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ABSTRACT

Nowadays, two important issues to achieve sustainable development which need to be
urgently considered are water scarcity and natural resource depletion. According to UN 2006,
around 700 million people in 43 countries suffer today from water scarcity. Besides, due to the
population growth, natural non-renewable resources are forecasted to be depleted in the coming
vears. Therefore, wastewater is now recognized not only as a needed treated resource but also as
a ‘“renewable” resource, in which valuable components can be recovered. A number of
technologies have been recently investigated to achieve the objective of valuable resources
recovery from wastewater in order to reduce water scarcity, resource depletion, preserve the
environment and reduce the cost of wastewater treatment. This paper reviews treatment methods
for water reclamation, acid/base regeneration from wastewater and phosphorous recovery from
municipal wastewater to achieve sustainable development. The treatment options are discussed
and novel treatment processes are proposed based on a literature review.

Keywords: Water reclamation; phosphate recovery; acid/base regeneration, wastewater;
renewable resource.
TOM TAT

Ngay nay, hai vdn dé quan trong dé dat dwoc sw phét trién bén viing can dwroc xem xét 1
tinh trgng khan hiém nuéc va can kiét tai nguyén thién nhién. Theo UN 2006, khodng 700 triéu
nguroi tai 43 quoc gia bi dnh hweng béi tinh trang khan hiém nuwéc. Bén canh dé, cing véi viéc
tang déan so, cac nguon tai nguyén thién nhién khong tai tao diroc duw bdo sé can kiét trong
nhitng nim t6i. Do dé, nuéc thai hi¢n nay khong chi diroc coi 1a nguon meéc can xii 1y ma con
la mgt nguOn tai nguyén c6 kha nang thu hoi dwoc. Mgt sé cong nghé gan day da dwoc nghién
Cieu dé dat dwoc myc tiéu thu hoi tai nguyén co gia tri tir nwéc thai nham giam s khan hiém
nudc, can Kigt tai nguyén, bao vé moi truong va giam chi phi xi [y nwoc thai. Nghién cizu nay
xem xét cac phwong phdp xur Iy dé tai sir dung nudc, tai tao axit / bazo tir nudc thai va thu hoi
phat pho tir niedc thai dé thi dé dat dwoc phét trién bén vieng. Cac phuwong phdp xit Iy dwoc thao
lugn va tir d6 dé ra phwong phdp méi dira trén viéc xem xét tong quan.

Tir khoa: Tdi sir dung nude; thu hoi photphate, tdi tao axit/bazo; meéc thai; tai nguyén cé kha
nang tai tqo.

increased to meet the demand. This leads to
the opinion of one-time using water should be
changed in many water stressed regions [2].

1. INTRODUCTION
Due to the global warming and

population growth, many parts in the world
are now facing a water crisis and depletion of
natural resources. The world population is at
around 7.2 billion in 2013 and will reach 8.1
billion in 2025 [1], therefore, the volume of
water and the amount of resources need to be

In the past, the goal of the wastewater
treatment plant is to protect the environment
and public health. However, wastewater is
now recognized not only as a needed treated
resource but also as a “renewable” resource to
recover valuable components [3]. These
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components such as water, noble metals,
regenerated acid, base from corresponding
salt in industrial wastewater, nutrients
(phosphorus, nitrogen), and energy can be
recovered from domestic wastewater,
industrial wastewater and concentrated
streams  from reverse osmosis and
nanofiltration. By utilizing this recovery
approach, not only the maximal benefits for
resources availability and quality can be
achieved but also the negative impact of
wastewater on the environment is reduced [3].

This review aim to provide (i) an
overview of water reclamation, (ii)
description of acid/base regeneration from
wastewater, (iii) phosphate recovery and (iv)
proposals for treatment options based on
literature reviews.

2. WATER RECLAMATION

Many water reclamation and reuse plants
are built in water stressed areas such as
Belgium, Singapore, United States, Australia,
Mexico, and others (Levine and Asano,
2004). NEWater in Singapore is also using an
advanced system consisting of a dual
membrane microfiltration/reverse 0smosis
and UV technology to reuse the brine of an
RO system. to increase RO recovery up to
95% [4]. In the United States, the Oregon
County Water District has been using
reclaimed water for California’s indirect
potable water supply by recharging into
ground water since 1962 [5].

Table 1. Summary of water quality and
treatment methods for water reuse

Treatment methods _ Water reuse Reference
Secondary treatment  Non potable water  [10]
(biological, oxidation,  reuse: restricted

disinfection)

Water Quality
Black water Low quality: high
from toilet, level of organics,

Kitchen, pathogens
centralized

treatment

facilities

landscape
impoundments,
groundwater recharge

of non.petable

aquifer

Toilet flushing, food

crop irrigation

Non potable water _[6]
reuse: Toilet

fushing intigation  ~pygy

Tertiary, advanced
treatment

Physical method +
disinfection;

Grey water
from shower,
‘bath room,

laundey quality

Moderate quality:
medivm organic
‘Chemical method
Biological method

loading, variable

‘Advanced treatment
(MBR)

Tndustrial water  Variable  quality Physical + chemical  Waterrecyclingin  [12]

depending on the methods (e.g. with industry

manufacturing area  beverage industry

treatment)

High level of sali,  Chemical methods

stream from. metals (oxidation)

RONF Membrane separation
ED)

Potable water reuse  [7]

Concentrate Potable water reuse _[S], [13]

Wastewater reclamation can be used for
either non-potable or potable applications.
Non-potable reuse systems have lower
requirements than potable systems. The
typical technologies for water treatment and
reuse for non-potable purpose often include
physical, chemical and biological systems.
March et al., 2004 [6] reported that
wastewater from a hotel after treatment by
nylon sock type filters, sedimentation and
disinfection could be used for toilet flushing.
Li et al., 2008 [7] used a submerged spiral
wound ultrafiltration module for non-potable
reuse. A high efficiency (83.4%) of total
organic carbon (TOC) removal could be
achieved. Besides, 95% DOC removal was
observed within 6 h by applying FeCls
coagulation and photocatalysis (UVC/TiO)
[8]. Moreover, Gross et al., 2007 [9] also
developed environmentally friendly method
to reuse wastewater for landscape irrigation
purposes. The system was denoted as a
'recycled vertical flow constructed wetland’,
in which a vertical flow constructed wetland
and water recycling were combined. The
system had a good efficiency of removing all
the suspended solids and BOD, and about
80% of COD after 8h, but not all fecal
coliforms. Although black water is very dirty
with lots of contaminants, it was also
considered as a non-potable water reuse after
being treated [10]. Pidou et al. in [11] applied
coagulation and a magnetic ion exchange
resin to treat shower wastewater. The removal
efficiencies were 63.7% for chemical oxygen
demand (COD), 88.8% for biological oxygen
demand (BOD), 90.8% for turbidity, 12.8%
for total nitrogen and 94.6% for phosphate by
coagulation with aluminum salt at the optimal
conditions. Besides domestic wastewater,
industrial wastewater was also studied by
applying physical and chemical method for
water recycling in that industry, i.e beverage
[12]. Recently, due to the increasing demand
of water reclamation for potable reuse,
reverse osmosis (RO) and nanofiltration (NF)
are more and more used. However, large
volumes of RO concentrates containing high
salt concentrations along with calcium,
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magnesium and organic matter are discharged
to the environment. Zhang et al in [13] used
electrodialysis to separate ion from
wastewater into dilluate and concentrate
stream and used dilluate stream as product
water for recycling. Water reuse can also be
achieved from the brine of these membrane
technologies for increasing the recovery of
membrane systems and to reduce the impact
of pollution.

3. ACID/ BASE REGENERATION

It is well known that a waste stream such
as the pickling liqguor from metal
manufacturing contains high concentrations
of acids and metals such as Fe, Cu, Ni, and is
considered hazardous. Various methods such
as pyrohydrolysis, solvent extraction, ion
exchange and membrane separation can be
used to recover inorganic acid from this waste
and prevent environmental pollution when
discharged [14].

In a fluidized bed for acid regeneration by
pyrohydrolysis process, hydrochloric acid and
iron oxide are converted from spent liquor in
the presence of water vapor and oxygen at
850°C:4 FeCl, + 4 H,O + O,> 8 HCl + 2
Fe,Os; [15]. Additionally, regeneration of
spent HCI acid can be also obtained in a spray
roasting reactor at a lower temperature
(450°C). With the heat, MgCl,.6H,0 reacts
with water vapor to become MgO and HCI
following the equation: MgCl, + H,O >
MgO + 2 HCI [16]. However, it is expensive
to apply pyrohydrolysis to regenerate acid due
to the high energy consumption.

Many studies were also carried out to
investigate the recovery of acid from waste
solutions by solvent extraction. This
technology is suitably used when the waste
solutions have high concentrations of
contaminants and for large scale operation
[14]. Agrawal et al., 2008 [17] used
tris-2-ethylhexylamine (TEHA) to extract
acid from zinc bleed stream. An increase in
solvent concentration led to an increase in
extraction capacity of H,SO,.
Recovery/removal of hydrochloric acid from
leach liquor using solvent extraction method

was also studied by Sarangi et al. [18], in
which Alamine 336 (tri-octyl/decyl amine),
Aliquat 336 ((R3NCH3)+ClI-,
R = octyl/decyl), TBP (Tri-n-butyl
phosphate) and Cyanex 923 were extractants.
The acid from the loaded organics of these
extractants was easily stripped with water,
except for Aliquat 336. Solvent extraction can
be an effective method to recover acid from
waste streams; however, there are also some
impurities such as heavy metals in the product
due to the co-extraction; with 75% of TEHA
concentration, about 1-2% of zinc was
extracted [17].

Besides the acid recovery from the acid
waste, acid and base also can be generated
from salty wastewater. A treatment process
with  bipolar membrane electrodialysis
(EDBM) not only removes the salt from the
wastewater to control pollution but also
produces acid/base from the corresponding
salt. Acid and base recovery from wastewater
by electrodialysis with bipolar membranes is
one of the most promising applications to
control water pollution and to achieve
sustainable development [19]. EDBM with a
two compartment cell (bipolar
membrane/cation exchange membrane) was
studied by Lameloise and Lewandowski,
2012 [20] to recover L-malic acid from a
by-product of alcohol fermentation containing
mainly sugars, alcohols, minerals, malate and
other organic salts with a current efficiency of
87-97%. The L-malic acid recovery was
93-97% and the energy consumption was
1.15-1.27 kWh/kg L-malic acid. Yang et al.,
2014 [21] also used EDBM to regenerate 1 M
mixed acid and base from RO concentrate
generated in a seawater desalination system at
a current density of 57 mA/cm?, flow rate of
0.3 L/h and effective membrane area of 88
cm?® The recovery efficiency for acid and
base from these studies was high and the
energy consumption of EDBM was low,
which proves that EDBM is feasible to
regenerate acid and base from wastewater.
However, if the feed solution is diluted, the
energy consumption is high and therefore, it is
not economical to apply EDBM. Moreover,
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membrane fouling is one of the difficulties to
recover acid and base due to hydroxide
precipitation from the base stream of
multivalent metal ions such as Ca®*, Mg,
Zn**, Cu®, Pb*, Ni**, AI**, Fe** and Cr®*on
the ionic membrane [19].

4. PHOSPHATE RECOVERY

Phosphorus (P) is an essential and limited
element, therefore phosphate recovery from
wastewater is to be considered an important
aspect in sustainable development [22]. The
most developed technique that can be applied

to recover phosphate IS
precipitation/crystallization as struvite and
calcium  phosphate  [23-25].  Calcium

phosphate can be directly used in the
phosphoric acid and fertilizer production.
Struvite can be formed by addition of
ammonia and magnesium to phosphate to
obtain a precipitate of magnesium ammonium
phosphate (MgNH4PO4) and has a slow
release mechanism.

However, this precipitation technology
still  has drawbacks since low feed
concentrations lead to low supersaturation
levels, and a low efficiency. The minimum P
concentration required for good precipitation
is 50 mgP/L at neutral pH [26], while the
concentration of phosphate in municipal
wastewater is low (from 185 to 48.3
mgP/L[27]. Consequently, to achieve a high
recovery efficiency, new techniques are to be
developed in order to concentrate phosphate
prior to the precipitation process.

Biological treatment [28], adsorption
[29-30], ion exchange [31-32] and
nanofiltration [33-34] are common methods
to concentrate and recover phosphate from
wastewater. One of the most promising
technologies to overcome these constraints is
electrodialysis, a non-pressure driven
membrane process in which ion exchange
membranes are arranged under an electrical
field [35]. It is wused for desalination,
concentration of ions from a solution [36],
and production/recovery of acid and base
from corresponding salts with bipolar
membranes  [19], [37-38].  Recently,

electromembrane processes have been studied
to recover phosphate from nanofiltration
concentrate by using an electrophoretic
system with one cation exchange membrane
between a cathode and an anode. The increase
in pH at the cathode due to the reaction: 4 H,O
+4e- > 40H + 2H,causes a shift from
H,PO, ions to mainly HPO4* or PO, ions,
which led to higher supersaturation and
therefore precipitation of calcium phosphate
occurred [39]. In another application,
phosphate from anaerobic potato processing
wastewater was recovered as struvite by a
selectrodialysis and a struvite reactor [40].
These examples prove that electro-membrane
processes are feasible to recover phosphate
from  wastewater; however, optimized
operation parameters such as pH, initial
concentration or current density and other
effects of competing ions in the wastewater
should be further determined.

5. PROPOSAL FOR RECOVERY

Although water reclamation, acid/base
regeneration and phosphorus recovery have
been already studied, the technologies still
remain some difficulties such as scaling on

the membrane, and low phosphate
concentration leading low precipitation
efficiency.

With water reclamation and acid/base
regeneration, it is necessary to have a
pretreatment method to reduce the scaling
potential such as the precipitation of metal on
the ionic membranes surface in electrodialysis
and bipolar membrane electrodialysis. In view
of phosphate recovery, higher phosphate
concentrationis needed to obtain calcium
phosphate precipitation.

To precipitate hardness and metal which
is scaling potential, conventional precipitation
and ion exchange are normally used. However,
they have some drawbacks such as sludge
production, longer contact time, complicated
system and expensive. The fluidized pellet
reactor can overcome the difficulties of the
conventional precipitation method and of ion
exchange resins. It has been proven to be
efficient in removing hardness (calcium and
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magnesium) from water for drinking water
[41], phosphate recovery [42], fluoride and
metal removal [43-44]. This is a cylindrical
reactor with a height ranging from 5 to 10 m
and a diameter of 1.5 to 3 m, containing
seeding material, which is usually garnet sand
with diameter from 0.2 to 0.6 mm. The water
is pumped through nozzles at the bottom and
upwards in the reactor at the superficial
velocity varying between 80 to 100 m/h so
that the pellet can be fluidized [45]. In this
zone, the water is mixed with a caustic reagent
(NaOH or Ca(OH),). After crystallization on
the surface, the pellets become heavier (to a
maximum pellet diameter of 1 mm), then sink
to the bottom of the reactor, from where they
are regularly discharged and replaced by fresh
seed material.

Besides that, to increase the phosphate
concentration, Selectrodialysis is a novel
electrodialysis system in which a monovalent
selective anion exchange membrane (MVA) is
set between cation exchange membrane (CM)
and anion exchange membrane (AM) to
fractionate multivalent anions from the
solution, dividing the stack into three kinds of
compartments: feed, product and brine [13].
Due to the applied electrical field, the anions
(chloride, nitrate, sulphate, carbonate and
phosphate) move across anion exchange
membranes while the cations (sodium,
potassium, calcium and magnesium) move
across cation exchange membranes. Since
monovalent  selective anion exchange
membranes are set between anion and cation
exchange membrane, the multivalent ions
such as sulphate, carbonate and phosphate are
kept in the product compartment (Fig. 1). The
objective of selectrodialysis application is to
concentrate divalent anions while to reduce
the monovalent ions in the product

compartment based on the integration of a
monovalent  selective anion  exchange
membrane.

Cathode I K*

ERS I
CM

Feed Product Brine Feed Product Brine

Fig. 1. Schematic diagram of a
selectrodialysis stack

From the aforementioned things, the novel
technology by applying the pellet reactor and
selectrodialysis as pretreatment method is
proposed to obtain the resource recovery from
wastewater.

6. CONCLUSION

Extracting resources from wastewater has
become essential for sustainable development.
Several researchers have already investigated
current options. To meet the environmental
aspect in sustainability, the wastewater should
be considered as a renewable resource for
water, nutrients and other materials in the
future. The integrated system comprising
conventional methods (physical, chemical
and biological methods) and advanced
methods (MBR, EDBM...) was technically

feasible in recovering resources from
wastewater, reducing water  pollution,
preventing eutrophication and yielding

valuable and sustainable products.
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