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a b s t r a c t

The increasing demand on wastewater treatment plants (WWTPs) has involved an interest in improving
the alternative treatment selection process. In this study, an integrated framework including an intelli-
gent knowledge-based system and superstructure-based optimization has been developed and applied
to a real case study. Hence, a multi-criteria analysis together with mathematical models is applied to
generate a ranked short-list of feasible treatments for three different scenarios. Finally, the uncertainty
analysis performed allows for increasing the quality and robustness of the decisions considering varia-
tion in influent concentrations. For the case study application, the expert system identifies 5 potential
process technologies and, using this input, the superstructure identifies membrane bioreactors as the
optimal and robust solution under influent uncertainties and tighter effluent limits. A mutual benefit and
synergy is achieved when both tools are integrated because expert knowledge and expertise are
considered together with mathematical models to select the most appropriate treatment alternative.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In the last few decades, public awareness regarding water
scarcity and pollution, together with the current water legislative
framework, has involved an increase in the number of wastewater
treatment facilities. In this context, the selection of the WWTP
configuration or process flow diagram is a considerable challenge;
hence, knowledge from experts, including wastewater researchers
as well as practitioners (i.e., wastewater engineers and operators),
is required.

Quaglia (2013) illustrates the process of selection and design of a
WWTP configuration as a funnel approach composed of four steps
(Fig. 1). In phase I, knowledge-based systems, including intelligent
environmental decision support systems (IEDSS), can be applied to
select the most feasible alternatives from the market technologies
based on technical, economic, environmental and social criteria. In
phase II, optimization tools, based onmathematical methods, allow

selecting short-listed candidates among those previously consid-
ered. In phase III, the alternatives from the previous phase are
evaluated using rigorous and dynamicmodels to obtain the optimal
process parameters. In the last step (phase IV), detailed engineering
design is performed for the selected alternative.

The first two steps of Fig. 1 can be addressed considering two
approaches; in the first, experts select the “best” alternative, taking
into account their expertise and knowledge and therefore relying
on intuitive methods (Kalbar et al., 2013), which could lead to
subjective and biased decisions. The second method is to apply
mathematical-based optimization to solve the problem such that
objective decision-making is achieved using more quantitative
analysis (Bozkurt et al., 2015). In a mathematical optimization-
based approach, however, expert knowledge is needed, particu-
larly to define the design space for the alternatives to be included in
the optimization as an off-line expert intervention, but a systematic
reasoning procedure is not followed. Therefore, an integrated
approach that combines the knowledge from different experts and
the quantitative nature of optimization will allow obtaining a more
comprehensive analysis and solution of the optimal WWTP process
selection problem. However, experts commonly select traditional
solutions because it is difficult to develop an integrated analysis
without the proper tools (Chamberlain et al., 2014).
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Different methodologies have been developed to improve
treatment selection, but most of them do not consider the entire
wastewater treatment process (G�omez-L�opez et al., 2009; Huang
et al., 2015), or they lack an integrated assessment because they
do not consider the set of economic, environmental and technical
criteria (Kilic and Hamarat, 2010). Other studies include a very
limited number of wastewater treatment alternatives, which re-
stricts the range of technologies considered (Zeng et al., 2007;
Makropoulos et al., 2008; Huang et al., 2015).

Moreover, most of the studies mentioned previously have been
performed focusing on one of the different steps of the decision
concerning WWTP concept selection and design (Bozkurt et al.,
2015). Thus, none of them address more than one of the steps
involved in Fig. 1. Therefore, there is a research need to integrate
different types of expertise with mathematical models and opti-
mization to improve the quality of the results. In addition, research
is also needed to properly handle the multi-objective and uncertain
characteristics involved in the decision-making of selecting an
optimal alternative for wastewater treatment plant configuration
(Zeng et al., 2007; Garrido-Baserba et al., 2012).

As regards phase I, knowledge-based techniques have been used
for the conceptual WWTP design under a multi-criteria analysis by
the application of an IEDSS. NOVEDAR_EDSS (Garrido-Baserba,
2013) consists of a knowledge-based system that applies a hierar-
chical approach, a structural network model, decision trees, a
recursive evaluation and a multi-criteria analysis to complete this
step. This tool efficiently explores different alternatives based on
several technical, economic and environmental criteria bymeans of
parameters (e.g., removal efficiency, costs and emissions) and in-
dicators (e.g., life cycle analysis (LCA) and shadow prices), which
should contribute to the development of more efficient and envi-
ronmentally friendly urban wastewater treatment plants.

Concerning phase II, the superstructure-based optimization
methodology is applied to identify the optimal WWTP network
configuration from the list generated in the previous step (Bozkurt
et al., 2015). This is a novel framework to help with effective
formulation and management of the complexity of an early-stage
design of a WWTP. This tool applies a superstructure-based

optimization method to generate the design space as a process
network, i.e., a so-called superstructure. Because this method fo-
cuses on designing processes at the early stage (where the avail-
ability and accuracy of data are limited), it can also be used to short-
list a number of the most promising processing alternative (e.g., the
first three solutions as shown in Bozkurt et al., 2015), which can be
used in the next phase for detailed analysis.

As phases III and IV (outside the scope of this work) comprise
the final steps in the WWTP design process, they address the
application of rigorous dynamic models and detailed engineering
design, correspondingly.

NOVEDAR_EDSS and the optimization tool are two tools that
have been demonstrated to properly perform the selection of the
best treatment alternative in steps I and II of Fig. 1, correspondingly.
The aim of this study is therefore to develop a comprehensive
framework that effectively addresses the steps of conceptual design
(phase I) and optimization (phase II) in the technology selection
process by integrating knowledge-based systems with mathemat-
ical models. The new framework introduces the following nov-
elties: 1) multi-criteria sustainability screening of the promising
treatment concepts using IEDSS; 2) superstructure formulation
based on the promising treatment concepts obtained in (1) and
detailed dimensioning, optimization and analysis; and 3) sensi-
tivity analysis to test the robustness of the selected concepts.

The proposed comprehensive framework will utilize the ad-
vantages of both NOVEDAR_EDSS and the optimization tool, and it
will then be applied to an actual wastewater treatment problem as
a case study for verification and demonstration purposes. The pa-
per is structured as follows: first, the integration methodology,
together with the IEDSS and the optimization tool, is presented.
Then, the selected case study to be solved by applying the inte-
grated approach is explained. Finally, the results obtained are dis-
cussed to identify the benefits of the integration.

2. Integrated methodology

Because the aim of this study is to consider the potential ben-
efits of integrating NOVEDAR_EDSS and the superstructure-based
optimization, in this section, the integrated methodology applied
for selection of the WWTP configuration, comprising phase I and
phase II, is described. This methodology includes the workflow for
the integrated framework consisting of three different steps (Step 1
to Step 3, Fig. 2), which are interconnected to perform the alter-
native selection considering static models. Step 1, which corre-
sponds to phase I (Fig. 1), addresses the NOVEDAR_EDSS
application to explore a wide range of feasible technologies based
on the characteristics of the case study selected and considering a
knowledge-based multi-criteria approach. Among the treatments
recommended by the IEDSS, a short-list is selected to perform the
next Step. Step 2 (corresponding to phase II in Fig. 1) involves
applying the optimization tool, which should first be upgraded to
obtain the proper superstructure for the specific case study. Then,
based on mathematical programming, the optimization tool iden-
tifies the optimal network. Finally, Step 3 (which is part of phase II
in Fig. 1) consists of a sensitivity analysis, which is developed by the
optimization tool to ensure the robustness of the decisions.

Step 1: Intelligent/expert screening of process technologies in
NOVEDAR_EDSS.

NOVEDAR_EDSS integrates different knowledge-based tech-
niques to perform the pre-selection of the process flowdiagram in a
WWTP. This tool was developed following the five steps proposed
by Poch et al., 2004: analysis of the problem, data and knowledge
acquisition, cognitive analysis, model selection and integration. The
software was verified and validated by different experts from
academia and from companies participating in the Consolider and
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Fig. 1. Funnel approach where different steps in the selection and design of an alter-
native WWTP configuration process (Quaglia, 2013), together with the tools applied in
each step, are represented.

A. Castillo et al. / Environmental Modelling & Software 84 (2016) 177e192178



Download English Version:

https://daneshyari.com/en/article/6962330

Download Persian Version:

https://daneshyari.com/article/6962330

Daneshyari.com

https://daneshyari.com/en/article/6962330
https://daneshyari.com/article/6962330
https://daneshyari.com

