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Economical and resilient operation of energy systems has always
been one of the important and main priorities of the energy systems
operators. However, with the progress made in various fields of
energy systems, particularly power systems, the discussion of
resilience and reduction of energy not supplied has become of greater
importance. Therefore, in this paper, a bi-objective optimization
model is proposed to improve the economic performance of the
energy hub system and to improve the resilience of electric
consumers under adverse weather conditions, in which the
operational cost of the hub energy is minimized and on the other hand,
the consumer welfare index, which is a function of the energy not
supplied index of the system, is maximized. It was assumed that the
electrical part of the hub system can be affected by weather conditions
and have an incident similar to distribution networks. The epsilon
constraint method was used as one of the effective methods in solving
multi-objective problems in order to solve the proposed model. It is
noteworthy that the fuzzy Max-Min method was used to select the
optimal solution among the obtained solutions.
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EXTENDED ABSTRACT

Introduction

In the current study, recent research on the economic performance of resilient energy
hub systems during adverse weather conditions was discussed. A bi-objective optimization
model for the optimal performance of the energy hub system was presented from the point
of view of economic performance and resilience in which the total cost of operating the
energy hub system, including the cost of interaction with electric, gas and water networks
and the cost of local energy resource operation, is minimized, and simultaneously, the
welfare index of electric consumers, which is a function of the energy not supplied inde, is
maximized. In the presented model, the studied objective functions, which is the total hub
cost of the system and the welfare index of electric consumers, were in conflict with each
other, which is not considered in most of the models studied in previous research.

Methodology
In this study, by proposing the epsilon constraint method, the bi-objective model with
opposite objective functions was solved and pareto solutions were obtained, which are all
optimal. Each of the pareto solutions had one cost and index that could be selected
depending on the expectations. In fact, each answer was considered a strategy that could be
selected as a solution to the problem depending on the expected aims. According to the
purpose of the model studied in this paper, which was to meet the economic and resilience
purposes simultaneously and considering their opposite nature, fuzzy max-min method
was used to obtain optimal purpose between objective functions. By implementing this
method, an optimal solution that satisfied both objective functions were obtained. In
addition, in the proposed model, the effect of providing demand response programs and the
participation of electric consumers in these programs on the performance of the model was
studied. Thus, in summary, the innovations of this research study can be stated as follows:
1- Presenting a bi-objective optimization mathematical model for the optimal
performance of the energy hub system from the point of view of economic
performance and resiliency
2- Minimizing the energy cost of the hub system and maximizing the welfare index of
electric consumers as objective functions of the problem considering their
opposite natures
3- Presenting the epsilon constraint method for solving the bi-objective problem with
the opposite objective function and extracting the optimal pareto solutions
4- Using fuzzy Max-Min method to gain optimal state between opposite objective
functions
5- Investigating the effect of providing demand response programs to electric
consumers on the performance of the proposed model
In order to model the shiftable electric loads, the time of use model was used, based on
which, a part of the electric loads was transferred from peak intervals to non-peak intervals
and leads to the peak shaving of the load.
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Results

In this part, the optimal performance of the energy hub system (shown in Figure 1)
under the objective functions of operating cost and welfare index was numerically
simulated under a mixed linear programming and the output results presented.
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Figure 1. The studied energy hub system.

In order to optimally use the power and heat produced in the energy hub system,
electrical and thermal storage systems helped to improve the performance of the energy
hub system from the point of view of energy efficiency and economic performance by timely
storage of energy and use at the right time.

Conclusion

Optimum use of energy sources with high efficiency has always been of particular
importance because this improves the efficiency of energy consumption and economic
performance of the system. In this paper, the concept of energy hub system was used to
supply electrical, thermal, gas and water loads. Energy conversions in these systems
allowed optimal supply of energy loads with the lowest operating cost and the highest level
of consumer satisfaction. In this study, a bi-objective optimization model was presented for
the economic performance of the energy hub system as well as the resilience of electric
consumers in which the total operating cost of the system was minimized and the
consumer's welfare index, which is a function of the system's energy not supplied index,
was maximized.

The method was based on estimating the amount of electrical outages in presence of
atmospheric changes and managing changes in the load and output of resources in the
network. By using the epsilon constraint method, the proposed model with and without
considering the possibility of participation of electric consumers in demand-side
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management programs was solved and pareto solutions were obtained. According to the
obtained results, without considering demand-side management programs, the operating
cost of the all system was equal to 2279.190 dollars and the welfare index was equal to
81.5% which indicated compromised conditions between the mentioned aims. By applying
demand-side management programs, the system cost was 2258.173 dollars and the welfare
index was 81.1%. By comparing these results with the case where the demand-side
management programs were not included, it was observed that under the demand-side
management programs, the economic performance improved while the welfare index
decreased. In fact, with the improvement of the economic performance of the system under
demand response programs, the welfare index decreased, which can be effective in
determining planning priorities and the participation of consumers in demand-side
management programs.
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