from 
the surfaces and the embeded micro-bubbles (vapor) of 
liquid droplets.
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GWI 2018 MSF MED SWRO DCSE

Capital cost $ 0.42/ m3 $ 0.35/ m3 $ 0.29/ m3 < $ 0.19/ m3

Operation 
cost

$ 1.05/ m3 $ 0.82/ m3 $ 1.58/ m3 $ 0.32/ m3

Optimization and scale-up of sustainable hybrid desalination 
with an integrated forward osmosis - membrane distillation 
module: a thermal and osmotic isolation design

Motivation
In reaction to stringent regulatory requirements for
securing environmental sustainability, recent research
has focused on the development of methods to treat
highly saline waters. Hybrid technologies take advantage
of two or more different processes by integrating them
into one single system. The synergetic benefits of hybrid
technologies reveal themselves in different ways, such as
a higher energy efficiency or an improved water quality.
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Challenge

- Enhancing energy efficiency
- Improving operational sustainability
- Minimizing waste disposal

Sustainable hybrid desalination
Integrated forward osmosis - membrane distillation
(FO-MD) module with isolation barrier
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Module design
Process 

development

Scale-up Optimization

Research goals
1. Minimizing temperature and concentration polarization 

of both membrane processes; FO & MD

2. Improving energy efficiency and effectiveness

3. Optimizing process scale-up
- production rates (L/h) and fluxes (LMH)
- reverse salt flux of FO / membrane wetting of MD
- total production inversion phenomena of MD

CPC: Concentration polarization 
coefficient

TPC: Temperature polarization 
coefficient

Thermal & osmotic isolation
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pre-treatment.

Research goals
A direct-contact, spray-assisted evaporator and 
condenser (DCSEC) is studied using low-temperature 
seawater feed to cause liquid flashing phenomena from 
the surfaces and the embeded micro-bubbles (vapor) of 
liquid droplets.
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Natural deep eutectic solvents: structure, 
properties, applications, and involvement 
in biology

Motivation

Natural deep eutectic solvents (NADES) represent a 
new class of green solvents with unique 
physicochemical properties. NADES is formulated by 
mixing two or more primary metabolites, generating a 
liquid with a melting point substantially lower than its 
constituents. NADES are non-toxic, non-flammable, 
non-volatile, and biodegradable, making them suitable 
green alternatives for conventional organic solvents. 
The compositional and functional versatility of NADES 
links them to diverse roles in biological systems and a 
wide range of applications, including water treatment. 

(Technological or Scientific) Challenge

Although conventional organic solvents can dissolve 
water-insoluble materials, their toxicity, volatility, and 
flammability limit their applicability. NADES represent 
green alternatives that can solubilize and extract 
various compounds, provided by their wide polarity 
range. The unique supramolecular network and 
properties of NADES can also enhance the stability of 
otherwise unstable macromolecules. It is hypothesized 
that NADES are the missing link in cellular 
metabolism, providing storage and transport media for 
large non-water-soluble compounds and metabolites. 
Nevertheless, this hypothesis needs further 
exploration. Recently, we have shown that NADES can 
break biofilm structure, providing green solutions for 
membrane biofouling in reverse osmosis.

In order to utilize NADES to their full potential, a proper 
understanding of their structure and physicochemical 
properties is needed. Moreover, linking NADES 
composition to properties and applications will facilitate 
the synthesis of application-specific NADES, which is 
essential for research and industrial purposes. 
However, predicting compound combinations resulting 
in NADES and the properties of the resulting solvents 
is not yet possible.

Research goals

1. Study NADES structure, physicochemical 
properties, supramolecular organization, and 
thermodynamics.

2. Develop tools to predict compound combinations 
resulting in NADES and link NADES composition 
to properties and applications.

3. Investigate the involvement of NADES in biological 
systems and the stability of biomolecules.

4. Explore potential applications of NADES.
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Closed loop in a zero liquid discharge (ZLD) design for 
recovering and reusing phosphorus-based antiscalants*

Motivation

Water desalination is meant to be the most feasible
technology for drinking water supply and increasing
installed capacities have been forecasted in the coming
years. Hence, larger brine disposals, containing
phosphonate-based antiscalants, are also expected. The
inefficient use and disposal of these powerful antiscalants
generates unnecessary waste and create important
environmental problems (Fig. 1B).

Technological Challenge

This project aims for the potential of phosphonates to be
recovered and reused. The final design of a closed loop
would include the treatment of reverse osmosis (RO)
concentrate by adsorption and electrocoagulation as the
main approaches for phosphonate removal.

Research goals

In this research procedures for phosphonate adsorption
and desorption onto/from iron and aluminum-based
adsorbents will be developed. Adsorption is a well-
known technology and has the potential of regenerating
the adsorbent. Electrocoagulation (Figure 3) using iron
electrodes will remove the phosphorus from
concentrates by producing the adsorbent material (iron
oxides) in situ, as needed. Electrocoagulation has
multiple advantages: (i) Low sludge production, (ii)
short contact times, and (iii) the potential to be
connected to and renewable energy source. Both
procedures showed their capabilities for removing
phosphonates from concentrates (Figure 4), so the
procedure to recover them back will be developed.

PI: Geert-Jan Witkamp
Team: Andreia Farinha, Szilard Bucs
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Victor Manuel Torres Serrano

Figure 1: (A) Scale formation (scaling) [1]. (B) Algae bloom in
surface waters, example of eutrophication [2].

A B

Figure 2: Antiscalant recovery and reuse Closed loop design
concept implemented in a membrane filtration system.

Figure 3: Electro-coagulation scheme concept. Dissolution of the 
sacrificial anode to produce metal hydroxides, which adsorb the 
dissolved pollutant (phosphonate-based antiscalants)  
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Figure 4: (A) Adsorption of phosphonates is more efficient at
higher temperatures, removing up to 90% of the phosphorus in
solution. (B) Electro-coagulation needs much shorter contact
times to remove 80-99% of the phosphorus.

[1] https://idadesal.org/wp-content/uploads/2018/11/140824-Chesters-IDA-White-Paper-RO-Membrane-Cleaning.pdf
[2] https://energyeducation.ca/encyclopedia/Eutrophication
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properties, applications, and involvement 
in biology
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non-volatile, and biodegradable, making them suitable 
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The compositional and functional versatility of NADES 
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wide range of applications, including water treatment. 
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Although conventional organic solvents can dissolve 
water-insoluble materials, their toxicity, volatility, and 
flammability limit their applicability. NADES represent 
green alternatives that can solubilize and extract 
various compounds, provided by their wide polarity 
range. The unique supramolecular network and 
properties of NADES can also enhance the stability of 
otherwise unstable macromolecules. It is hypothesized 
that NADES are the missing link in cellular 
metabolism, providing storage and transport media for 
large non-water-soluble compounds and metabolites. 
Nevertheless, this hypothesis needs further 
exploration. Recently, we have shown that NADES can 
break biofilm structure, providing green solutions for 
membrane biofouling in reverse osmosis.

In order to utilize NADES to their full potential, a proper 
understanding of their structure and physicochemical 
properties is needed. Moreover, linking NADES 
composition to properties and applications will facilitate 
the synthesis of application-specific NADES, which is 
essential for research and industrial purposes. 
However, predicting compound combinations resulting 
in NADES and the properties of the resulting solvents 
is not yet possible.

Research goals

1. Study NADES structure, physicochemical 
properties, supramolecular organization, and 
thermodynamics.

2. Develop tools to predict compound combinations 
resulting in NADES and link NADES composition 
to properties and applications.

3. Investigate the involvement of NADES in biological 
systems and the stability of biomolecules.
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Nevertheless, this hypothesis needs further 
exploration. Recently, we have shown that NADES can 
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membrane biofouling in reverse osmosis.
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properties is needed. Moreover, linking NADES 
composition to properties and applications will facilitate 
the synthesis of application-specific NADES, which is 
essential for research and industrial purposes. 
However, predicting compound combinations resulting 
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is not yet possible.

Research goals
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Designing a next generation solar crystallizer for real 
seawater brine treatment with zero liquid discharge

Motivation
Proper disposal of industrial brine has been a critical
environmental challenge. Zero liquid discharge (ZLD)
brine treatment holds great promise to the brine
disposal, but its application is limited by the intensive
energy consumption of its crystallization process. Here
solar energy is the perfect energy source for
eliminating highly concentrated waste brine with
minimized carbon dioxide emission.

Challenge
Photothermal material assisted solar driven water 
evaporation can be employed to achieve ZLD of highly 
concentrated brine. However, this process is limited by 
two barriers. Firstly, its water evaporation rate is 
limited by its 2D structure and accumulated salt. 
Secondly, when treating real brine, the magnesium 
species will form scaling (Fig.1) and then block the 
water transport path inside photothermal materials. 

Fig. 1: The morphology of the crystals from 
concentrated RO brine and the corresponding ion 
distribution. a SEM image of the crystals after 
completely drying concentrated RO waste brine 
directly on wafer and the corresponding EDS maps of 
b metal elements, c magnesium, d chloride, e sulfur, 
and f oxygen.

Research goals
1. Designing solar crystallizer with 3D structure (Fig. 2),
in which the light absorption surface and salt
crystallization surface are physically separated. More
over, it can also utilize environmental energy to further
improve its water evaporation performance.

Fig. 2: Schematic illustration of solar crystallization
device. a A scheme of the solar crystallizer; b
schematic of cross section view of the solar crystallizer.

2. Introducing salt crystallization inhibitor into highly
concentrated brine in order to make salt crust layer
highly porous (Fig. 3), which can avoid scaling
formation and keep the water transport path inside the
photothermal materials.

Fig. 3: The SEM images of the salt crystals in the
presence of NTA.

Ref: Zhang, C., Wang P. et al. Nat Commun 12, 998
(2021).
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Co-generation of electricity and freshwater by PV

Motivation
Water and energy are inextricably linked and the inti-
mate water-energy nexus is being increasingly felt
globally, as water security is becoming a threat to
energy security and vice versa. The utilization of solar
energy is regarded as a good solution, and
photovoltaics (PV) has shown its great promise.
However, PV can only convert 33.3% of solar energy
into electricity, while the others are predominantly
converted into waste heat. Further utilizing these
waste heat is highly desired.

(Technological or Scientific) Challenge
The temperature of PV is generally below 100oC,
which is regarded as low-grade heat and its utilization
is very challenging. Moreover, increasing the PV
temperature can result in a compromised electricity
generation efficiency.

Research goals
Utilizing the waste heat of solar energy for seawater 
desalination.

PI: Peng Wang
Team: Yifeng Shi, Yunpeng Zhou, Sara Aleid
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Achieving the simultaneous production of electricity and
freshwater without liquid discharge, and at the
meanwhile, reduce the solar cell temperature,
increasing its electricity generation efficiency.

Reference:
1. Nature communications, 2019, 10(1): 1-9.
2. Joule, 2021. 
https://doi.org/10.1016/j.joule.2021.05.010
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Electrification at Water-Hydrophobe Interfaces

Motivation
Water becomes electrified when it comes in contact with 
hydrophobic media. However, the causes and 
mechanisms o f electrification is still intensely debated. 
Possible explanations: 
• specific adsorption of hydroxide and hydronium ions, 
• dipolar organization of interfacial water, 
• partial charge transfer between the O and H atoms of 

interfacial water or between interfacial water and oil 
molecules,  

• the adsorption of bicarbonate ions, 
• contamination, 
• reactive chemical groups,
• electrons trapped on the surface of insulators.

Questions addressed:
1. Why do water-hydrophobe interfaces become 

electrically charged?
2. How do the properties of aqueous solutions, solid 

surfaces and environment impact the 
electrification of water  water-hydrophobe
interfaces?

3. Could other liquids besides water become 
electrified when brought into contact with 
hydrophobic surfaces? What is the role of 
hydrophobicity in the context of electrification at 
water-hydrophobe interfaces?

Strategy:

Research goals
The goal of our work is to identify the underlying 
mechanism of contact electrification of water and 
hydrophobes. The answer to this fundamental question 
will improve the rational design of technologies 
involving pipetting, electrowetting, triboelectric power 
generators and others.
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Implement 
complementary 

experimental 
techniques

Vary materials of 
solid 

hydrophobes

Vary properties of 
aqueous 
solutions

• Pendant droplets under uniform 
electric fields

• Direct measurement of electrical 
charges on droplets with electrometer

•Polypropylene pipettes
•Glass capillaries (superhydrophilic and 
coated with perfluorocarbons)

• Ionic strength
• pH
• Dielectric constant
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Experiment #1. Effects of uniform electric fields on 
aqueous droplets suspended from 
hydrophobic/hydrophilic capillaries.

Figure 1. Photographs of pendant water drops dispensed from water-filled and air-filled 
hydrophobic polypropylene capillaries under uniform electric fields. 

Experiment #2. Direct measurement of electrical charges 
on droplets.

Figure 3. Charging of the reservoir and the withdrawn aliquot using different capillaries. 

Conclusion: Common hydrophobic surfaces are 
intrinsically negatively-charged, likely due to surface-bound 
‘e’. When placed in water, they attract cations leading to 
electrification.

Bio-inspired Surface Engineering 

Motivation
Surfaces that exhibit apparent contact angles, θr > 90° for
polar and nonpolar liquids, such as water and hexadecane,
are referred to as omniphobic. These surfaces serve
numerous practical applications, including water desalination,
oil-water separation, antibiofouling, mitigating cavitation
erosion, and reducing hydrodynamic drag. Typically,
omniphobicity necessitates perfluorinated chemicals and
random topographies. However, cost, non-biodegradability of
those coatings pose a myriad of constraints.

Our Approach
Here, we sought inspiration from the cuticles of springtails
(Collembola) and sea skaters (Halobates germanus) to
create gas-entrapping surfaces and membranes.

Application #1: Mitigating Cavitation Erosion  
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Fig 1. Images of Springtails (A-C) and Sea skaters (D-F)(1-2)

Fig 2. Bio-inspired gas-entrapping surfaces(3)

Fig 3. Bio-inspired gas-entrapping surfaces prevent
damage from cavitation jets(1). (Image credit : Xavier Pita)

Application #2 :  Perfluorocarbon-free Membranes for 
Membrane Distillation

Fig 4. Schematic representation of the manufacturing of
membrane and vapor transport inside the gas-entrapping
membranes (GEMs)(4-5). (Image credit: Ivan Gromicho)
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Experiment #1. Effects of uniform electric fields on 
aqueous droplets suspended from 
hydrophobic/hydrophilic capillaries.

Figure 1. Photographs of pendant water drops dispensed from water-filled and air-filled 
hydrophobic polypropylene capillaries under uniform electric fields. 

Experiment #2. Direct measurement of electrical charges 
on droplets.

Figure 3. Charging of the reservoir and the withdrawn aliquot using different capillaries. 

Conclusion: Common hydrophobic surfaces are 
intrinsically negatively-charged, likely due to surface-bound 
‘e’. When placed in water, they attract cations leading to 
electrification.
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Motivation
Monitoring irrigated fields is a vital step to ensure
informed decision making in regards to protecting
valuable natural resources i.e groundwater and soil. My
research entails the use of advanced cloud computing
and remote sensing technologies to provide cost
effective solutions for monitoring agricultural fields, and
then scale them up to larger regions.

Using Cloud-based Platforms for the Automatic Mapping 
of Center Pivot Irrigation Fields on a Large Scale

Research goals
- Produce on-demand high accuracy maps of active

irrigated center pivot fields in the Kingdom to
facilitate processes such as crop identification and
water use monitoring.

- Scale up to Saudi Arabia, then to MENA region.
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Challenge
Remotely sensed imagery produces huge volumes of
data, which makes it suitable for Machine Learning
applications. Handling remote sensing data, as well as
upscaling require extensive storage and processing
power, therefore cloud-based platforms are explored in
this project.
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Development of mangrove detection methods and 
suitability maps for their restoration in the Red Sea

Motivation
Mangroves are very productive ecosystems, provide a
wide variety of ecosystems services and are big
carbon sinks in our planet. In the last decades
mangrove forests have suffered a decline in their
extension worldwide. Conversely, mangroves in the
Red Sea have increased their extension during the last
decades. However, we lack an updated estimate of
their extension and a valid methodology to evaluate
their potential restoration in the Red Sea. In this
context, remote sensing-based methodologies have
already proved to powerful for mangrove monitoring
not only in the Red Sea but worldwide. In addition,
developing techniques to understand factors affecting
mangrove distribution can be useful for potential
restoration programs in the Red Sea.

Challenge

Approach
1. Mangrove mapping in the Red Sea
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Detail of one of the islands of the Red
Sea Project, with classified mangroves
in green.
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Due to the large size
of the Red Sea
mapping mangroves
on its whole
extension using
traditional methods
can be very resource
consuming. Cloud
computing, together
with remote sensing
platforms, can be of
great help in
processing this big
amount of data.
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Monitoring Agricultural Water Use Using High-
Resolution Remote Sensing Technologies

Motivation
As a result of population increase and the subsequent
need to feed a growing population, our water
resources have come under unprecedented stress. It
is imperative to optimize the use of water and to
increase agricultural productivity. Frequent monitoring
of agricultural sites is needed to achieve such goals.

Challenge
Crop water use or evaporation cannot be directly
measured by satellite observations.

Research goals
1. Integrate CubeSat imagery into evaporation models.

2. Reveal the use of daily CubeSat products for 
precision agriculture and crop water use management.

3. Intercompare the effects of different spatiotemporal 
resolutions on crop water use estimates.
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The most feasible solution
to monitor the agricultural
sector is by using remote
sensing platforms such as
satellites or UAVs equipped
with special cameras
together with modelling
approaches that will enable
data-driven agriculture.

We need to combine remote sensing data with
modelling. In the case of satellite observations, the
atmospheric effects need to be removed. Finally, the
crop water use estimates need validation from on-site
equipment.
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their extension and a valid methodology to evaluate
their potential restoration in the Red Sea. In this
context, remote sensing-based methodologies have
already proved to powerful for mangrove monitoring
not only in the Red Sea but worldwide. In addition,
developing techniques to understand factors affecting
mangrove distribution can be useful for potential
restoration programs in the Red Sea.

Challenge

Approach
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Spatiotemporal retrievals of crop evapotranspiration 
for water resources management 

Motivation
Accurate estimates of orchard evapotranspiration (ET) and
its components are important for precise irrigation
scheduling, irrigation system designs, and optimal on-farm
water allocation particularly in water-limited environments.
Direct measurements of ET remain costly, laborious and
sometimes difficult to apply over heterogeneous surfaces
such as crop fields. Therefore, accurate crop water-use
models are required for on-farm precise water resources
management. In this study, we adopted and improved the
Priestley-Taylor Jet Propulsion Laboratory (PT-JPL) model
developed by Fisher et al 2008 to estimate crop water use
across olive tree plantations.

Scientific Challenge
Model ET estimates were evaluated against ET data
measured, using eddy covariance data and transpiration
measured based on sap flow monitoring techniques. The
objective is to evaluate the PT-JPL ET and its
components estimates. Thereafter, these estimations will
be explore as an indicator related to the water resources
management.

Ongoing results
Preliminary results showed that the original Fisher PT-
JPL model performed poorly in ET estimation. Thus, we
work on improving the model by using other formula
adapted to our case and by incorporating stress indexes
based on soil moisture or surface temperature.
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Team: Jamal Elfarkh, Matthew F. McCabe, Kasper Johansen, Samir K. Al Almashharawi, and Marcel M. El Hajj 
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Approach

Figure 3: Comparison between the original and modified version
of PT-JPL and eddy covariance and sap flow measurements

Figure 1: Energy balance closure. H: sensible heat flux, LE: latent 
heat flux, Rn: net radiation and G: soil heat flux

Figure 2: Temporal dynamics of evapotranspiration and 
transpiration measured from eddy covariance system and sap 

flow sensor 

Potential of Sentinel-1 SAR data to assess water use 
in super high density irrigated olive groves

Motivation
Irrigation monitoring helps to reduce water scarcity. The
use of in situ sensors for irrigation monitoring is not
efficient over large areas because these sensors are
expensive and provide only local information. Hence, the
importance of remote sensing from space, which allows
the observation of very large areas with high spatial
resolution and high revisit time. In particular, SAR
(Synthetic Aperture Radar) remote sensing data have
shown great potential for mapping soil and vegetation
biophysical variables.

Scientific Challenge
The SAR signal is sensitive to the dielectric constant of
the target. The purpose of this study is to explore the
correlation between C-band SAR dynamics and
variations in canopy water content resulting from water
uptake and transpiration (i.e., water use). Another
objective is to explore the possibility of developing an
indicator related to the irrigation amount applied.

Few studies have shown that C-band SAR is sensitive to
canopy water content. Almost all studies have focused
on forest; to date, no study has examined the potential
of SAR data to assess water content in orchards.

Ongoing results
Preliminary results showed that the SAR signal
dynamics is correlated with water uptake (Figures 1).
The results also reveal that the SAR signal time series
have high dynamics for well-irrigated plot and low
dynamics for less-irrigated plot (Figure 3).
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Approach

Figure 3: temporal dynamics of SAR signal (VV-pol) and in
situ soil surface moisture (SSM) and root zone soil
moisture (30 cm), and frequency of irrigation practices

Figure 2: correlation between flow rate and SAR backscatter

Figure 1: temporal dynamics of SAR signal (VV-pol) and flow rate
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Mapping Extent and Distribution of Center Pivots in 
Al Jawf using Landsat Imagery

PI: Prof. Matthew McCabe

Email: Kasper.Johansen@kaust.edu.sa

Kasper Johansen

• Information on center pivot extent required for 
estimation of water use and future irrigation needs

• Knowing the location and distribution of center pivots is 
essential for biosecurity purposes

• Of use for national and regional auditing, production 
forecasts and optimization, product traceability, and 
management of water, fertilizer and pesticides

• Time-series information can show changes in 
agricultural practices and water use from year to year

• Method is suitable for semi-automatic delineation of 
center pivots and proportions of center pivots in use 
within the year assessed.

• Number and area of individual center pivots, distance 
to nearest pivots and other statistical measures can be 
derived from the output maps (Fig. 2).

• Approach is suitable for quantifying changes in center 
pivot extent and distribution from year to year.

• Water use can be estimated for center pivots, when 
including LAI, LST, albedo and meteorological data.

Results

Multi-temporal 
Landsat imagery used 
for each year to 
incorporate 
information on crop 
phenology

Object-Based Image 
Analysis to 
automatically 
delineate individual 
center pivots

Classification 
output and 
statistical 
analysis. Suitable 
input for evapo-
transpiration 
modeling

Approach: Semi-automatic delineation of 
center pivots

25 0 2512.5 Kilometers Number of Center Pivots 4882
Total Area of Center Pivots (km2) 2404
Median Area per Center Pivot 
(km2)

0.514

% of Fully Vegetated Center Pivots 87.3

Fig. 2. Delineation, classification and statistical results of 
center pivot extent for the Al Jawf region.

Fig. 1. Schematic of the mapping approach based on a 
time-series of Landsat imagery to automatically deli-neate
and subsequently classify individual center pivots.

Conclusion
Semi-automated mapping of center pivots from satellite 
imagery can provide timely information at regional and 
national scales to support management practices and 
ensure optimization and sustainability of water use.

Impact

Integrating Unmanned Aerial Vehicles (UAVs) 
and satellite imagery for agricultural monitoring 

Motivation

UAVs and satellite constellations are both essential 
Earth Observation systems for agricultural monitoring. 
However, each of these data sources is generally used 
separately even though they are complementary and 
have strong and promising potential synergies.

Research goals

1. Using UAV data to bridge the gap between ground 
measurements and satellite observations

PI: Matthew F McCabe
Team: Kasper Johansen, Yu-Hsuan Tu

Email: jiale.Jiang@kuast.edu.sa

Jiale Jiang

2. Fusing UAV and satellite data to enhance agricultural 
monitoring
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Challenge

• Data inconsistency between UAV and satellite data 
(e.g., different spectral information, spatial scale, 
and acquisition time), making multi-source 
interoperability difficult.

• Inter-calibrating data (geometric and radiometric) 
and estimating uncertainty in multi-source models 
are essential to ensure the quality of the results 
from this synergy.
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Predicting Crop Yield Using High-Resolution Remote 
Sensing Technologies and Advanced Modeling Techniques

Motivation
My research focuses on understanding how we can
combine remote sensing platforms and modeling
techniques to improve agricultural management
decision making and crop yield predictions. Recent
advances in satellite and drone platforms now offer the
capacity to monitor agricultural systems at high spatio-
temporal resolution, providing vital information about
crop status.

Challenge
Integrating high spatio-temporal resolution remote sensing
data into crop model using assimilation techniques can be
computationally demanding. Yet, building an efficient
assimilation framework that can ingest data into the model
is key to deliver accurate results in a timely manner.

Research goals
1. Derive high spatio-temporal resolution crop health
maps (i.e. leaf area index) from remote sensing platform.

PI: Matthew F. McCabe
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Matteo G. Ziliani

2. Integrate remote sensing maps into crop yield models
using efficient assimilation schemes (i.e. particle filter).

DOY 247 DOY 248 DOY 249 DOY 250 DOY 251 DOY 252 DOY 253 DOY 254

3. Generate intra-field crop yield variability maps to
asses field performances and economic returns.

Assimilation 
day

Prediction
day

By integrating remote sensing data into models (which
simulate future crop development and yield) we can
provide spatial information of end-of-season yield to
optimize resources (i.e. water and fertilizer) and increase
farmers’ economic return.

Monitoring agricultural field dynamics using 
satellite data and machine learning approaches 

Motivation
The irrigated agricultural region expanded in Saudi
Arabia during recent decades (Fig.1) yet we don’t
know the accurate number, the location, what has
been and is being grown, and many other field
dynamics such as the crop rotation in the fields. This
work aims to establish a framework to monitor the field
dynamics by using satellite data and machine learning
techniques. Furthermore, agricultural information
obtained from the study could provide key information
for food-water security studies such as crop water
management and crop yield prediction.

Challenge
Remotely monitor the field dynamics, including the
intra-, inter-annual dynamics, and within-field dynamics
with chaotic satellite data (Fig. 3) and limited or no in-
situ data.

Research goals
Build a novel framework (Fig.4) using satellite data and 
machine learning methods to:
1. automatically delineate agricultural fields;
2. estimate the crop phenology characters; and
3. discriminate the crop types

PI: Matthew F. McCabe
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Figure 1. Agricultural fields extension in Saudi Arabia 

Figure 4. Schematic of the methodological framework 

Figure 3. Chaotic field dynamics in Saudi Arabia; A~F indicated
growing seasons obtained from different fields. NDVI presented
the Normalized Differential Vegetation index showing the growth
status of green vegetation.

Figure 2. Scientific problems    
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advances in satellite and drone platforms now offer the
capacity to monitor agricultural systems at high spatio-
temporal resolution, providing vital information about
crop status.

Challenge
Integrating high spatio-temporal resolution remote sensing
data into crop model using assimilation techniques can be
computationally demanding. Yet, building an efficient
assimilation framework that can ingest data into the model
is key to deliver accurate results in a timely manner.

Research goals
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2. Integrate remote sensing maps into crop yield models
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3. Generate intra-field crop yield variability maps to
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Assimilation 
day

Prediction
day

By integrating remote sensing data into models (which
simulate future crop development and yield) we can
provide spatial information of end-of-season yield to
optimize resources (i.e. water and fertilizer) and increase
farmers’ economic return.

Atmospheric water harvesting: harvesting 
clean water and beyond

Motivation
The Earth’s atmosphere holds 12,900 billon tons of
fresh water distributed all over the world with fast
replenishment.
• Take advantage of atmospheric water could be a

promising strategy for clean water production in
arid regions, land-locked areas, and remote
communities.

• Furthermore, use water harvested from air as a
green coolant can provide broad solutions for
effective cooling process with minimum energy
demand.

Challenge

For AWH process:

1. Low water vapor sorption capacity of sorbent 
material.

2. Low sorption kinetic.
3. High price.
4. Lack of antifouling property.
5. Lack of proper method to utilize contaminated 

water resources in emergencies.

For AWH cooling process:

1. Insufficient durability of sorbent.
2. Lack of proper sorbent materials.
3. Unsatisfied recycling performance.
4. Corrosion to the cooling surfaces.
5. Lack of evidences for practical applications

Research goals

1: Harvesting clean water from air use sorption-based 
atmospheric water harvesting (AWH) process. 1,2
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2: Hybrid AWH system with pollutant shielding effect 
to collect clean water from contaminated water 
resources. 3

3: Low-grade energy powered cooling process based 
on the AWH process. 4
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Evaluating Wastewater Treatment Plants to Ensure 
Robust and Reliable Treatment of Wastewater Despite 
Mass Gathering Events

Motivation
Mass gatherings are events in which large congregations 
happen during a relatively short duration. Examples of 
mass gatherings are Hajj and Umrah which occur every 
year in Saudi Arabia. During this event, more than 2 
million pilgrims from the world gather for Hajj during a 
very short period of time, and more than 5 million 
pilgrims gather for Umrah in Saudi Arabia throughout the 
year. Compared to the approximately 3 million residents 
at the congregating points, this sudden influx of foreign 
pilgrims can cause significant challenge to the local 
wastewater treatment plants(WWTP).

Technological or Scientific Challenge
Almost two-thirds of Hajj pilgrims originate from 
unfavorable social and economics background. A 
subset of pilgrims can potentially be carriers of 
pathogenic or opportunistic pathogenic 
microorganisms for example Klebsiella pneumonia, 
Acinetobacter baumannii, Pseudomonas aeruginosa. 
Certain strains of these microorganisms may encode 
antibiotic resistance genes or mobile genetic elements 
that can be horizontally transferred from one bacteria 
to other. These microorganisms can be shed through 
fecal wastes and enter into the local wastewater 
treatment plants (WWTP, Fig. 1)

Research goals
• Conduct a long term continuous sampling at 4 WWTPs 

(WWTP 1-4) that are impacted by mass gatherings
• Monitor bacterial community changes using 

metagenomics and amplicon sequencing 
• Determine abundance of opportunistic pathogens in 

wastewater using quantitative PCR
• Estimate potential microbiological risks to public health 

that could be caused by massive gathering
• Develop potential strategies to improve the 

management and efficiency of wastewater treatment 
plants

PI: Peiying Hong
Team: Mohammad Monjed, Yevhen Myshkevych, Changzhi Wang

Yeong Na
Key findings
• In all four studied WWTPs, the average COD removal after 

the filtration process is 91.7 ± 4.7%, and that the secondary 
treated effluent has an average COD of 10.5 ± 5.2 mg/L.

• Two of the WWTPs (3 and 4) have consistently low LRV of 
bacterial cells by their activated sludge process (e.g. 
average LRV of 0.06), and that bacterial numbers increased 
by 6.6% after the sand filtration step.

• Final effluent after sand filtration would undergo UV and 
chlorine disinfection that can achieve 6-log10 LRV

• However, further assessment is needed to elucidate the 
phylogenetic identities of bacterial communities and to 
estimate their specific growth rates, immigration rates and 
invasiveness across different stages of the WWTPs.

Fig. 1. Layout of wastewater treatment plants and the sampling points

Fig. 2. COD removal rate in WWTP 1-4
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Fig. 3. Log removal value of total cell number in WWTP 1-4
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Interaction between mutagenic factors and 
extracellular DNA: An examination of potential 
risks in water reuse settings

Motivation & Background

Extracellular DNA (eDNA)

Research goals

PI: Peiying Hong
Team: David Mantilla-Calderon, Tiannyu Wang, Mohammad 
Alharbi, Meriem Laleg

Email: bothayna.gashgari.1@kaust.edu.sa

Bothayna Al-Gashgari

Disinfection By Products

Pharmaceuticall

Solar irradiance1

2

3

Factors that exposed 
to waste water after 

chlorination 

gene A 
gene B 

Extreme conditions 

Gene size 

Nutrients  

Environment 

Cl
Cl
Cl

Cl

Activated sludge

primary clarifier secondary clarifier 

activated sludge tank chlorination

- How does the different factor present in wastewater 
environment affecting natural transformation in A. baylyi?

- Is the effect on natural transformation for co-existing factors a 
geometric addition of each individual factor? 

Questions to be addressed,

Flanked promoter for 
spectomycin resistance   

Supplemented with 
missing promoter under 

diffferent treatments   

Diluted cells plated in LB agar 
plates supplemented with 

(kan/spec/rif)    

18 hours   
Count transformant 

cells   

Calculate fold change in 
transformation 

compared to control   

total 
population   

Transformant 
cells   

Experimental set-up

Objective
The main aim in this proposed study is to analyze the
interaction between different chemical contaminants that are
present in the reclaimed water, and understand how they would
interact with each other and with environmental factor like
sunlight in affecting natural transformation.

Current data
Solar CMZ FA DBAC

Solar Synergistic Additive Additive 

CMZ Synergistic antagonistic antagonistic

FA Additive antagonistic antagonistic

DBAC Additive antagonistic antagonistic

Increase transformation Decrease transformation 

+

Natural transformation

- Extracellular DNA (eDNA) is the released genetic materials from 
dead cells into the environment.
- eDNA has been shown to be persist in its stable intact form under 
extreme environmental conditions 
- The released DNA can be integrated into the genome of different 
prokaryotic cells through a mechanism called natural 
transformation in different environmental settings   

Recent studies have shown that disinfection byproducts (1) and 
solar irradiance (2), both of which are factors presented post 
chlorination step can increase the eDNA uptake by 
Acinetobacter baylyi. Other studies demonstrated the effect of 
pharmaceutical drugs to increase cell permeability (3) which in 
return can increase the eDNA translocation to the cell. However, 
all these factors have been studied individually which do not 
represent the true environmental scenario in which factors co-
exist simultaneously.  - Current data suggests that positive factors for transformation do 

not always result in an additive interaction when presented 
together. e.g. the interaction of CMZ and DBAC resulted in an 
antagonistic interaction.  
- The interaction between multiple factors can overcome their 
individual effect. e.g. the interaction of CMZ and FA resulted in a 
decrease in DNA transformation  
- Such observations imply the difficulty in predicting the true extent 
of horizontal gene transfer in the wastewater-exposed ecosystem    

Scientific Challenge

References:
1.Mantilla-Calderon, D., et al., Water Disinfection Byproducts Increase Natural Transformation Rates of 
Environmental DNA in Acinetobacter baylyi ADP1. Environ Sci Technol, 2019. 53(11): p. 6520-6528.
2.Augsburger, N., et al., Acquisition of Extracellular DNA by Acinetobacter baylyi ADP1 in Response to 
Solar and UV-C254nm Disinfection. Environ Sci Technol, 2019. 53(17): p. 10312-10319.
3.Wang, Y., et al., Antiepileptic drug carbamazepine promotes horizontal transfer of plasmid-borne 
multi-antibiotic resistance genes within and across bacterial genera. ISME J, 2019. 13(2): p. 509-522.

Evaluating Wastewater Treatment Plants to Ensure 
Robust and Reliable Treatment of Wastewater Despite 
Mass Gathering Events

Motivation
Mass gatherings are events in which large congregations 
happen during a relatively short duration. Examples of 
mass gatherings are Hajj and Umrah which occur every 
year in Saudi Arabia. During this event, more than 2 
million pilgrims from the world gather for Hajj during a 
very short period of time, and more than 5 million 
pilgrims gather for Umrah in Saudi Arabia throughout the 
year. Compared to the approximately 3 million residents 
at the congregating points, this sudden influx of foreign 
pilgrims can cause significant challenge to the local 
wastewater treatment plants(WWTP).

Technological or Scientific Challenge
Almost two-thirds of Hajj pilgrims originate from 
unfavorable social and economics background. A 
subset of pilgrims can potentially be carriers of 
pathogenic or opportunistic pathogenic 
microorganisms for example Klebsiella pneumonia, 
Acinetobacter baumannii, Pseudomonas aeruginosa. 
Certain strains of these microorganisms may encode 
antibiotic resistance genes or mobile genetic elements 
that can be horizontally transferred from one bacteria 
to other. These microorganisms can be shed through 
fecal wastes and enter into the local wastewater 
treatment plants (WWTP, Fig. 1)

Research goals
• Conduct a long term continuous sampling at 4 WWTPs 

(WWTP 1-4) that are impacted by mass gatherings
• Monitor bacterial community changes using 

metagenomics and amplicon sequencing 
• Determine abundance of opportunistic pathogens in 

wastewater using quantitative PCR
• Estimate potential microbiological risks to public health 

that could be caused by massive gathering
• Develop potential strategies to improve the 

management and efficiency of wastewater treatment 
plants

PI: Peiying Hong
Team: Mohammad Monjed, Yevhen Myshkevych, Changzhi Wang

Yeong Na
Key findings
• In all four studied WWTPs, the average COD removal after 

the filtration process is 91.7 ± 4.7%, and that the secondary 
treated effluent has an average COD of 10.5 ± 5.2 mg/L.

• Two of the WWTPs (3 and 4) have consistently low LRV of 
bacterial cells by their activated sludge process (e.g. 
average LRV of 0.06), and that bacterial numbers increased 
by 6.6% after the sand filtration step.

• Final effluent after sand filtration would undergo UV and 
chlorine disinfection that can achieve 6-log10 LRV

• However, further assessment is needed to elucidate the 
phylogenetic identities of bacterial communities and to 
estimate their specific growth rates, immigration rates and 
invasiveness across different stages of the WWTPs.

Fig. 1. Layout of wastewater treatment plants and the sampling points

Fig. 2. COD removal rate in WWTP 1-4
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Fig. 3. Log removal value of total cell number in WWTP 1-4
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Investigating the determining factors of (functional) 
bacterial communities in drinking water supplied by 
reverse osmosis membrane treatment

Motivation

Membrane-based filtration technology has been utilized
to increase potable water availability. Specifically,
seawater reverse osmosis (SWRO) desalination
technology has been installed in many countries, e.g.,
the Arabian Peninsula, North Africa, to offer an
unlimited, steady supply of high-quality water. RO is
the most effective membrane-based filtration method
with high removal efficiency for bacteria, viruses, and
organic and inorganic contaminants. These findings,
however, primarily based on the lab- or pilot-scale
studies [1,2,3]; and only a few microbial community
studies done on full-scale water treatment plants
applying RO in their treatment train [4]. Producing
drinking water from RO involves huge resources (cost,
technology). Thus, my research investigates factors
influencing biological (in)stability in drinking water
supplied by a full-scale RO-based membrane water
treatment plant. To achieve this, a multi-omics
approach is proposed. NGS/amplicon-based
sequencing and metabolomics provide an in-depth
investigation of what/who's present, what is happening
(metabolically), and their complex interplay with
physicochemical factors at the point-of-use conditions.

Technological Challenge

• Optimizing DNA extraction procedures. RO-treated
drinking water contains low microbial density, and
residual disinfectant, challenging obtaining sufficient
DNA quantity for the subsequent genomic analysis.

• Validating plate-count-based methods (e.g.,
commercial kit: Legiolert) with total cell count (flow
cytometry) and quantitative molecular procedures
(e.g., qPCR), as well as metabolomics in-vitro.

• Integrating microbial genomics and metabolomics
to confer the activity of the microbial communities
present. A relatively new and challenging approach
that will improve the use of community profile and
identified metabolite biomarkers as a potential
diagnostic indicator for water quality monitoring.

• Data analysis. Correlating those profiles to organic, 
inorganic, and water quality parameters needs 
computational resources (bioinformatics and 
statistic tools). 

References:
1. Park S K, Hu JY. (2010). J. of Enviro. Sci. and Health, 

Part A., 45(8), 968-77.
2. Fujioka T et al. (2018). Enviro. Sci. and Tech., 5(6), 

389-93.
3. Learbuch KLG et al. (2019). Water Research., 157, 55-

63. 
4. Stamps BW et al. (2018). Front Microbiol., 9, 24-35

PI: Johannes S. Vrouwenvelder
Team: Nadia Farhat

Email: ratna.putri@kaust.edu.sa

Ratna Putri
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Research goals

This research project aims to: 
• Characterize bacterial dynamics (including temporal

and spatial) in RO-treated drinking water with residual
disinfectant at various (technical, physicochemical)
operating and point-of-use conditions.

• Develop bacterial profile (including baseline range of
microbial abundance measures) and/or metabolite
biomarkers as a potential emerging indicator for water
quality monitoring appropriate for drinking water
supplied by membrane-treatment technology.
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Atmospheric water harvesting: harvesting 
clean water and beyond

Motivation
The Earth’s atmosphere holds 12,900 billon tons of
fresh water distributed all over the world with fast
replenishment.
• Take advantage of atmospheric water could be a

promising strategy for clean water production in
arid regions, land-locked areas, and remote
communities.

• Furthermore, use water harvested from air as a
green coolant can provide broad solutions for
effective cooling process with minimum energy
demand.

Challenge

For AWH process:

1. Low water vapor sorption capacity of sorbent 
material.

2. Low sorption kinetic.
3. High price.
4. Lack of antifouling property.
5. Lack of proper method to utilize contaminated 

water resources in emergencies.

For AWH cooling process:

1. Insufficient durability of sorbent.
2. Lack of proper sorbent materials.
3. Unsatisfied recycling performance.
4. Corrosion to the cooling surfaces.
5. Lack of evidences for practical applications

Research goals

1: Harvesting clean water from air use sorption-based 
atmospheric water harvesting (AWH) process.

PI: Peng Wang
Team: Renyuan Li

Email: Renyuan.li@kaust.edu.sa

Renyuan Li

Your KAUST
picture

2: Hybrid AWH system with pollutant shielding effect 
to collect clean water from contaminated water 
resources.

3: Low-grade energy powered cooling process based 
on the AWH process.

Metagenomic investigation of antibiotic resistance genes
and virulence factor genes in extracellular DNA across
wastewater treatment

Motivation

Extracellular DNA (eDNA) is an emerging contaminant 
in wastewater which can not be removed efficiently due 
to their small molecular size and poor settleability (Fig.
1). Hence it can be disseminated into the environment 
by water reuse. However, the performance of eDNA 
across wastewater treatment is unknown, particularly 
for critical genes like antibiotic resistance genes 
(ARGs) and virulence factor genes (VFGs).

To monitor these genes in eDNA across wastewater 
treatment, we hereby collected wastewater samples 
from different stages of wastewater treatment plant 
(WWTP): influent, MBR effluent and chlorinated
effluent monthly for one year (Fig. 2). Furthermore, we
isolated eDNA from these wastewater samples and 
conducted shotgun metagenomic sequencing to 
determine the presence of ARGs and VFGs in eDNA
across the wastewater treatment.

Technological Challenge

The primary challenge is the quality control of eDNA 
extraction. It needs additional experiments to evaluate 
the DNA contamination from intracellular DNA (iDNA).
Besides, we also need to build up proper bioinformatic
pipelines to detect ARGs and VFGs located in eDNA.

Research goals

In this study, we aim to profile ARGs and VFGs in 
eDNA across wastewater treatment, evaluating their 
potential risk to water reuse, and particularly for genes 
still presented in chlorinated effluent.
Our investigation intends to answer the following 
questions:
1. What is the difference of ARGs/VFGs community 

in eDNA compared to iDNA?
2. Is there any preference of functions/mechanisms 

of ARGs/VFGs in eDNA?
3. Which ARGs/VFGs can survive wastewater

treatment and present in eDNA of chlorinated
effluent?

PI: Peiying Hong
Team: Changzhi Wang

Email: changzhi.wang@kaust.edu.sa

Changzhi Wang

Figure 2. Structure of Membrane Bioreactor (MBR) WWTP.

Figure 1. Scheme of eDNA and intracellular DNA 
(iDNA) in WWTP.

Key findings

1. ARGs associated with antibiotic inactivation had 
higher relative abundance in eDNA than inDNA, 
and it also had higher relative abundance in 
chlorinated effluent than in MBR effluent. In 
contrast, ARGs associated with efflux mechanisms 
are present in higher relative abundance in the 
iDNA portions for both MBR effluent and 
chlorinated effluent.

2. 12 ARGs and 2 VFGs in plasmid or phage of 
eDNA in MBR effluent were detected to be present 
in influent and chlorinated effluent. 

3. Two beta-lactamases: blaTEM and blaOXA were 
detected as funding 2, and novel SNVs: E86G, 
Q122K of blaOXA and S2R of blaTEM were found in 
chlorinated effluent.

Atmospheric water harvesting: harvesting 
clean water and beyond

Motivation
The Earth’s atmosphere holds 12,900 billon tons of
fresh water distributed all over the world with fast
replenishment.
• Take advantage of atmospheric water could be a

promising strategy for clean water production in
arid regions, land-locked areas, and remote
communities.

• Furthermore, use water harvested from air as a
green coolant can provide broad solutions for
effective cooling process with minimum energy
demand.

Challenge

For AWH process:

1. Low water vapor sorption capacity of sorbent 
material.

2. Low sorption kinetic.
3. High price.
4. Lack of antifouling property.
5. Lack of proper method to utilize contaminated 

water resources in emergencies.

For AWH cooling process:

1. Insufficient durability of sorbent.
2. Lack of proper sorbent materials.
3. Unsatisfied recycling performance.
4. Corrosion to the cooling surfaces.
5. Lack of evidences for practical applications

Research goals

1: Harvesting clean water from air use sorption-based 
atmospheric water harvesting (AWH) process.

PI: Peng Wang
Team: Renyuan Li

Email: Renyuan.li@kaust.edu.sa

Renyuan Li
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2: Hybrid AWH system with pollutant shielding effect 
to collect clean water from contaminated water 
resources.

3: Low-grade energy powered cooling process based 
on the AWH process.

Predicting Crop Yield Using High-Resolution Remote 
Sensing Technologies and Advanced Modeling Techniques

Motivation
My research focuses on understanding how we can
combine remote sensing platforms and modeling
techniques to improve agricultural management
decision making and crop yield predictions. Recent
advances in satellite and drone platforms now offer the
capacity to monitor agricultural systems at high spatio-
temporal resolution, providing vital information about
crop status.

Challenge
Integrating high spatio-temporal resolution remote sensing
data into crop model using assimilation techniques can be
computationally demanding. Yet, building an efficient
assimilation framework that can ingest data into the model
is key to deliver accurate results in a timely manner.

Research goals
1. Derive high spatio-temporal resolution crop health
maps (i.e. leaf area index) from remote sensing platform.

PI: Matthew F. McCabe
Email: matteo.ziliani@kaust.edu.sa

Matteo G. Ziliani

2. Integrate remote sensing maps into crop yield models
using efficient assimilation schemes (i.e. particle filter).

DOY 247 DOY 248 DOY 249 DOY 250 DOY 251 DOY 252 DOY 253 DOY 254

3. Generate intra-field crop yield variability maps to
asses field performances and economic returns.

Assimilation 
day

Prediction
day

By integrating remote sensing data into models (which
simulate future crop development and yield) we can
provide spatial information of end-of-season yield to
optimize resources (i.e. water and fertilizer) and increase
farmers’ economic return.
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Atmospheric water harvesting: harvesting 
clean water and beyond

Motivation
The Earth’s atmosphere holds 12,900 billon tons of
fresh water distributed all over the world with fast
replenishment.
• Take advantage of atmospheric water could be a

promising strategy for clean water production in
arid regions, land-locked areas, and remote
communities.

• Furthermore, use water harvested from air as a
green coolant can provide broad solutions for
effective cooling process with minimum energy
demand.

Challenge

For AWH process:

1. Low water vapor sorption capacity of sorbent 
material.

2. Low sorption kinetic.
3. High price.
4. Lack of antifouling property.
5. Lack of proper method to utilize contaminated 

water resources in emergencies.

For AWH cooling process:

1. Insufficient durability of sorbent.
2. Lack of proper sorbent materials.
3. Unsatisfied recycling performance.
4. Corrosion to the cooling surfaces.
5. Lack of evidences for practical applications

Research goals

1: Harvesting clean water from air use sorption-based 
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2: Hybrid AWH system with pollutant shielding effect 
to collect clean water from contaminated water 
resources.

3: Low-grade energy powered cooling process based 
on the AWH process.

Atmospheric water harvesting: harvesting 
clean water and beyond

Motivation
The Earth’s atmosphere holds 12,900 billon tons of
fresh water distributed all over the world with fast
replenishment.
• Take advantage of atmospheric water could be a

promising strategy for clean water production in
arid regions, land-locked areas, and remote
communities.

• Furthermore, use water harvested from air as a
green coolant can provide broad solutions for
effective cooling process with minimum energy
demand.

Challenge

For AWH process:

1. Low water vapor sorption capacity of sorbent 
material.

2. Low sorption kinetic.
3. High price.
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2: Hybrid AWH system with pollutant shielding effect 
to collect clean water from contaminated water 
resources.

3: Low-grade energy powered cooling process based 
on the AWH process.

Optimizing Gravity-Driven Membrane (GDM) 
performance for water treatment

Motivation

Challenge

GDM systems combine membrane filtration with
biological processes, where the flux stabilization is linked
to the development of biomass on the membrane.

Research goals
In order to enhance the GDM performance:
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v Link process performances with membrane fouling
through membrane autopsy employing advanced
imaging techniques (i.e., OCT, SEM, CLSM, etc.)

Fig 1.a) GDM setup b) Flux development over time: b1) without any
physical/chemical cleaning, b2) with shear stress employment.

Fig. 2: 3D visualization of OCT scans [1]

The use of membrane processes has been considered a
reliable solution to enhance the purification of water, since
in the last century, the global demand for fresh water has
steadily increased due to population growth.
Gravity-driven membrane (GDM) processes have
recently been proposed as a sustainable alternative for
water treatment due to the low energy requirements in
terms of filtration operation and the stable flux
achievement [1].

Over time, the GDM
allows to achieve a
stable flux without any
chemical or physical
cleaning. However, the
stable flux is one order
of magnitude lower than
that in the typical UF/MF
process, which is the
major obstacle to
overcome.
b)

v Assess the process under different operating
parameters conditions treating different feed waters
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Atmospheric water harvesting: harvesting 
clean water and beyond

Motivation
The Earth’s atmosphere holds 12,900 billon tons of
fresh water distributed all over the world with fast
replenishment.
• Take advantage of atmospheric water could be a

promising strategy for clean water production in
arid regions, land-locked areas, and remote
communities.

• Furthermore, use water harvested from air as a
green coolant can provide broad solutions for
effective cooling process with minimum energy
demand.

Challenge

For AWH process:

1. Low water vapor sorption capacity of sorbent 
material.

2. Low sorption kinetic.
3. High price.
4. Lack of antifouling property.
5. Lack of proper method to utilize contaminated 

water resources in emergencies.

For AWH cooling process:

1. Insufficient durability of sorbent.
2. Lack of proper sorbent materials.
3. Unsatisfied recycling performance.
4. Corrosion to the cooling surfaces.
5. Lack of evidences for practical applications

Research goals

1: Harvesting clean water from air use sorption-based 
atmospheric water harvesting (AWH) process.
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2: Hybrid AWH system with pollutant shielding effect 
to collect clean water from contaminated water 
resources.

3: Low-grade energy powered cooling process based 
on the AWH process.

Marine anammox bacteria: energy-efficient  
treatment of saline wastewater 

Freshwater scarcity
As the demand on freshwater resources for potable and
non-potable uses increases due to the rapidly growing
human population, the per capita availability of
freshwater in many regions is likely to decrease.

Seawater is a resource
Over 50% of the world’s population resides within 60
km of the coast, and seawater can be directly utilized
for non-potable uses such as toilet flushing to reduce
the demand on freshwater resources.

Anammox as energy-efficient nitrogen removal
process
Anaerobic ammonium oxidation (anammox) is regarded
as one of the most energy-efficient process for nitrogen
removal from waste streams. Anammox can save more
than 60% of the energy used in aeration systems and
100% of carbon source demand when compared with
conventional nitrogen removal with
nitrification/denitrification process.

Challenge

Research goals

My research focuses on the development of a granular
partial nitritation/marine anammox system for the
treatment of saline wastewater.

PI: Pascal Saikaly. 
Team: Dario Rangel, Muhammad Ali, Carlos Bibiano Guadarrama

Julian Tobon-Gonzalez 

1. Development of granular marine anammox system 

Motivation

References
1. Ali, M., Shaw, D. R., and Saikaly, P. E. (2020).
Application of an enrichment culture of the marine anammox
bacterium “Ca. Scalindua sp. AMX11” for nitrogen removal
under moderate salinity and in the presence of organic
carbon. Water Res. 170, 115345.

ü Anammox process is a prerequisite for achieving a
cost-effective and energy-efficient treatment of nitrogen
in wastewater. However, saline wastewater produce
hyperosmotic stress to freshwater species of anammox
bacteria, affecting their performance.

ü Marine anammox bacteria are better suited for nitrogen-
rich saline wastewater treatment compared to
freshwater anammox bacteria due to their intrinsic
tolerance to salinity1. However, attempts should be
made to demonstrate the application of marine
anammox bacteria in granular biofilm systems. Also,
nitrite supply or partial nitritation is required to drive the
anammox reaction.

2. Development of a single-stage partial nitritation/anammox 
process  
3. Analysis of microbial community ecology  

4. Adaptation of granular partial nitritation/marine anammox 
system to domestic wastewater conditions 

Increase of organics Pre-treated real wastewater
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2. Low sorption kinetic.
3. High price.
4. Lack of antifouling property.
5. Lack of proper method to utilize contaminated 

water resources in emergencies.

For AWH cooling process:

1. Insufficient durability of sorbent.
2. Lack of proper sorbent materials.
3. Unsatisfied recycling performance.
4. Corrosion to the cooling surfaces.
5. Lack of evidences for practical applications

Research goals
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atmospheric water harvesting (AWH) process.
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2: Hybrid AWH system with pollutant shielding effect 
to collect clean water from contaminated water 
resources.

3: Low-grade energy powered cooling process based 
on the AWH process.

Carbon recovery from organic waste using chain 
elongation platform

Motivation
Carbon chain elongation platform harnesses the

potential of certain microbes in anaerobic fermentation
biotechnology to generate medium-chain carboxylic
acids (MCCAs, C6-C12) from organic waste, which
could be utilized for various industrial and agricultural
applications, such as sustainable antimicrobials,
precursors for liquid biofuel production and livestock
feed additives for growth.

My research focuses on the development of an
efficient chain elongation bioprocess to recover carbon
as valuable chemicals from organic wastes.

Challenge
1. Membrane fouling is a challenge that need to be
controlled when using submerged membranes for
pertraction.
2. Challenge for scale up from lab to commercial unit.
Operational parameters need to be optimized for the liquid-
liquid extraction of MCCAs from aqueous solution in the
bioreactor and the feeding frequency, such as number of
membrane extraction units, food waste feeding rate, etc.

Research goals
1. Develop a chain elongation bioreactor system with a
submerged membrane for pertraction that can produce
and extract MCCAs steadily.
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Team: Bin Bian
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3. J. Xu et al (2018). Joule. 2, 280-295.
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Research goals
Studies aim to develop a robust MEC-AD hybrid
process:
1. Identification of apt operational parameters for
MEC-AD process resilience (Fig. 3).

2. Untangle the ecophysiology of microbiome involved
in MEC-AD (Fig. 4)

However, the confronts are to identify the correct
selection pressure for tuning a healthy syntrophic
interaction between the communities in such a
complex microbial environment.

References
1. Hari et al., Applied Microbiology & Biotechnology,
2016, 100, 5999.
2. Park et al., Water Research, 2020, 184, 116214.

Fig. 3. intensification of bioprocess engineering

Fig. 4. Microbial physiology in the system

Engineering microbiome for bioelectrochemical anaerobic 
digestion bioprocess
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Motivation
The application of biorefinery technologies based on
circular bioeconomy is growing worldwide because of
its economic and environmental benefits. Anaerobic
digestion (AD, Fig. 1) is a viable bioprocess for turning
waste into a resource (i.e., CH4). However, AD is
prone to process instability when treating high organic-
strength waste/wastewater due to metabolic imbalance
between syntrophic partner (fermenters and
acetoclastic methanogens) communities.
My research focuses on the development of hybrid
biotechnology by integrating microbial electrolysis cells
(MEC) with AD to improve process kinetics and
stability and produce high-quality CH4.

.

Fig. 1. Cartoon representing AD process

Scientific Challenge
A healthy syntrophic interaction is doable even at high
VFA concentration in MECs1. Integration of MEC with
AD (Fig. 2) helpful for controlling VFA accumulation
and maximizing CH4 yields by establishing niche
environments for energy generation through various
metabolic routes2.

Fig. 2. Cartoon representing MEC-AD process
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Electro-anammox: A novel anaerobic process 
for the oxidation of ammonium and resource 
recovery from wastewater

Nitrogen removal by Anaerobic ammonium oxidation
(Anammox) has several advantages over conventional
nitrification/denitrification process:

ü 100% decrease in carbon source demand
ü 60% decrease in oxygen demand (60% less energy)
ü 75% reduction in biosolids
ü Less/no N2O (GHG) emission

This novel process has important implications for resource
recovery from wastewater and achieving energy-efficient
treatment. However, ammonium removal is mainly limited
to anammox bacteria in direct contact with the electrode’s
superficial area (Figure 2), which slows the removal rates.
Therefore, efforts are currently underway to improve the
ammonium removal rates of the electro-anammox process
with the aim of scaling up this process for resource
recovery from mainstream and sidestream wastewater.
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Motivation

Challenge

The research on electro-anammox process aims to:

ü Integrate electro-anammox process into stage B of an A-
B process to achieve energy-neutral wastewater
treatment.

ü Enhance ammonium removal rates and removal
efficiency by using electrode materials with more
conductive surface area such as three-dimensional
porous micro-channelled electrodes.

Research goals

References
1. Shaw, D.R., Ali, M., Katuri, K.P. et al. Extracellular
electron transfer-dependent anaerobic oxidation of
ammonium by anammox bacteria. Nat Commun 11, 2058
(2020).

However, the process still requires aeration (energy
demand), and there is still competition for NO2- as electron
acceptor. Also, NO3- is a byproduct of the process that
requires post treatment.

My research focuses on Integrating Anammox with
bioelectrochemical systems (Electro-anammox). With
Electro-anammox process it is possible to anaerobically
remove ammonium without the need for partial nitritation
(no aeration is required), and with the possibility to recover
energy in the form of hydrogen (Figure 1).

Figure 1. Electro-anammox process

Figure 2. Spatial organization of anammox bacteria biofilm 
on the anode  
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Bio-hybrid catalysts for energy applications and 
conversion of CO2 waste to chemicals and fuels

Motivation
Bridging the nature’s wide variety of 

microorganisms such as bacteria with inorganic materials 
is a key to cutting edge catalysis and renewable 
technologies. These microorganisms possess diverse 
physicochemical properties that can be advantageous for 
several applications. 

In our group we developed a method to produce 
single-atom metal catalysts using the extracellular 
capability of Geobacter sulfurreducens.

My research focuses on hybridizing different 
extracellular electron transfer capable bacteria with 
inorganic materials such as precious metals and graphene 
oxide to obtain bio-hybrid catalysts.

Figure 1. Schematic of single atoms production using 
Geobacter sulfurreducens

Challenge
Hybridizing inorganic materials with bacteria to 

produce efficient catalysts is a challenge. For instance, 
bacterial production of metallic nanoparticles results in big 
particles, with lack of defined shape and uncontrolled size, 
thus making them inefficient catalysts. 

However, by exploiting the extracellular electron 
transfer capabilities of G. sulfurreducens we have been 
able to produce nanoclusters by controlling the size and 
shape of the particles, making them suitable for catalysis.

Figure 2. Palladium nanocluster in the surface of 
Geobacter sulfurreducens

Research goals
1. Synthesizing single-atom metal catalysts using G. 

sulfurreducens.

2. Improving catalytic activity of the single-atom 
metals by increasing single-atom metal forming 
sites in the surface of G. sulfurreducens.

3. Synthesizing size-controlled nanoclusters using G. 
sulfurreducens.

4. Producing reduced graphene oxide catalysts using 
different extracellular electron capable bacteria 
and compare their catalytic performance.

Single atoms                    Nanoclusters

G. sulfurreducens

Other extracellular electron transfer capable bacteria

Reduced graphene oxide
References

Pedireddy et al (2021). Advanced functional materials, 
31, 2010916.

PI: Pascal E. Saikaly
Team: Srikanth Pedireddy, Krishna Katuri

Email: rodrigo.jimenezsandoval@kaust.edu.sa

Rodrigo Jimenez Sandoval

Engineering anodic microbial community structure in 
microbial electrolysis cell for maximizing hydrogen 
recovery from wastewater
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Motivation
In microbial electrolysis cell (MEC, Fig. 1), electroactive
bacteria (EAB) are considered the key functional
microbiome responsible for oxidizing organic (e.g.,
acetate) and inorganic (e.g., ammonium) pollutants in
wastewater through electrogenesis process at the anode1.
The electrons and protons generated from the oxidation of
pollutants at the anode are then utilized at the cathode for
hydrogen generation. Since EAB represent the core of
MECs, maintaining functional stability (Coulombic
efficiency, current density, and pollutant removal) of MECs
depends on maintaining diverse and efficient EAB on the
anode biofilm. However, it is still unclear what triggers the
selection of EAB to become dominant at the anode of
MECs fed with wastewater.

.

My research emphasizes the role of bioaugmentation as
a strategy to enhance the functional redundancy of EAB
in the anodic biofilm and hence functional stability of
MECs for domestic wastewater treatment. Therefore, it is
crucial to investigate whether highly specialized and
efficient acetoclastic EAB competing for the same
resources (i.e., electron donor and acceptor) could co-
exist in the anode biofilm to successfully apply MECs for
wastewater treatment.

.

Research goals
Ø Investigate bioaugmentation (Fig. 3) with known

acetoclastic EABs (Geobacter sulfurreducens and
Desulfuromonas acetexigens) as a strategy to -

o enhance the anodic biofilm assembly
o reduce the influence of stochastic processes in anodic

biofilm assembly
o Improve recovery of MECs to shock disturbance
Ø Examine specific operational parameters that drive the

syntrophic relationship between fermenters and EAB

Fig. 1. Cartoon describing the microbial electrolysis cell
(MEC) and mechanism at anode and cathode.

Fig. 2. Cartoon representing the mixed culture
microbiome of anodic biofilm in MEC.

Fig. 3. Bioaugmentation strategy in MEC.

1. Katuri et al., npj Biofilm & Microbiome, 2021, 7, 47.

Scientific challenge
Acetate is a significant intermediate of fermentation of
organics in wastewater. The majority of EAB use acetate
(electron donor) as their carbon and energy source while
utilizing the anode as their electron acceptor. Acetate can
also serve as a primary substrate for other competing
bioprocesses (i.e., methanogenesis and sulfate reduction)
in wastewater-fed MECs (Fig. 2). These competing
processes might affect the enrichment of acetate utilizing
(acetoclastic) EAB as well as their activity at the anode
(i.e., current density and Coulombic efficiency). Therefore,
for the successful application of MECs for wastewater
treatment, it is crucial to investigate for strategies to
increase the enrichment of functionally redundant and
highly specialized and efficient acetoclastic EAB at the
anode biofilm.

Bio-hybrid catalysts for energy applications and 
conversion of CO2 waste to chemicals and fuels
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metals by increasing single-atom metal forming 
sites in the surface of G. sulfurreducens.

3. Synthesizing size-controlled nanoclusters using G. 
sulfurreducens.

4. Producing reduced graphene oxide catalysts using 
different extracellular electron capable bacteria 
and compare their catalytic performance.
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Marine anammox bacteria: energy-efficient  
treatment of saline wastewater 

Freshwater scarcity
As the demand on freshwater resources for potable and
non-potable uses increases due to the rapidly growing
human population, the per capita availability of
freshwater in many regions is likely to decrease.

Seawater is a resource
Over 50% of the world’s population resides within 60
km of the coast, and seawater can be directly utilized
for non-potable uses such as toilet flushing to reduce
the demand on freshwater resources.

Anammox as energy-efficient nitrogen removal
process
Anaerobic ammonium oxidation (anammox) is regarded
as one of the most energy-efficient process for nitrogen
removal from waste streams. Anammox can save more
than 60% of the energy used in aeration systems and
100% of carbon source demand when compared with
conventional nitrogen removal with
nitrification/denitrification process.

Challenge

Research goals

My research focuses on the development of a granular
partial nitritation/marine anammox system for the
treatment of saline wastewater.
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1. Development of granular marine anammox system 

Motivation

References
1. Ali, M., Shaw, D. R., and Saikaly, P. E. (2020).
Application of an enrichment culture of the marine anammox
bacterium “Ca. Scalindua sp. AMX11” for nitrogen removal
under moderate salinity and in the presence of organic
carbon. Water Res. 170, 115345.

ü Anammox process is a prerequisite for achieving a cost-
effective and energy-efficient treatment of nitrogen in
wastewater. However, saline wastewater produce
hyperosmotic stress to freshwater species of anammox
bacteria, affecting their performance.

ü Marine anammox bacteria are better suited for nitrogen-
rich saline wastewater treatment compared to freshwater
anammox bacteria due to their intrinsic tolerance to
salinity1. However, attempts should be made to
demonstrate the application of marine anammox bacteria
in granular biofilm systems. Also, nitrite supply or partial
nitritation is required to drive the anammox reaction.

2. Development of a single-stage partial nitritation/anammox 
process  
3. Analysis of microbial community ecology  

4. Adaptation of granular partial nitritation/marine anammox 
system to domestic wastewater conditions 

Increase of organics Pre-treated real wastewater
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Aerobic Granular Sludge (AGS) Process for 
Energy-efficient Treatment of Saline Wastewater

-

Motivation

Over 50% of the world’s population reside within a total
of 60 km of coastline, where seawater can be directly
used for toilet flushing to reduce dependence on
freshwater resources and desalination process. It is
also predicted that by the year 2100, the sea levels will
increase by at least one meter. The rise in sea level
will have a significant effect on low-lying countries and
coastal cities. Therefore, it will increase seawater
intrusion into the water lines and end up in the
wastewater treatment systems. To build a more
resilient wastewater treatment process, we want to
study the effect of seawater on the Aerobic Granule
Sludge (AGS) process. Understanding metabolic
processes and genetic activity in AGS can elucidate
key factors responsible for its robustness under saline
conditions.

(Technological or Scientific) Challenge
AGS system can treat wastewater rich in NH4+ and
PO4- very efficiently compared to conventional
processes. Osmotic stress produced by the increased
salinity levels in domestic wastewater streams can
negatively affect biological processes involved in
nutrient (N, P) removal. Therefore, it is imperative to
understand the response of key functional groups
involved in N and P removal in AGS systems treating
saline wastewaters.

Research goals

Our goal is to understand the physiological response of 
key functional groups in AGS system treating saline 
wastewater.  This goal will be achieved through a 
combination of batch testing, biokinetics modeling, and 
Omics tools such as meta-genomics and meta-
transcriptomics. 

PI: Pascal Saikaly
Team: Muhammad Ali
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Aerobic Granule Sludge (AGS) treating saline wastewater

Elucidating microbial community of 
Aerobic Granule Sludge (AGS)  treating saline wastewater
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Marine anammox bacteria: energy-efficient  
treatment of saline wastewater 

Freshwater scarcity
As the demand on freshwater resources for potable and
non-potable uses increases due to the rapidly growing
human population, the per capita availability of
freshwater in many regions is likely to decrease.

Seawater is a resource
Over 50% of the world’s population resides within 60
km of the coast, and seawater can be directly utilized
for non-potable uses such as toilet flushing to reduce
the demand on freshwater resources.

Anammox as energy-efficient nitrogen removal
process
Anaerobic ammonium oxidation (anammox) is regarded
as one of the most energy-efficient process for nitrogen
removal from waste streams. Anammox can save more
than 60% of the energy used in aeration systems and
100% of carbon source demand when compared with
conventional nitrogen removal with
nitrification/denitrification process.

Challenge

Research goals

My research focuses on the development of a granular
partial nitritation/marine anammox system for the
treatment of saline wastewater.

PI: Pascal Saikaly. 
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1. Development of granular marine anammox system 

Motivation

References
1. Ali, M., Shaw, D. R., and Saikaly, P. E. (2020).
Application of an enrichment culture of the marine anammox
bacterium “Ca. Scalindua sp. AMX11” for nitrogen removal
under moderate salinity and in the presence of organic
carbon. Water Res. 170, 115345.

ü Anammox process is a prerequisite for achieving a cost-
effective and energy-efficient treatment of nitrogen in
wastewater. However, saline wastewater produce
hyperosmotic stress to freshwater species of anammox
bacteria, affecting their performance.

ü Marine anammox bacteria are better suited for nitrogen-
rich saline wastewater treatment compared to freshwater
anammox bacteria due to their intrinsic tolerance to
salinity1. However, attempts should be made to
demonstrate the application of marine anammox bacteria
in granular biofilm systems. Also, nitrite supply or partial
nitritation is required to drive the anammox reaction.

2. Development of a single-stage partial nitritation/anammox 
process  
3. Analysis of microbial community ecology  

4. Adaptation of granular partial nitritation/marine anammox 
system to domestic wastewater conditions 

Increase of organics Pre-treated real wastewater

Email: julian.tobongonzalez@kaust.edu.sa

Research goals
Membrane aerated biofilm reactor using a hollow-fiber 
Zeelung membrane is employed to enhance 
simultaneous nitrification-denitrification, and to test the 
efficiency in the removal of 13 OMPs, including 
pharmaceuticals and EDCs.
This study aims to find a correlation between biofilm 
thickness and removal of OMPs, without compromising 
the degradation of organic carbon and nitrogenous 
nutrients.

Results
MABR was highly efficient in the nitrification-
denitrification process even at 0.2 µm biofilm thickness.

Increase of biofilm thickness improved nitrification-
denitrification and removal of biodegradable OMPs 
classified in the high removal and medium removal 
categories shown below. Removal was mainly 
achieved through hydroxylation. However, with thicker 
biofilm, oxygen limitation slowed down the removal 
rates of COD. A balance between the biofilm thickness, 
COD removal and OMP removal is essential. 

Membrane aerated biofilm reactor, correlation between 
biofilm thickness and organic micro pollutants removal

Challenge
Conventional wastewater treatments are poorly 
efficient in removing highly persistent and biologically 
active OMPs. Advanced treatments (i.e., ozonation, 
activated carbon) can generate toxic metabolites or 
require additional treatments to dispose secondary 
wastes, limiting the use of these technologies.

Nitrification has shown to support biotransformation of 
OMPs, through co-oxidation catalyzed by ammonia 
monooxygenase enzyme (AMO) (Men et al. 2017). 
Therefore, employing a membrane aerated biofilm 
reactor (MABR) to support nitrifying enriched biofilm 
could enhance the removal of recalcitrant OMPs.
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Motivation
Presence of organic micropollutants (OMPs), like 
pharmaceuticals, antibiotics and endocrinal disrupting 
compounds (EDC), in natural waters has become an
increasing concern due to their toxicity to aquatic 
organisms and high potential to impact drinking water 
sources.
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Removal efficiencies of microbial contaminants by 
Anaerobic Membrane Bioreactor (MBR)

Motivation
Membrane bioreactor (MBR) systems have effluents
with lower particulate matter, better removal of
bacterial pathogens, antibiotic resistant bacteria
(ARB), viruses and emerging organic contaminants
such as antibiotics and antibiotic resistance genes
(ARG) compared to conventional activated sludge
processes.

Although the mainstream MBR processes are
operated in aerobic mode, anaerobic membrane
bioreactor (AnMBR) has advantages over aerobic
systems in terms of its energy consumption, sludge
production rate. Nevertheless, evaluation of AnMBR
for its removal of microbial and emerging concern
contaminants is not well studied, and it is necessary to
assess the performance of these systems in a pilot or
full scale with the same influent.

Such study can allow us to gain more understanding
about the underlying microbial risks and ensure that
the reclaimed water generated from the AnMBR is
safe to reuse.

Scientific Challenge

Currently full scale aerobic MBR have been implemented
but few studies evaluate microbial contaminants removal
performance with real municipal wastewater for anaerobic
systems.

This study will assess a pilot AnMBR in terms of microbial
contaminants and ARG persistence in their effluents and
the possible relation with operational parameters. The
performance of this AnMBR will be compared against a
full-scale aerobic MBR receiving the same influent.

Research goals
Ø Evaluate the dynamics and persistence of 

enteropathogenic viruses, bacterial pathogens, 
ARB and resistome in aerobic and anaerobic 
MBR  with a metagenomic and  molecular 
approach  (qPCR)

Ø Analyze if there is a correlation between 
microbial contaminants removal and 
operational parameters of AnMBR and MBR 
systems.

Ø Compare the AnMBR and MBR systems in 
terms of removal efficiency and water quality

PI: Prof. Peiying Hong
Team: Jianqiang Zhou, Shuo Zhang 
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Fig. 1 Graphical abstract of A) operational
parameters to be assessed B) microbial contaminants
and ARG removal in AnMBR and AeMBR

A)

B)

UV/H2O2 to remove emerging contaminants from 
anaerobic membrane bioreactor (AnMBR) effluents

Motivation
Agriculture irrigation currently accounts for
approximately 70% of global freshwater withdrawals
1,2. Reusing treated wastewater for agricultural
irrigation is a potential solution to alleviate the demand
on freshwater supplies. Anaerobic MBR (AnMBR) has
been explored as a more sustainable way to treat
wastewater because of the recovery of methane as an
energy source and a low sludge volume production.
Emerging contaminants such as the presence of
residual antibiotic-resistant bacteria (ARB), antibiotic
resistance genes (ARG) and pharmaceuticals (CECs)
in treated wastewater effluent pose added risk
pertaining to increases in wastewater reuse.

Challenge and proposed strategy
UV can inactivate microorganisms and impede
horizontal gene transfer via conjugation and natural
transformation4-6.
UV alone cannot proficiently remove CECs. UV in
combination with H2O2 generates OH radials which are
highly oxidative and enhance CEC degradation.
We propose AnMBR effluent to be treated by UV+
H2O2 shown in Fig. 1. The effluent was spiked with
ARB, ARG, and CECs to test the efficiency of the UV+
H2O2 treatment at removing emerging contaminants.

Research results
ARB (E. coli PI-7) and ARG (blaNDM-1) were spiked at
108 and 1012 cells and copies /mL, respectively (Fig 2.).
• ARB: UV dose (mJ/cm2) for a 4-log10 removal

o 0 mg/L H2O2: 36 mJ/cm2

o 10 mg/L H2O2: 25 mJ/cm2

o 30 mg/L H2O2:  25 mJ/cm2

• ARG: maximum removal
o 0 mg/L: 2.1 LRV
o H2O2 not significant

The CECs were spiked at 50 𝜇𝜇𝜇𝜇g/L and Estrone removal
is shown in Fig. 3. Maximum removals were 30, 91,
and 92% for Estrone at 0, 10 and 30 mg/L respectively
at 311 mJ/cm2 of UV exposure.
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Fig 1. Experimental setup of AnMBR followed by UV +H2O2
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Conclusions
• UV/H2O2 is suitable for AnMBR effluent for emerging 

contaminant removal
• 207 mJ/cm2 and 10 mg/L H2O2 achieved

o 90% removal of CECs
o 5-log removal of ARB
o 2-log removal of ARG
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Fig 2. Inactivation of E.coli (A) and its plasmid associated ARG blaNDM-1 (B).

Fig 3. Estrone removal as a function of UV dose and H2O2
concentrations. 

Removal efficiencies of microbial contaminants by 
Anaerobic Membrane Bioreactor (MBR)

Motivation
Membrane bioreactor (MBR) systems have effluents
with lower particulate matter, better removal of
bacterial pathogens, antibiotic resistant bacteria
(ARB), viruses and emerging organic contaminants
such as antibiotics and antibiotic resistance genes
(ARG) compared to conventional activated sludge
processes.

Although the mainstream MBR processes are
operated in aerobic mode, anaerobic membrane
bioreactor (AnMBR) has advantages over aerobic
systems in terms of its energy consumption, sludge
production rate. Nevertheless, evaluation of AnMBR
for its removal of microbial and emerging concern
contaminants is not well studied, and it is necessary to
assess the performance of these systems in a pilot or
full scale with the same influent.

Such study can allow us to gain more understanding
about the underlying microbial risks and ensure that
the reclaimed water generated from the AnMBR is
safe to reuse.

Scientific Challenge

Currently full scale aerobic MBR have been implemented
but few studies evaluate microbial contaminants removal
performance with real municipal wastewater for anaerobic
systems.

This study will assess a pilot AnMBR in terms of microbial
contaminants and ARG persistence in their effluents and
the possible relation with operational parameters. The
performance of this AnMBR will be compared against a
full-scale aerobic MBR receiving the same influent.

Research goals
Ø Evaluate the dynamics and persistence of 

enteropathogenic viruses, bacterial pathogens, 
ARB and resistome in aerobic and anaerobic 
MBR  with a metagenomic and  molecular 
approach  (qPCR)

Ø Analyze if there is a correlation between 
microbial contaminants removal and 
operational parameters of AnMBR and MBR 
systems.

Ø Compare the AnMBR and MBR systems in 
terms of removal efficiency and water quality
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Fig. 1 Graphical abstract of A) operational
parameters to be assessed B) microbial contaminants
and ARG removal in AnMBR and AeMBR
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with lower particulate matter, better removal of
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Although the mainstream MBR processes are
operated in aerobic mode, anaerobic membrane
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systems in terms of its energy consumption, sludge
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Photoswitch Liquid Membrane Technology for Water 
Purification from Heavy Metals and their Recovery
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Motivation
Water heavy metal contamination is one of the most
critical environmental issues, a risk factor for illness,
diseases and death and contributing to the continuous
reduction of the available drinkable water worldwide.

Heavy Metals Treatment Project, Sagasiki Environmental Developments Co.

Not only water but also valuable raw materials can be
recovered from polluted water. The concept of
wastewater refinery introduces a new perspective on
wastewater treatment by co-producing different
worthful outputs, such as water, energy, raw materials.

(Technological or Scientific) Challenge
A Photoswitch is a type of molecule that can change
its structural geometry and chemical properties upon
irradiation with electromagnetic radiation. Azobenzene
has attracted increasing interest due to its reversible
structural change upon a light stimulus.

Taking advantage of this unique property, the
challenge is to develop Photoswitch molecules with a
defined structure and proprieties that create different
chemical environments in the two geometries, making
possible metal sequestration in E isomer and metal
release with Z isomer. Owing to the reversibility of the
Photoswitch a working cycle would allow metals
recovery from polluted water by a catch and release
strategy. Furthermore, light-driven processes are of
interest in environmentally friendly green scalable
industrial processes with great environmental benefits
because they avoid consumption of excess chemicals
and allow and the immense driving force possible.

Research goals
The first goal of this research project is to develop and
characterize Photoswitch molecules capable of
accomplish the catch and release strategy for trace
metals recovery from water allowing the reuse of the
metals and the water purification.

Next, we investigate Liquid Membranes Technology.
During the past two decades, liquid membrane
technology has grown into an accepted unit operation
for a wide variety of separations. Liquid membrane
technology makes it possible to attain high selectivity
and efficient use of energy and material relative to
many other separation systems. Thus, the second goal
of this research project is to develop a Liquid
Membrane System with the Photoswitch Molecules and
test these membranes for trace metals recovery from
polluted water.

(Ultra-)trace profiling of stable isotopes

Motivation

Following the fate of inorganic trace compounds during
processes in desalination, in biological systems,
mineral processing etc.,it is not only directly relevant
for metal recovery, but also contributes to
understanding underlying mechanisms.

i) Investigation of such compounds such as heavy
metal pollutants or potentially valuable rare
metals, in seawater, and wastewater - although
challenging due to the clogging and the need of
speciation;

i) Such as fundamental research towards transport
phenomena and fouling in membrane
applications.

PI: Geert-Jan Witkamp
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(LA)ICP-MS
challenges

Sample contamination

Lack of standards

Memory effects

Isotopic overlap

Matrix matching

Technological and Scientific Challenge

The Element XR HR-ICP-MS coupled ASI J200 Femto
QX Tandem laser ablation is able to resolve all of
mass overlaps and it can provide lateral resolution of 2
microns.

Quantitative 3D reconstruction of membrane scaling.

Remarks

LA-ICP-MS is a promising analytical tool with several
important applications in the field of desalination and
wastewater reuse.

Brine

Investigate 
membrane fouling

Observe rejection isotopic 
markers 

Detect rare metals

Seawater

Filipa Simoes

Approach
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“Alone we can do 
so little, Together 

we can do so much”   
-Hellen Keller
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Let us work together on transforming the Water Cycle.


