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In this section, we elaborate the research topics needed in computational social science

for power system reliability, resilience, and restoration, for future developments. For each

research topic, we explain why we need social science, psychological behavior of stakeholders,

and, therefore, an artificial society.

The availability of electricity affects both the mental well-being and physical well-being of

consumers, prosumers, and the community as a whole. When a disaster strikes, part of the

power system may be disconnected or damaged, resulting in the shedding of generation and

load. Evidently, this shedding should be achieved by minimizing its impact on the social

well-being and the community resilience subject to power flow constraints. To model a

socially intelligent power flow, the social behaviors of end users, primary energy companies,
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and secondary energy providers must be incorporated. Willingness, consensus, convenience,

satisfaction, cooperation, confidence, reliability, adaptability, experience, and empathy are

just a few of the social behaviors. The primary social-related objective functions that can

be considered are well-being, social well-fare, equality and fairness, trust, and community

capital.

The investment in microgrids and distributed energy resources play a key role in the social,

economic, and infrastructure reliability, and resilience. Annual global battery storage in-

stallations by residential, commercial, and industrial consumers are increased from 100 MW

in 2017 to 10 GW in 2021. Storage capacity at the county level in the United States is

depicted in Figure A.1. Numerous counties have numerous electric energy storage systems,

which affect the power systems’ reliability, efficiency, and resilience. End users make up a

sizable portion of the owner of this storage. Due to the fact that end-users exhibit a variety

of social behaviors and characteristics, their impact on the reliability and resilience of power

systems varies by region. As a result, it is necessary to consider their social behavior when

studying power systems. In addition, technical and economic aspects of this investment

have been considered in the literature. In addition to these aspects, the social well-being

and community resilience should be considered in the investment in microgrids as well.
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Figure A.1: The US County-level Storage capacity (MW).

Another application of computational social science in power systems is transactive energy,

where stakeholders such as wholesale and retail sellers, prosumers, and buyers of energy

services interact with one another by leveraging the concept of interoperability and using

the value signals. The modeling of the decision-making of the latter relies heavily on the

modeling of their social behavior. The United States’ electricity system is moving toward

a future full of DERs located everywhere and in all shapes and sizes, raising the value of

utility-customer relations. The Energy Flexibility Platform and Interface, GridWise Olympic

Peninsula Project, and the Pacific Northwest Demonstration Project as examples of using

transactive energy show the importance of engagement and cooperation of costumers in the

double auction market.

Power market, similar to any other market, should consider the psychological aspects of the

investors, such as trust and satisfaction. In turn, the culture of each community can influ-

ence these psychological aspects. The winner of this electric market is the stakeholder who

takes the consumers and their social behavior into account. During and after a disaster, due
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to the scarcity of electric energy, its price should be set up in fair manner, not by the electric

market; see for example the ice storm in Texas in February 2021 where the price of electricity

skyrocketed. To model a socially intelligent electricity markets, the social behaviors of end

users, retailers, GENCOSs, TRANSCOs, Distributed generators’ owners must be incorpo-

rated. Price-Information-seeking, Energy-Information-seeking, confidence, learning, privacy,

risk perception, collaboration and experience, are just a few of the social behaviors. The

primary social-related objective functions that can be considered are community resilience,

social well-fare, equality and fairness, trust, and community capital.

Long charging time may make an electric vehicle’s owner anxious. Indeed, the limited dis-

tance to drive per each charge can increase the owner’s concern. By driving until discharging

the electric vehicle battery following the vehicle-to-grid program, the owner may face prob-

lems to reach a destination. Furthermore, when using a blockchain for electric vehicles,

the owners may be anxious about their privacy and information. This anxiety and concern

regarding the charging, discharging, and privacy affect the owner’s actions and decision to

experience a large variability. An effective way to address this problem is to enhance the

active demand side management to participate in the vehicle to grid program. The partic-

ipation of the owner also depends on the level of cooperation, flexibility, and trust to the

aggregator.
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