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C. García-Gómez, J. A. Vidales-Contreras,
J. Nápoles-Armenta, and
P. Gortáres-Moroyoqui
DOI: 10.1061/(ASCE)EE.1943-7870.0001057

Babak Zolghadr-Asli, S.M.ASCE1;
Omid Bozorg-Haddad2; and Hugo A. Loáiciga, F.ASCE3

1M.Sc. Student, Dept. of Irrigation and Reclamation, Faculty of Agricul-
tural Engineering and Technology, College of Agriculture and Natural
Resources, Univ. of Tehran, Karaj, 3158777871 Tehran, Iran. E-mail:
ZolghadrBabak@ut.ac

2Professor, Dept. of Irrigation and Reclamation Engineering, Faculty of
Agricultural Engineering and Technology, College of Agriculture
and Natural Resources, Univ. of Tehran, Karaj, 3158777871 Tehran,
Iran (corresponding author). E-mail: OBHaddad@ut.ac.ir

3Professor, Dept. of Geography, Univ. of California, Santa Barbara,
CA 93016-4060. E-mail: Hugo.Loaiciga@geog.ucsb.edu

Newly developed optimization algorithms have been applied in
several domains of water resources systems, such as reservoir op-
eration (Ahmadi et al. 2014; Bolouri-Yazdeli et al. 2014; Ashofteh
et al. 2013a, 2015a), groundwater resources (Bozorg-Haddad et al.
2013; Fallah-Mehdipour et al. 2013a), conjunctive use operation
(Fallah-Mehdipour et al. 2013b), design–operation of pumped-
storage and hydropower systems (Bozorg-Haddad et al. 2014),
flood management (Bozorg-Haddad et al. 2015a), water project
management (Orouji et al. 2014), hydrology (Ashofteh et al.
2013b), qualitative management of water resources systems,
(Orouji et al. 2013; Bozorg-Haddad et al. 2015b; Shokri et al.
2014), water distribution systems (Seifollahi-Aghmiuni et al. 2013;
Soltanjalili et al. 2013; Beygi et al. 2014), agricultural crops
(Ashofteh et al. 2015c), sedimentation (Shokri et al. 2013), and
algorithmic developments (Ashofteh et al. 2015b). However, there
is a lack of studies dealing with phenol removal using Ti=PbO2

anodes with response surface methodology, which was addressed
in the discussed paper.

García-Gómez et al. (2016) used the response surface method-
ology (RSM) to investigate the effects of different operating con-
ditions on phenol removal via electrooxidation with a Ti=PbO2

anode. The authors used a central composite design (CCD) to
evaluate the individual and interaction effects of current intensity
(X1; A), electrolysis time (X2; min), and recirculation flow rate
(X3; mL=min) to optimize phenol removal. The coupled model
was used to achieve the optimal conditions required to remove
phenol from synthetic wastewater with a phenol concentration
equal to 10 mg=L. The results for phenol removal involved
a 1.12-A current intensity, 40-min electrolysis time, and
188-mL=min recirculation flow rate, in which a removal of
78.97� 1.72% was achieved. García-Gómez et al. (2016)
concluded that the proposed procedures are a promising
approach for wastewater treatment. The approach proposed
by Garcia-Gomez et al. (2016) presents novel ideas for waste-
water treatment; however, there are a few remarks that might
improve the discussed paper’s results.

For the sake of clarity, this discussion was organized into three
main categories: (1) arithmetic errors, (2) undefined functions, and
(3) optimization model.

Arithmetic Errors

1. The García-Gómez et al. (2016) paper used a second-order
polynomial regression model represented in Eq. (1) to predict
the phenol removal efficiency (Y1; %)

Y1 ¼ −20.38þ 89.44X1 þ 3.30X2 − 0.39X3 − 0.05X1X2

− 0.013X1X3 − 1.49X2X3 − 24.44X2
1

− 0.02X2
2 þ 7.65X2

3 ð1Þ
Assigning values to the dependent variables (Xi) within their

acceptable range does not lead to a feasible Y1. This assertion
is demonstrated by observing that neither the given arrays of
dependent variables presented in Table 3 of the discussed paper
nor their optimized values cause the regression model in Eq. (1)
to generate Y1 values between 1 and 100 (these are percentages).

2. The last six rows of Table 3 in the discussed manuscript list
the dependent variables, yet the corresponding values of the de-
pendent variables presented in the predicted removal efficiency
column are not equal to each other. In other words, the regres-
sion model of Eq. (1) can generate more than one outcome given
a single input value.

3. Six computational errors might have been made in Table 3 of
the discussed manuscript. In its relative deviation column, the
following attributes: −2.28, 3.07, 3.52, 0.44, −1.84, and 2.81
should be replaced with 0.72, −1.62, 1.52, −1.33, 1.84, and
1.81, respectively. These plausible miscalculations might have
been caused by errors in the linked attributes listed in the relative
deviation column of Table 3.

Objective Functions

Two criteria were introduced in the discussed paper to assess
the desirability of its results, one being the phenol removal effi-
ciency (Y1) and the other the amount of energy consumption
(Y2; kWh=m3). The discussed paper stated that the results of its
optimization depended on the mathematical functions represented
by each of these criteria. Even though attention was given to the
phenol removal efficiency regression model, less attention was
dedicated to the regression model of energy consumption. For
instance, García-Gómez et al. (2016) did not report the regression
equation of energy consumption, even though the optimization
model relies heavily on that function in searching for optimal re-
sults. Introducing both criteria might prove useful to further studies
and help readers gain a better grasp of the paper’s methodology.

Optimization Model

Optimizing only one criterion or objective function (OF) is the
basic principle of single-objective optimization. The aim of such
problems is to search the decision space for the best feasible sol-
ution of the OF, called global optimum, or in some cases to settle
for solutions near the optimum. However, problems with two or
more OFs, called multiobjective optimization, require different
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mathematical approaches (e.g., Deb 2001). In such problems, the
very notion of an optimal solution does not apply (Coello 2006).

To illustrate this point, consider the discussed paper’s optimiza-
tion problem. The objective functions are the maximization of
phenol removal efficiency while minimizing energy consumption
for this operation. The decision space of this optimization problem
is illustrated in Fig. 1. All the given points in this figure are equally
desirable because none of them has a clear superiority over the
others. In other words, each point shown in Fig. 1 that represents
a higher quality of phenol removal efficiency (a desirable trait) also
requires more energy (an undesirable trait) and vice versa. Or, using
optimization jargon, none of the points depicted in Fig. 1 dominates
the others. It is well established in multiobjective optimization that
when there are conflicts among various OFs, the solutions to the
optimization problem must be obtained in the form of Pareto
possibility frontiers (PPFs) that contain combinations of decision
variables that express the most efficient tradeoffs among the various
objectives of the optimization. Because each of these combinations
of decision variables has no clear desirability over the others, a set
of criteria are available for decision makers to choose the optimal
combination according to each situation. However, the optimiza-
tion presented in the discussed manuscript avoided the PPF ap-
proach and instead assigned a specific weight to each of the OFs,
causing the optimization to find one solution associated with the
chosen weighting scheme. To achieve better solutions, one could
try multiple weights for each OF and solve the optimization prob-
lems for each combination of weights to arrive at a set of solu-
tions for the various assigned weights. The OFs of the discussed
manuscript’s optimization model were unclear. Therefore, two
mathematical functions, as given in Eqs. (2) and (3), are used as
OFs in an example optimization problem to illustrate solutions
for multiple weights

OF1 ¼ minimizefx2g ð2Þ

OF2 ¼ minimizefðx − 2Þ2g ð3Þ
where OF1 and OF2 = objective functions; and x = independent
variable defined over the interval 0 ≤ x ≤ 2. The functions OF1
and OF2 are multiplied by nonnegative weights w1 and w2, respec-
tively, and added to form a single objective function equal to
w1OF1 þ w2OF2. The resulting single-objective minimization
problem has the solution

x� ¼ 2w2=ðw1 þ w2Þ ð4Þ

The values of OF1 and OF2 are obtained for each x� associ-
ated with chosen weights w1 and w2. Fig. 2 shows the various
combinations of OF1 and OF2 evaluated at x� corresponding to the
weights listed in Table 1 and others not listed there. The graph in
Fig. 2 represents the Pareto possibility frontier associated with the
minimization problem involving the functions in Eqs. (2) and (3).
The choice of a particular solution on the PPF represents the pref-
erence of the decision maker. The solution of more complex multi-
dimensional (i.e., those with two or more decision variables) or
multiobjective optimization problems (i.e., those with two or more
objective functions) is routinely accomplished nowadays with spe-
cial optimization evolutionary algorithms (MOEAs; Deb et al.
2003) rather than with weighted multiobjective functions. The phe-
nol removal problem of García-Gómez et al. (2016), which has
three decision variables and two objective functions, is well suited
for solution with MOEAs, in which case the solutions would be
expressed in terms of PPFs.
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Fig. 1. General decision space of original manuscript
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Fig. 2. PPF of the bi-objective problem [Eqs. (2) and (3)]

Table 1. Example Multiobjective Optimization Results Corresponding to
Various Weights

Weight
for OF1

Weight
for OF2 Optimum x OF1 OF2

1 1 1.00 1.00 1.00
2 1 0.67 0.44 1.78
1 2 1.33 1.78 0.44
3 1 0.50 0.25 2.25
1 3 1.50 2.25 0.25
3 2 0.80 0.64 1.44
2 3 1.20 1.44 0.64
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