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ABSTRACT

The production of potable water from brackish water, tertiary treatments of treated wastewa-
ters for irrigation and other allowed uses, and several industrial processes which use recy-
cled water are the most important applications of electrodialysis (ED). During the last years,
the number of pilot initiatives focused on renewable energy powered desalination has
grown, being one of the most promising combinations of the ED powered by photovoltaic
(PV) systems. ED combined with renewable energies becomes attractive for being a mature
technology, which requires direct current (DC) power and is easily adapted for variable
energy conditions. The present paper shows the design, installation, testing, and monitoring
of a 100% isolated PV-ED system which is feasible for a commercial scale. The testing tasks
have been performed in a 4m>®/h commercial-one stack electrodialysis reversal plant pow-
ered by two solar PV fields in parallel. For the DC energy required in the stack, a solar PV
field has been designed and tested. It permits modulation by different solar panels connec-
tions, and thus makes possible to maintain the output current according to the real solar
radiation and different raw water salinity.
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1. Introduction

Fresh-water and reclaimed water are more and more
required resources in industrialized countries. The incre-
ment of population, services, irrigation, environmental
risks, and climate change is reducing the water availabil-
ity per person. This matter is particularly critical in
developing countries. In regions where the scarcity of
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water resources goes in parallel with the availability of
renewable energy, a common strategy is to enlist local
energy resources in order to provide water [11].

The production of potable water from brackish
waters, the tertiary treatments of wastewaters for irri-
gation and other allowed uses, and several industrial
processes which use recycled water are the most impor-
tant applications of electrodialysis (ED) [2—4]. In gen-
eral, ED is an electrochemical separation process that
utilizes a direct current (DC) electric field to remove the
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salt ions in the saline water. This saline solution is
forced to pass between several pairs of ions selective
membranes (cation and anion membrane cell pairs).
Ions are removed from the brackish water through the
membranes; as opposed to other membrane processes
where the water passes through the membrane. A mod-
ern concept of this technology for industrial purposes
is called electrodialysis reversal (EDR). In this case, the
polarity of the DC field (anode and cathode) is inverted
from twice to four times per hour for preventing scal-
ing. During this polarity inversion, the product and
concentrate channels are exchanged.

ED combined with renewable energies becomes
attractive for being a mature technology, which
requires DC power and being easily adaptable for vari-
able energy conditions. The technology shows good
flexibility and smoothly adaptation not only with wind
energy [5], but also with solar photovoltaic (PV) [6-8].
In both cases, a similar behavior of the plant is detected
when it has been connected to the electrical grid.

Most of the off-grid pilot ED experiences tested
have been done with solar PV [9,10]. PV energy pro-
vides two great advantages in terms of being connected
to ED. The first one is the possibility to directly power
the ED stack. In addition, the excess of energy can be
stored in batteries to be used as an energy back-up sys-
tem or can be converted into AC by means of inverters
to power the pumping and control devices. The second
one is its modularity and the possibility of connecting
more or less PV modules to increase the water quality
or to counter a decrease in solar irradiation. One of the
consequences of connecting an ED plant to a batteryless
system is that the water production and quality varies
with the solar radiation. An advantage of this solution
is related to reduction of environmental topic and
increase the sustainability of the process [8].
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The objective of the present work is to disseminate
the preliminary results of the design and testing of an
isolated 4m>/h commercial EDR plant driven by solar
PV energy, installed in the Instituto Tecnolégico de
Canarias—ITC facilities in Pozo Izquierdo—Gran Cana-
ria island (Spain) [11]. Two PV fields support the total
energy required for the EDR unit. The first one pro-
duces DC electric energy, which is used directly in
the stack without batteries. The second one consists of
batteries, regulator, and inverter for producing AC
electric energy used in water pumping, valves, and
24/365 control.

2. EDR-PV system description
2.1. EDR unit

The EDR wunit presented in this paper was
designed to treat brackish water driven by wind
energy within seawater desalination with an autono-
mous wind energy system (SDAWES) project, co-
financed by the JOULE III Program of the European
Union [12]. This initiative tested a wind-powered
desalination prototype in the facilities of ITC in Pozo
Izquierdo (Gran Canaria Island). This EDR plant
(Aquamite V-II, Ionics) had two membrane stacks
(four hydraulic stages and two electrical stages per
stack) and a nominal capacity of 2 x 96 m>/d.

For this new experience with solar PV integration,
some hydraulic modifications have been done to work
with one stack (4m®/h nominal capacity). Fig. 1
shows the modified EDR plant flow diagram and
Figs. 2 and 3 show views of the plant.

The product flow rate and the pressure required
for operation are controlled by means of the feed
pump; a recycled concentrate flow is moved from the
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Fig. 1. 4m>/h EDR plant flow diagram.
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Fig. 2. EDR plant general view.

Fig. 3. EDR stack during maintenance tasks.

stack with a brine pump. The pumps are controlled
by variable frequency drivers which change pumps
speed to control feed pressure and the stack inlet dif-
ferential pressure, respectively.

The EDR unit is powered and controlled through
electrical and control systems. The plant is controlled
by its own programmable logic controller (PLC) con-
troller, which is responsible for the operating mode
with PV (DC/AC) and transferring the operation data
to a data acquisition system.

The stack used is the initial installed within
SDAWES project (1999). The EDR plant used special

spacers (third generation) to provide high efficiency to
the stack. Additional information on the specifications
of the EDR unit is given in Table 1.

2.2. Solar PV systems

The solar PV system is composed of two different
solar fields, which produce the total energy required
for the EDR unit. The energy produced by a 5.8 kW
peak power PV field is used in feed and concen-
trated pumps, valves and 24/365 control, and a direct
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Table 1

EDR plant technical specifications

Technical specifications

EDR plant

Input power

Full load current

Feed pump power

Brine pump power

Max. Feed flow (1 stack)
Nominal product flow (1 stack)
Min. product flow (1 stack)
EDR stack

Hydraulic stages

Electrical stages

Stage 1

Stage 2

No. of cell pairs

Cell pairs configuration
No. of anionic membranes
No. of cationic membranes
No. of spacers (Mark IV)

Parameters

380V, 3-phase, 50Hz
140 A

4kW

3kW

122 m®/d

4m®/h

3m3/h

4

2

132 Vdc, 46 A max.
91 Vdc, 16 A max.
340

95/75//95/75

340

336

680

connection batteryless PV field is used for producing
the DC electric energy which is used directly in the
EDR stack.

The first PV field was designed under conven-
tional off-grid criteria and consists of PV panels with
solar tracking systems (for other research topics in
parallel), a battery bank, and charger/inverter device

Fig. 4. Solar PV field for AC electric energy.

for producing AC electric energy. Fig. 4 shows a view
of the field and Fig. 5 shows a picture of the batteries.
Three solar tracker generators in parallel—28 modules
HIS-M206SF/206 W supplies energy to the off-grid
AC/DC electric network—composed by a 800Ah
(C10) battery bank (FIAMM-OPzS stationary lead-acid
battery vessels) for 7h of autonomy and a charger/
inverter equipment with a nominal power of 9kW.
The electronic devices make possible that the PV field

Fig. 5. Battery bank.
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works at the maximum power point [8], and it allows
modulating the output AC signal required in the EDR
plant (3phases-400 VAC).

This electricity is used to power the PLC, to drive
the EDR unit to provide water circulation and chemi-
cal dosing and also to drive the motor-operated
valves.

The DC electric energy supply for EDR stack was
designed under variable conditions without batteries
and regulation. The PV field produces energy that is
used directly in the two electrical stages of the stack.
According to that, the PV field is modular and actu-
ally consists of two PV fields. The design criteria and
modular configuration of both depend on the voltage
drop, due to the stack (concentrations and mem-
branes) resistance, and the current required by each
electrical stage. The total energy required per electrical
stage for the transfer of ions from feed to the concen-
trate channel is given by the total voltage drop
encountered between the electrodes multiplied by the
current passing through the stack. So that, for a given
brackish water concentration and target product salin-
ity, the required DC electric energy is directly propor-
tional to the current density [2].

The size of the variable PV fields (kWp) and the
instantaneous control of required DC energy are
under patent registration study.

For this experimentation, the first electrical stage is
connected with a 2.45kWp PV field (12 PV panels/
HIS-M206SF /206 W—35° inclination) and the second
one is connected with a 1.24kWp PV field (6 panels/
HIS-M206SF /206 W—35° inclination) at the maximum
power point (see Fig. 6 and Table 2). These fields are
designed with the aim of changing instantaneously
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Table 2
Solar PV field maximum power values (G=1,000W/ m?)

Technical specifications Parameters

Solar PV 1—Electrical stage 1 (DC)

Voltage (V) 110
Current (A) 22.52
Solar PV 2—Electrical stage 2 (DC)

Voltage (V) 83
Current (A) 22.38

their PV panel configuration, i.e. PV field modulation
(PVEM) according to the solar irradiation for working
in maximum power point and obtaining the best
product salinity in any case.

It has been designed and configured five possible
PVFMs (1,2...,5). Each of them is able to work at differ-
ent Ip—V values depending on the serial-parallel PV
arrangement. For a wide range of solar irradiation
(G=250-1,100W/m?2), the PV field is able to operate
with the EDR plant obtaining a desired and good prod-
uct quality depending of the PVFM used in each instant.

2.3. Integration and Control system

Both EDR plant and PV fields are controlled using
electrical devices and the PLC controller. Different
electrical boxes for controlling the AC/DC energy pro-
duced have been installed. The PLC is responsible of
the operation of the EDR plant (pumps, valves, and
stack) and the selection of the adequate PVFM (one
option among five possible ones). Besides, the data

Fig. 6. Solar PV field for DC electric energy.
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are registered in a datalogger multifunction. In fact,
the PLC has been programmed according to the logic
design of deciding in an automatic way or under
manual instructions of changing the PVFM according
to the G value for working in the point of maximum
power and obtaining the best product salinity in any
case.

3. Results and discussion

Once the wind-EDR [4] system was modified in
order to operate the EDR plant driven by off-grid PV
fields, an indepth testing process was carried out. The
main aim of this experimentation was to obtain the
effect of G, feed water quality and PVFMs behavior
over the fresh water produced (quality and quantity).

All the tests were carried out using different artifi-
cial brackish water concentrations (from 3,500 to
5300pS/cm feedwater conductivity) and the plant
was tested with variable and constant (600 and
800W/m?) solar irradiation. For these tests, the raw
water and brine recirculating flows were constant and
equal to 6,000 and 2,0001/h, respectively. The AC
energy consumption was 3,260 Wh (63/37% for feed-
ing/recirculating pumping); energy supplied by AC/
DC PV field is described previously.

3.1. Influence of the solar irradiation (G) over the designed
PVFMs

In order to observe the influence that G and the
defined PFVMs have over the product quality and the
operation of the EDR stack, similar tests in consecu-
tive days were carried out. These tests consisted of
operating the EDR plant among the whole day with
different PVFMs with a 5,300 uS/cm feedwater solu-
tion. By this, for each modulation and G the operating

35,00

O PVFM1
o PVFM3

5\ PVFM2
o PVFM4

PV Current 1 [A]

500 700

Irradiation [W/m?]

1000 1100
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variable data and the product quality (conductivity)
were registered. Thanks to these registers, it has been
possible to obtain for each solar irradiation, the PVFM
that allows obtaining a product with a desired con-
ductivity.

In Figs. 7 and 8, it can be seen the evolution of the
product conductivity and the DC current across the
electrical stages of the EDR stack for a time between
polarity changes (tppe= 15min). The transitory informa-
tion (data allocated between the change of polarity
and until the product off specification [offspec] con-
ductivity is reached) has been omitted. This time of
offspec is the period until the product conductivity is
under a set value that can be assumed as correct;
(1,500 uS/cm in this case).

The dispersion that Fig. 7 shows is due to the tran-
sitory effects that take place inside the EDR stack until
the stationary state is reached. Once the stationary
state is reached after each polarization change, it is
possible to obtain desired product conductivities for
each irradiation value by means of choosing one
PVFEM or another one.

1500
1400 i
1300 [o o
1200
1100

OPVFM1 & PVFM2

Product conductivity [uS/cm]

o PVFM3
400

> PYFME

500 700

Irradiation [W/m?]

Fig. 7. PVFM and G (W/ m?) vs. product conductivity (feed
water conductivity =5,300 pS/cm).
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o PVFM4
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6,00

PV Current 2[A]
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Irradiation [W/m?]

Fig. 8. PVFM and G [W/ m?] over the DC current across the EDR stack (feed water conductivity = 5,300 pS/cm; Current 1:
Solar PV field—Electrical stage 1; Current 2: Solar PV field—Electrical stage 2).
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Fig. 8 shows a linear and direct relation between G
and the Ipc across the both EDR electrical stage. It is also
possible to see that PVFM1 and PVFM2 configurations
allow obtaining higher values of current at the electrical
stage 1 of the stack. There are no important differences
in the second electric stage between the possible PVFMs.

3.2. Influence of the feed water quality

In order to determinate the influence that the con-
ductivity of the feedwater has over the electrical oper-
ating data and the quality of the product water,
similar tests (Seen Fig. 7), were carried out for a
3,500 pS/cm feeding solution. The results, once the
stationary state (after the polarity change) is reached,
are shown in Tables 3 and 4.
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As it can be seen in Tables 3 and 4, it is possible to
obtain certain product conductivity depending on the
raw water conductivity, the solar irradiation, and the
PVFM. As a preliminary conclusion, the proposed
PVFM are able to desalt solutions which conductivity
is lower than 5,000 uS/cm for irradiation higher than
600 W/m” and that EDR operation can quickly adapt
to the available irradiation.

The influence of these variables (G and PV config-
urations) for fixed feedwater conductivity can be seen
at Fig. 9.

3.3. Effect of the polarity change over the DC PV field

An important issue, not very studied at EDR field,
is the effect that the time assigned for the polarity

Table 3
Influence of the feed water conductivity (uS/cm) at high irradiation G range (W/m?
Feed conductivity (uS/cm) G (W/ m?» PVEM No. Ipo
(A)
3,580 800 1 17.8
3,431 800 2 17.9
3,508 798 3 15.5
3,466 798 4 15.5
3,421 803 5 11.2
5,364 800 1 20.7
5,331 801 2 229
5,078 792 3 19.1
5,337 797 4 20.4
5,299 800 5 13.4

Ipca  DC Power (kW)  Product conductivity (uS/cm)
(A)

3.8 2.11 114
2.7 1.98 229
52 1.67 169
4.1 1.47 401
5.9 0,94 740
6.9 1.97 1,165
7.0 2.11 1,186
7.1 1.75 1,360
6.7 1.76 1,390
6.1 0.94 1,831

Notes: The DC current is presented in absolute value;Both DC current and product conductivity values presented are the most represen-

tatives along several polarities.

Table 4
Influence of the feed water conductivity (uS/cm) at medium irradiation range (W/m?)
Feed conductivity(uS/cm) G (W/ m?) PVFMNo. L
A)
3,582 581 1 15.3
3,500 611 2 16.0
3,581 587 3 14.9
3,400 600 4 14.4
3,558 607 5 11.5
5,298 600 1 15.8
5,291 611 2 15.7
5,292 600 3 15.2
5,289 598 4 15.0
5,279 611 5 13.6

I, DC Power (kW)  Product conductivity (uS/cm)
(A)

5.3 1.49 297
3.2 1.64 314
5.4 1.42 351
4.2 1.32 484
5.5 0.89 851
5.3 1.03 2,239
5.3 1.04 2,360
52 098 2,365
5.1 0.94 2,413
5.1 0.86 2,411

Notes: The DC currents are in absolute values;

Both DC currents and product conductivity values presented are the most representatives along several polarities.
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Fig. 9. Influence of PVFM and G [W/m? over product
conductivity (feed water conductivity = 3,500 uS/cm).

change has over the EDR overall resistance stack, the
electric consumptions, or the offspec time. Alternating
the polarity means maintenance of pH stability in all
cell compartments and therefore effective confronta-
tion of the undesirable phenomena of scaling [13].

Table 5
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Usually, the time between two consecutive polarity
changes is from 15 to 30 min [14].

The Table 5 shows the offspec time, t,s, when a
3,500 uS/cm feed solution is used, working at constant
G (805-840 W/m2) and PVFM2 array configuration. In
addition, Table 5 also shows the maximum Ipc
reached when the polarity changes.

One of the main conclusions obtained from these
tests is the influence that the increase of the t,p. has
over the t,p. It can be seen that the higher time
between polarity changes, the higher offspec time is
obtained. However, an increase in the offspec time is
not significant (only 4s when the f,,. is increased
from 6 to 18 min). This leads to think that it is better a
higher tp,. in order to have a higher production on
specifications (i.e when tpp. is set at 6 min, there are
297s of offspec flow in an hour; but when 18min is
set, there are just 105s of offspec flow).

The lower limit for #,,. has been set at six minutes
due to the fact that until this time, the EDR plant is
not stabilized as can be seen in Fig. 10.

Influence of the time between polarity changes over offspec time (feed water conductivity = 3,500 uS/cm)

Irradiation (W/m?) Polarity (+/-) tope (min) tosp (s) Max. Ipc PV1 (A) Max Ipc PV2 (A)
835 + 6 33 —21.2 -79
835 — 6 33 21.3 7.8
834 + 8 33 —-21.1 -7.8
826 — 8 34 214 7.9
825 + 12 34 —-21.3 -79
836 — 12 34 214 7.8
835 + 15 33 —21.4 -79
840 — 15 35 21.6 7.9
821 + 18 35 -21.5 -7.9
806 — 18 37 21.8 8.0
5,30 - - 20,00 200,00
—<&—Resistance PV1 —F—Resistance PV2 —&—Product conductivity
r 19,50
L 1glm 'E' 190,03
o
- 18,50 W
_ 2 18000
g. 18,00 E' oy
A )
o 17,50 o t 17000
- 17,00 3
i c
- 16,50 S 16000
- 16,00
15,50 150,00
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time [min]

Fig. 10. Overall stack resistance and product conductivity
resistance of the stack electrical stage).

Time [min]

timing evolution (feed water conductivity =3,500 uS/cm; R:
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Two aspects should be remarked in the Fig. 10.
The first one is that, in opposition to the ED batch, in
an EDR the resistance increase is not very significant
during the desalination test with and increment of 5%
for the electrical stage 1 and 7.9% for the second elec-
trical stage. During an ED batch test with the same
initial conductivity feed solution increments on the
overall stack resistance of 150% can appear [15]. The
second one aspect to remark is that it can be seen in
Fig. 10, until the 6th min. is reached the stack resis-
tance is fluctuating. The same behavior can be seen at
product flow conductivity.

When the influence over the maximum Ipc at elec-
trical stages after the polarity change is analyzed, it
can be seen that the higher f,,. the higher maximum
current is obtained. This is a point to take into
account, because the possible effects on the EDR stack
in case of these currents were higher than the limiting
current of the membranes.

3.4. Off-grid automatic mode operation

Fig. 11 represents a period of operation in auto-
matic mode. In this mode, the PLC is able to choose
the PVFM that produces the lowest possible product
conductivity. The information corresponds to 5h oper-
ation with a 5,300 uS/cm feedwater conductivity and
a tppe of 15min during a good solar radiation day.

In Table 6, it can be seen a summary of operation
parameters for the data shown in Fig. 11.

In Fig. 12, it can be seen a typical power distribu-
tion during the plant operation. When the G value is

Irradiation [W/m?]
moomOoo o0

Product Conductivity [pS/cm]

0 0
10:30 11:30 12:30 13:30 14:30 15:30

——Irradiation o Product conductivity

Fig. 11. EDR-FV automatic mode operation for 5,300 pS/cm
feed water.

Table 6
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Fig. 12. Electrical power distribution during one polarity
tirgle (3,500 uS/cm feed water conductivity and G=835W/
m°).

high, the EDR energy consumption is mainly due to
the DC stack consumption meanwhile the pumping
energy could represents the 30% of the total energy
consumption. In numerical terms, for a polarity
changing time of 15min, a 3,500 uS/cm feed solution,
G=835W/m2, PVFM2, and a product flow of 4m3/h,
the energy consumption is 0.148 kWh (0.045 pumping
AC energy; 0.103 stack DC energy). The total water
production during the 15min is 950L (under of off-
spec conductivity of 1,500uS/cm) and the average
product conductivity obtained is 185 pS/cm. Only 60 L
are discharged. The specific energy consumption
(SEC) of the plant in these conditions is 0.618 kWh/m>
(0.188 kWh/m> AC energy for pumping and control;
0.43kWh/m? stack DC energy).

The presented EDR-FV SEC values for 3,500 uS/cm
feedwater solution are very promising in terms of
energy consumptions when are compared with brack-
ish water reverse osmosis desalination plant for simi-
lar feed water solutions and recovery rate, i.e
0.613kWh/m® (12bar; 80% high pressure pump per-
formance rate).

3.5. Feasibility of the EDR-PV coupling

In order to check the feasibility of desalting brack-
ish water by means of the use of an isolated EDR
stack driven by DC PV energy, software simulations
(using WATSYS 2.1 EDR plant software by General

EDR-FV operating results in automatic mode for a 5,300 uS/cm feed water

Feed water Product
L) water (L)

Average conductivity product
water (uS/cm)

30,618.8 16,894.6 1,050

Off-spec Average SEC Energy consumption
water (L) (kWh/m) (kWh)
3,418.1 0.79 17.14
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EDR plant operation comparison (on-grid vs. off-grid tests) (3,500 uS/cm feed conductivity; product flow =4 m®/h; off-

grid G =835-807 W/m?; positive polarity results)

Source Configuration v V, I I, Product conductivity (uS/cm)
- - V) V) (A) (A)

Softw sim. - 86 78 15.9 6.4 449.9
On-grid - 86 78 15.0 6.2 424
Off-grid PVFM3 79.3 829 15.9 5.7 180
Softw sim. - 85 64 15.8 5.3 606.6
On-grid - 85 64 15.6 5.0 565
Off-grid PVEM4 79.1 58.5 15.9 4.3 400
Softw sim. - 66 61 12.3 6.6 909.1
On-grid - 60 55 12.1 6.4 887
Off-grid PVEM5 55.6 54 115 6.1 724
Table 8

EDR plant operation comparison (on-grid vs. off-grid tests) (4,950 uS/cm feed conductivity; product flow =4 m>/h; off-

grid G=878-1,024 W/ m>; positive polarity results)

L I Product conductivity (uS/cm)
(A) (A)

24.7 9.0 646.1

26.0 9.0 759

23.2 75 645

19.3 11.8 985.1

22.0 11.3 902

18.1 10.03 874

Source Configuration Vi V,
- - V) V)
Softw sim. - 107 84
On-grid - 107 84
Off-grid PVEM1 88.9 66.9
Softw sim. - 83 82
On-grid - 83 82
Off-grid PVEM3 80.9 70.7

Electric) and on-grid EDR plant operation data (using
a DC/AC rectifier in each electric stage of the stack)
were compared to isolated PV operation.

In these simulations, several variables are taken into
account with the aim of being obtained in the same condi-
tions of off-grid tests done, i.e. net production rate (prod-
uct flow), EDR feed, electrode waste flow, make-up flow,
minimum velocity inside the stack, stack inlet pressure,
stack outlet pressure,% polarization an burning, tempera-
ture, and feed composition. The results of these simula-
tions and the comparison with on-grid and off-grid
experimental results are shown in Tables 7 and 8.

It can be seen how the isolated EDR plant driven by
solar PV fields is not only feasible but even presents
better working features than expected. In general, it is
observed that both on-grid and off-grid operation pres-
ent better conductivity values that simulated operation.
It can be explained due to the security values that are
used at WATSYS simulations. In addition, it can be seen
that on-grid operation presents higher conductivity
values than off-grid. The AC/DC conversion that takes
place in the rectifiers (that it is necessary to convert the

grid energy to DC energy), leads to some electrical
losses (efficiency lower than unity) that causes worse
values in terms of maximum desalination.

4. Conclusions

The production of potable water from brackish
waters, tertiary treatments, and several industrial pro-
cesses which use recycled water are the most important
applications of ED. ED combined with renewable ener-
gies becomes attractive for being a mature technology
which requires DC power for the stacks and being eas-
ily adaptable for variable energy conditions. ED driven
by solar PV energy is a feasible combination, which
uses not only the DC electric energy directly produced
by the PV panels and it also exploits the excess of
energy inverted (DC/AC) for pumping and control.

This paper shows the design and testing results of a
100% isolated PV—commercial ED plant combination.
The testing tasks have been performed in a 4m>/h com-
mercial-one stack EDR plant with an energy supply from
two different solar PV fields. The energy produced by a
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conventional isolated PV field is used in feed and con-
centrated pumps, valves, and 24/365 control and a direct
connection batteryless PV field is used for producing DC
electric energy which is used directly in the stack.

The key of this combination is the design and con-
trol of the DC PV field. For this experimentation, the
PV field is designed and tested with the aim of chang-
ing instantaneously their solar panel configuration
according to the solar irradiation for working in the
point of maximum power and obtaining the best
product salinity in any case. Five possibilities are
defined and controlled by a PLC, depending on the
serial-parallel panel arrangement. For a wide range of
solar irradiation (250-1,100W/m?), the EDR plant is
able to obtain a desired and good product quality
depending on the modulation used for each instant.

First data indicates that this combination is a very
promising option in terms of operation flexibility,
energy performance (consumptions similar to RO for
low-salinity brackish water), water quality production,
and minimization of off-specification product opera-
tion time along the polarity change phases.

Moreover, the off-grid operation is not only feasi-
ble but even presents better working features than
expected in comparison with simulated and on-grid
connections. In general, it is observed that both on-
grid and off-grid operation presents better conductiv-
ity values that simulated operation. On-grid operation
presents higher conductivity values that off-grid solu-
tion. The AC/DC conversion that takes place in the
rectifiers (on-grid mode) leads to some electrical losses
which do not exist in the modulated DC PV field used
in off-grid operation.

Nomenclature

AC alternating current

DC direct current

ED electrodialysis

EDR electrodialysis reversal

G= solar radiation (W/m?)

Ipc DC current (A)

Offspec  off of specification (product water conductivity)
PV photovoltaic

PVEM PV field modulation

SEC specific energy consumption, (kWh/m? product)
tope time between polarity changes, [min]

tosp time offspec (s)

Vv voltage (V)
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