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Abstract

Environmental problems and global warming are one of the biggest concerns of societies.
Using renewable energy generation technologies as one of the most basic solutions is
one of the main concerns of planners and beneficiaries of power grids, considering the
variability of their output power day and night and their dependence on weather conditions.
The uncertainty caused by these generations can have many effects on the costs imposed
on the grid and the operation of electricity grids, such as an increase in power outages
and energy not supplied. To solve this problem, a comprehensive multi-objective and
probabilistic model has been proposed to determine the installation location, type, and
optimal capacity of DGs in the modern supply chain of electricity. The final objective
of this model is to minimize energy losses, investment and operation costs, energy not
supplied, and environmental emissions. The proposed methods have been implemented by
MATLAB software on the Garver power grid and IEEE 33-bus distribution grid and solved
by the multi-objective NSGA-II. The final model can be effectively used to plan the supply
chain of the modern electricity grid with the influence of renewable energy-based products
in various economic, environmental, and social dimensions.
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1. Introduction

Today, electricity plays a key role in people's lives and is used in various fields such
as home consumption, production, various industries, transportation, etc. For this
reason, a power outage in the network can have serious consequences (Hosseini-
Motlagh et al., 2020).

Electric energy grids are one of the most complex man-made devices in the last few
decades. This complexity has led to extensive and precise studies for the planning of
these grids at different generation, transmission, and distribution levels. Due to the
long life and wide geographical area of electric energy grids and the very high costs
related to their construction and operation, it is necessary to plan these grids in a
completely optimal way to avoid additional costs (Chicco & Mazza, 2021). In such
conditions, it is important to respond appropriately to these challenges and adopt a
suitable coping strategy by designing supply chain management methods and using
renewable products to generate electrical energy. This management model must be
designed in such a way that it considers all the different dimensions and, at the same
time, meets the needs of the consumers and optimization the electricity transmission
process with the least cost and with the least loss, and pay attention to environmental
indicators and social dimensions (Ayoughi et al., 2020).

The uncertainty caused by these generations can have significant effects in
increasing blackouts and imposed costs on the grid, making the operation and
development of electricity grids very complicated (Deng & Lv, 2020). The behavior
of the actors, the limitations of the power grid, and uncertainties are included, each of
which needs more studies in a particular way and at different levels of planning
(Khan et al., 2021).

2. Materials and methods

In this study, a comprehensive multi-objective and probabilistic model has been
proposed to determine the installation location, type, and optimal capacity of DGs in
the modern supply chain of electricity. The final objective of this model is to
minimize energy losses, investment and operation costs, energy not supplied, and
environmental emissions. Multi-objective NSGA-II will solve this model. Simulation
has been done with MATLAB or GAMS software to analyze the data. The purpose of
this study was to provide an optimal investment model for the development of the
METI supply chain with four main objectives: economic, environmental, social, and
security.

3. Basic concepts

In some cases, the negative environmental effects caused by the generation of electric
energy are so significant that they have caused problems in the sustainable
development of societies and have caused problems in the social dimension, among
which social justice, equality, and sustainable economic development can be
mentioned (Yildizbas1 et al., 2020). These problems and concerns have caused the
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concept of a sustainable supply chain to be raised and pay attention to environmental
and social dimensions instead of focusing on the economic dimension and profit
maximization in all parts of the supply chain, from the allocation of resources and
raw materials to determine the location of facilities, generation, and transportation
capacity, and infrastructure (Asgharizadeh et al., 2019; Saavedra et al., 2018;
Yildizbasi et al., 2020).

The expansion, advancement of technology, and the more complicated operation
of supply chains have created the need for the supply chain management. Supply
chain management is the integration of organizational units along the supply chain
and the coordination of the flow of materials, information, finances, products, and
services to meet consumer demand and improve the supply chain's overall
competitiveness (Asgharizadeh et al., 2019).

4. Objective functions
The economic objective function is to minimize the cost of providing electric energy
needed by subscribers and includes two parts: investment cost and operating cost.

ECOF= Z AD, PC BHPYS.OM, BPYe p, 1, (1)
2€G
In the MEI economic objective function, AC is equivalent to the annual
investment cost for each of the electric power generation units and is calculated as
follows:
Ay @
4 (] +d)LTZ-] . 4
In order to convert the future costs (time t) into a current cost, the coefficient §
has been used in the objective function. This coefficient is obtained from the
following relation.
1
b=tvar 3)
The rate of primary energy conversion in the gth generation unit to electric
energy in non-renewable units is calculated as follows.
1
= )

The social objective follows the minimization of the lost load and the
minimization of the energy not supplied by the MEI subscribers in the planning
horizon.

ROF =T1. ENS,
;( ) (5)

One of the essential objective functions in locating DG units in the MEI supply
chain is to minimize the number of electrical energy losses.

— DG __ Load __ .
LEOF = Z I Z(Pl ENS;) (6)

geG i€EB
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The environmental objective function includes the emission rate of emissions
produced by non-renewable production units and is calculated as follows.

EOF = Z(Dg.PgDG) (7)

geG

5. Different scenarios to evaluate the simulation

Scenario 1: The purpose of carrying out this scenario is to study and check the status
of the supply chain before updating and installing DG units and applying the
proposed method The results of this test are shown in Table 1. (Gardiner &
Montpelier).

Scenario 2: Considering that there is no limit to the generation of environmental
emissions in this scenario, the model uses DGs with the lowest cost. For this reason,
all the DGs of the diesel generator type have been selected. The results of this test are
shown in Table 2.

Scenario 3: Since, in this scenario, the amount of emissions is also raised as one of
the objective functions, it uses DGs that have as little cost and emission as possible.
For this reason, among non-renewable DGs, microturbine has been chosen. The
results of this test are shown in Table 3.

6. Conclusions

This study showed the necessity of moving the electricity supply chain from a one-
way mode with centralized and large generations to a distributed and modern supply
chain with scattered and small generations. In this regard, the appropriate strategy for
determining the optimal location, type, and capacity of these generations in the MEI
supply chain was proposed as a useful optimization problem with four objectives:
minimizing costs, energy not supplied, emissions produced, and energy losses. In
order to find the optimal answers to the multi-objective problem, the NSGA-II was
used. According to the obtained results, on the IEEE-bus standard supply chain,
changing the approach from the traditional supply chain with a one-way approach to
the modern supply chain with the influence of DGs has a significant effect on
increasing the continuity of energy supply, especially when an incident occurs in the
grid. According to these results, by using DG at the electricity industry's supply chain
level, the lost load is zero, and no subscriber is left without electricity. Microturbine
fuel is natural gas and produces fewer emissions than diesel generators. By using DGs
in the distribution grid, the amount of energy loss was reduced by about a quarter and
the amount of emission produced was also reduced by about a third. For future works,
the use of small generations next to the consumer in the modern supply chain, the use
of renewable productions in the modern supply chain, the use of generations with
higher technology and fewer emissions, the energy management strategy of the MEI
supply chain with the participation of electric vehicles and energy storage sources,
determining the optimal location and capacity of stations for charging and
discharging electric vehicles in the MEI supply chain are suggested.
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Tab. 5: The results of the first scenario
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Tab. 6: Installation location and capacity of dispersed production in the second scenario
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Tab. 7: The results of the second scenario
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Tab. 8: Installation location and capacity of dispersed production in the second scenario
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Tab. 9: The results of the third scenario
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