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The dramatic advances in the technologies of different energy systems have
substantially ~ transformed energy grids, resulting in  undeniable
interdependencies among multi-energy networks. In this regard, harvesting
maximum clean energy from renewable sources has been accounted as a vital
goal in the rising path of modern energy grids due to economic and
environmental objectives. However, the adoption of renewables in the power
production sector is not limited only to the mentioned benefits, but also
optimizing energy interactions has appeared as a critical challenge in the
presence of energy sources with stochastic outputs. Therefore, this paper
proposes an IGDT-stochastic hybrid operational model to optimize energy
interactions in cooperative multi-microgrids. The proposed model serves the
optimization of energy interactions by relying on multifarious technologies in
energy storage, conversion, trading, and management. On the other hand, it
develops transactive energy technology to create the possibility of affordable
energy sharing among microgrids, resulting in improving their flexibility in
multi-energy management. To quantify effective uncertainties, the model
benefits from the hybrid IGDT-stochastic method that offers risk-averse and
risk-seeker strategies to scrutinize the robustness and opportunistic functions of
the optimization problem. The results indicated that microgrids can meet the
energy requirements of consumers by developing multi-energy interaction
management models with minimum environmental pollution and costs. On the
other hand, exerting the hybrid method in the developed model has resulted in
19.13% more cost than the base model, which is due to the robustness of
microgrids against negative variations of uncertainties.
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Introduction

The need for sustainable and uninterrupted energy has accelerated the transition of traditional energy
structures towards interconnected multi-energy grids in recent years. In this regard, the progress in
energy technologies has increased the expectations to produce and deliver clean, affordable, and
sustainable energy to different types of consumers. Although the formed endeavours have mostly
relied on using renewable energy sources for power generation, the intermittence of such sources has
increased the risk of continuous energy supply in decentralized grids. This issue highlighted the
emptiness of hybrid models for optimizing various energy systems in grids with a high level of
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stochastic sources that can be filled by developing innovative operation models for modern energy
structures to effectively harvest carbon-free energy.

Materials and methods

This paper proposes an IGDT-stochastic hybrid operational model to optimize energy interactions in
cooperative multi-microgrids. The methodology of this work relies on mathematically modeling both
robustness and opportunistic functions of the IGDT method, along with presenting all the effective
operational constraints. The objective function of the related optimization problem is the minimization
of the total cost of cooperative microgrids. Moreover, all the operational limitations of energy systems,
including wind turbines, battery energy storage systems, PV panels, electrolyzers, hydrogen storage
systems, fuel cells, electric water boilers, solar water boilers, absorption chillers, reciprocating chillers,
and AC power flows, are taken into account in the optimization problem.

Result

The results stated that the proposed hybrid operation model enabled cooperative microgrids to
effectively manage their energy interactions in the presence of a high share of renewables at a
minimum cost. On the other hand, the results highlighted the vital role of hybrid energy systems in
empowering microgrids for establishing a continuous energy balance within a certain scheduling
horizon. Moreover, applying the developed IGDT-stochastic hybrid technique provided appropriate
conditions for the decision maker to determine its priorities in line with the robustness and
opportunistic states. Indeed, this method enabled the system to properly model the fluctuations of
various uncertain parameters with diverse stochastic behaviors within the scheduling horizon.
Moreover, exerting the mentioned hybrid method has resulted in 19.13% more cost in the developed
model than the base one, indicating that more costs are imposed on microgrids when they are robust
against negative fluctuations of uncertainties in the risk-averse strategy.

Discussion and Conclusion

In energy infrastructure, the penetration of renewables is rising day by day to provide appropriate
conditions for zero emissions and affordable energy production. However, the dependency of
renewable output on climate change has created basic concerns in dynamically serving energy to end-
users with diverse energy consumption behaviors. To this end, this paper developed an innovative
hybrid operation model for the optimal exploitation of multi-microgrids in the deregulated
environment. This model was empowered by different energy generation, conversion, and storage
units to increase assurance of microgrids' enough capability in managing energy interactions under
uncertainties. It also benefits the transactive energy technology to allow local energy exchange for
cooperative microgrids, increasing their flexibility in participating in energy interactions. As all
microgrids use a high volume of renewables for their environmental goals, uncertainties were an
undeniable part of this study, negatively affecting the extraction of confident results for multifarious
energy devices. For this aim, the hybrid IGDT-stochastic methodology was advanced to consider
uncertain behaviors of uncertain parameters by focusing on modeling both robustness and
opportunistic functions based on the risk-averse and risk-seeking strategies. The extracted results
proved the effectiveness of the mentioned model in optimally managing energy interactions of
cooperative microgrids in the renewable-penetrated structure of the energy network.
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1. IGDT: Information gap decision theory
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1. Mixed integer linear optimization model
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. PV panels (PV)

. Wind turbines (WT)

. Battery storage system (BSS)

. Electrolyzer (EL)

. Hydrogen storage system (HSS)
. Fuel cell (FC)

. Electric water boiler (EWB)

. Solar water boiler (SWB)

. Absorption chiller (AC)

0. Reciprocating chiller (RC)
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1. Stochastic programming (SP)
2. Robustness function
3. Opportunity function
4. Risk-averse strategy
5. Risk-seeker strategy
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