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Accepted: 2021/02/21 population of planet, excessive exploitation of water resources and
wastewater release in nature have negative and irreversible impacts
on the environment. The present research has been carried out in
order to optimize the redesign model of the green water and
wastewater network.

Methods: In this research, a bi-objective optimization model for the
green redesign of the water and wastewater network is proposed.
The model includes locating the optimal place of storage ponds and
also optimally allocating the treated wastewater to agricultural areas
and industrial settlements in order to mitigate the devastating effects
of discharging industrial wastewater into the municipal wastewater
treatment plants and eventually mitigating the entry of such
pollutants into the environment. The proposed model, has been
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Water/Wastewater Network, Findings: Accordingly, the total system cost is minimized, the
Green Supply Chain, demand is met and simultaneously the environmental issues are met
Multi-Objective Optimization, ¢- : and the environmental pollution load of the network is minimized,
Constraint Method, because of network redesign. Also, a sensitivity analysis is performed
Quality of Returns on some important parameters.

Conclusion: The results showed that the proposed model can help
the designers in this field to design the distribution network, because
despite the increase in costs the environmental pollution is reduced
by installing COD meters and performing environmental disinfection.
In addition, in this model, it has been tried to compensate part of the
increased costs by selling activated sludge.
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Extended Abstract

Introduction

Water has always been one of the most
important resources for economic-social
development and keeping the environment
healthy. The increase in various usages of
water on one hand and development of the
agricultural and industrial sectors on other
hand have led to an increase in water
consumption and the creation of a water
shortage crisis in recent years. So, it seems
that paying attention to this issue, to be vital.
Also, It should be paying attention to other
related issues such as increasing raw
wastewater, dry and semi-arid climates in
countries like Iran, and trying to avoid
excessive use of purified water resources for
agriculture and industrial sections. On the
other hand, in some treatment plants,
industrial wastewaters with municipal
wastewaters are entered simultaneously
into the treatment system. The important
issue is that the exact quality of wastewater
at any moment is unknown due to its
combination with municipal wastewater,
that leads to the high environmental
pollution caused by the inability to treat it in
urban treatment plants. Unfortunately, there
is a wide range of wastewater pollution
which includes organic and inorganic
substances suspended or dissolved in water
with  different densities and sizes.
Sometimes substances with high nitrogen or
high sulfate as well as non-biodegradable
pollutants are also observed in these
wastewaters. As a result, in this research, in
order to decide on installing equipments or
performing disinfection with ozone gas, a
mathematical model has been developed.

Materials and Methods

This research aims to redesign a water and
wastewater network from the stage of water
supply and treatment to collection and
inspection and to the stage of wastewater
treatment and redistribution to candidate
points and finally receiving wastewater,

taking into account the reduction of harmful
effects on the environment. One of the
advantages of this type of integrated design
is to prevent sub-optimality which leads to
economic savings. So far, various tools have
been used to make such decisions, one of the
most widely used of which is the operation
research approach. To this end in this
research, a mathematical model has been
presented with the aim of minimization of
total cost along with minimization of
harmful environmental effects in the form of
bi-objective programming model. Also, in
order to optimize the structure of water and
waste water network, the optimal location of
storage ponds for planning after water
consumption and optimal allocation of
wastewater flow between facilities have
been determined. Meanwhile, the very
important issue of using the produced
activated sludge along with the issues raised
in the design of the activated sludge system
and decontamination have been considered
for the first time.

Findings

In the developed model, South Tehran
Refinery, with 6 counties in South of Tehran
as agricultural hubs, and 2 industrial
settlements as wastewater requesting
industries have been selected for case study.
It should be noted that the problem was
designed and solved based on real
information and field researches, which has
inevitably led to the consideration of many
assumptions for the problem. When the
model is optimized without considering
water pollution and only with the aim of
reducing costs, a pond with a capacity of 45
million cubic meters should be built and a
channel should be created between this
pond and all agricultural areas (except #4).
Also, Industrial settlements as consumers of
treated wastewater can be connected to this
pond. At result, cost can be decreased about
70%. On the other hand, when the model is
optimized only with the aim of reducing
water pollution, it is necessary to install COD
meters and carry out decontamination in all
channels. Again, a pond with a capacity of 45
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million cubic meters should be built and a
channel should be created between this
pond and all agricultural areas; but water
pollution would be reduced from 30187 into
13643 units. All solutions between these two
extreme conditions also can be considered
by the managers and decision makers.

Discussion

As expected, if we are not able to
compensate for the increase in costs, the
amount of pollution will also increase, which
means that if we do not accept the increase
in costs, we will inevitably witness water
and environment pollution. This issue is
important since it demonstartes the role of
legislative and responsible institutions in
environmental aspects. In fact, if the water
and wastewater companies cannot
somehow compensate for this increase in
costs, the government and other social
organizations  should participate in
programs to protect the water pollution in
order to achieve at least the same level of
pollution as before this increase. Also, by
examining the effect of changes in the
efficilency of water transmission, it was
found that increasing the efficiency of
transmission reduces costs and also reduces
water pollution. Another important topic of
this research is determining the optimal age
of sludge, due to income generated from the
sale of sludge. But it was observed that by
increasing age of the sludge, the total cost
will be increased. Finally, as expected, the
objective functions are in conflict with each
other, which means that in order to reduce
the environmental effects, we need to
increase the costs by equipping the
treatment plants, with COD meters or
disinfection and so on; and vice versa. Itis up
to managers to select the best trade-off
between total cost and level of
environmental effects based on managerial
conditions.

Conclusion

This research, in the form of presenting a
comprehensive mathematical model and in
accordance with the real conditions to deal
with the conditions of lack of information
and other limitations of the problem, can be
used to determine the locations of
construction of storage ponds and
possibility of providing wastewater to the
applicants  (farmers and industries)
according to the environmental conditions.
In general, the overall optimization results of
green redesign of the water and wastewater
closed loop network and the distribution of
treated  municipal = wastewater  for
agricultural and industrial purposes, will
help the decision makers in this field.
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