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The hybrid energy system of hydro-powers, pumped storages and renewable energies has become a new topic direction in modern power system developments. Consequently, it is essential to realize a rational and efficient allocation of different energy source capacities. Nevertheless, there is still a gap between the available studies and the requirement for further hybrid energy system development. This paper focuses on the optimal capacity configuration of a wind, photovoltaic, hydropower, and pumped storage power system. In this direction, a bi-level programming model for the optimal capacity configuration of wind, photovoltaic, hydropower, pumped storage power system is derived. To model the operating mode of a pumped storage power station, two 0-1 variables are introduced. To handle the nonlinear and nonconvex lower level programing problem caused by the two 0-1 variables, it is proposed that the 0-1 variables are treated as some uncertain parameters. Also, by treating the 0-1 variables as some uncertain parameters, a two-stage robust optimization problem to decompose the original bi-level programing one into a master problem and a subproblem is finally introduced. The Karush-Kuhn-Tucker (KKT) conditions are then applied to simplify and linearize the min-max problem and nonlinear terms in the master problem. This results in both the master problem and the subproblem being formulated as mixed integer linear programming (MILP) problems. By utilizing the powerful Column-and-Constraint Generation (C&CG) algorithm, the two-stage robust optimization model is decomposed into an iterative procedure of solving the master problem and the subproblem sequentially. This approach eliminates the need for intricate optimization algorithms as commonly used in existing bi-level planning problems in hybrid energy systems. Finally, the effectiveness and advantages of the proposed model is verified by the numerical results on a case study.
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1 INTRODUCTION
Developing sustainable energies, particularly promoting the integration of clean energy sources into grid, is a crucial means to address the environmental pollution, the climate change, and the scarcity of fossil fuels (Huang et al., 2009). Consequently, in response to the global energy transition and the increasing prominence of environmental issues, the green energy sources such as photovoltaic and wind powers are receiving more and more attentions. For example, the wind power and photovoltaic installations in China have, respectively, reached 280 GW and 250 GW in year 2020 (Li et al., 2018). However, the intermittent and the fluctuating nature of the renewable energy sources, together with their high degree of uncertainty, lead to a deviation between the renewable energy generation capacity and the energy demand (Bao et al., 2021; Aien et al., 2014; Y et al., 2021). This intermittency, volatility, and anti-peak-shaving characteristics of the renewable energy sources can adversely affect the safe operation of the grid (Pothiya et al., 2008).
Pumped storage power plants, as energy storage facilities, operating on pumping and discharging modes, can be employed to effectively regulate the anti-peak-shaving characteristics of renewable energy sources, thus achieving de-peaking and valley-compensating functions (Zou et al., 2015; Liu et al., 2017). Moreover, hydropower plants possess flexible regulation capabilities (Wen et al., 2021). Obviously, both pumped storage power and hydropower plants are beneficial for mitigating the uncertainty of the renewable energy generation and facilitating the consumption of the renewable energy sources (Abdeltawab and Mohamed, 2017). Consequently, the hybrid energy system of hydropower, pumped storage, and renewable energy has become a new topic direction in modern power system developments.
In order to achieve a maximum economic benefit of the hybrid energy system throughout the duty cycle and ensure its competitiveness in the electricity market, it is essential to realize a rational and efficient allocation of different energy source capacities (Xu et al., 2020). In this direction, numerous efforts have been devoted to the operation and capacity allocation of hybrid energy systems incorporating pumped storage power stations. In the studies of (Baniasad and Ameri, 2012; Wang and Cui, 2014; Zhang et al., 2020), the authors have primarily focused on the economic and environmental issues of the hybrid energy system. The goal of these studies is to minimize the wind power curtailment, the generation cost, the penalties associated with pollutant emissions, and the penalties resulting from renewable energy power curtailments. The models for optimizing the schedule of hybrid energy systems incorporating pumped storage power plants are developed therein. In (Zhang et al., 2020), the authors have considered the integration of wind, photovoltaic, hydropower, thermal power, and other energy sources at a system level for the purpose of optimization their scheduling. In (Wang and Cui, 2014), the authors have investigated the optimal operation of pumped storage power plants in the context of photovoltaic integrations. In (Baniasad and Ameri, 2012), the authors have proposed a joint operation strategy for wind, photovoltaic and pumped storage hydro energy, taking into account the multiple performance benefits. However, a common limitation of these studies is that the capacity allocation of the energy storage systems, and the optimization of their operation and scheduling are considered relatively independently, without establishing a coupling between the two procedures and achieving their coordination.
To address the aforementioned deficiencies of the previously mentioned methodologies in hybrid energy system studies, in recent years, the bi-level programming has been widely applied in system optimizations involving the new energy system optimization. In (Zhao et al., 2014), the authors have used the upper-level procedure to minimize the annual total cost, while the lower-level to minimize the scenario-based distribution network operation cost. The upper-level procedure is used for planning, while the lower-level one performs optimization and simulation based on the upper-level planning. In (Zeng et al., 2017), the authors have employed the upper-level optimization to minimize the total investment cost, and the lower-level one to minimize the operating input. Particle swarm optimization algorithm and the interior point method are respectively used to solve the upper and lower-level optimization problems. Subsequently, most of the solution methodologies for such studies involve the use of complex optimization algorithms to separately solve the upper and lower level optimization problems. In (Luo et al., 2020), the authors have chosen a heuristic algorithm for the upper-level system planning problem, while a sequential quadratic programming algorithm for the lower-level one. In (Chen et al., 2021), the authors have improved a grey wolf algorithm based on tent mapping chaos optimization to solve the optimal capacity configuration of hybrid energy systems.
It should be pointed out that the aforementioned studies have mainly concentrated on a hybrid energy system where the thermal power occupies a large proportion of the system. As explained previously, with the global energy transformation and the concerns on environmental issues, the proportion of the thermal power in a hybrid energy system will be gradually decreased, and a zero-carbon hybrid energy system without any thermal power will emerge. Moreover, the solution approaches for the bi-level model of hybrid energy systems have predominantly been constrained to the application of intricate optimization algorithms for optimizations of the upper and lower-level functions. To bridge the gap between the available studies and the requirement for further hybrid energy system, this paper focuses on the optimal capacity configuration of wind, photovoltaic, hydropower, and pumped storage power system. In this direction, a bi-level programming model for the optimal capacity configuration of wind, photovoltaic, hydropower, and pumped storage power system is derived. To model the operating mode of a pumped storage power station, two 0-1 variables are introduced. To handle the nonconvex lower level programing problem caused by the two 0-1 variables, it is proposed that the 0-1 variables are treated as some uncertain parameters. Also, by treating the 0-1 variables as some uncertain parameters, a two-stage robust optimization procedure to decompose the original problem into a master problem and a subproblem is finally proposed. Moreover, by transforming the min-max form of the master problem using KKT conditions, both the master problem and the subproblem become MILP problems, and can be solved efficiently. Finally, the effectiveness and advantages of the proposed model is verified by solving a case study using the C&CG algorithm.
2 BI-LEVEL MODEL OF THE PROPOSED HYBRID ENERGY SYSTEMS
The hybrid energy system studied in this paper is consisted of pumped storages, hydro-powers, wind and photovoltaic powers. It uses the flexible regulation capabilities of hydropower and the energy storage capabilities of the pumped storage to mitigate the uncertainty of the renewable energy generation and to facilitate the consumption of the renewable energy sources. To optimize the capacity allocation of hydropower, pumped storage, and renewable energy of a hybrid energy system considering the coupling of different energy sources, a bi-level two-stage robust mathematical programming model is developed.
A bi-level programming, also known as a dual-layer optimization problem, is different from a conventional optimization one in its characteristics of hierarchy, independence, conflict, priority, and autonomy. It is typically mathematically expressed as:
[image: image]
where, x and y represent the decision variables in the upper and lower-level respectively, F (x, y) and G (x, y) are the objective functions in the upper and lower-level optimizations respectively, fn and gn are the corresponding constraint conditions.
In the proposed bi-level optimization model, the upper-level minimizes the investment, while the lower-level optimize the operational plan based on optimized results in the upper-level, in order to achieve maximum economic benefits of the hybrid energy system. The upper-level allocates the capacity to the lower level under the condition that its own constraints are satisfied, and the lower-level designs the optimal power distribution under this capacity and transmits the results to the upper level, thereby influencing the upper level’s decision-making (Boloukat and Foroud, 2018). It can be seen that there is a game relationship between the capacity, the power distribution, and the operation mode in the entire hybrid energy system; and this paper attempts to find a balance between the capacity and the power distribution in order to obtain the maximum economic benefits. The schematic diagram of the proposed bi-level programming model is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Schematic diagram of a bi-level programming.
2.1 Upper-level optimization model
2.1.1 The objective function
The goal of the upper-level optimization is to minimize the total investment of the whole hybrid energy system by determining the capacity allocation of the pumped storage and the small hydropower in the system. The total investment is composed of three parts: the construction investment, the operation and maintenance investment, and the replacement investment. Consequently, the mathematical expression of the upper-level model is given as:
[image: image]
where, NPC represents the total investment cost, NPCpump represents the total cost of the pumped storage, and NPCHS represents the total cost of the small hydropower. The formulas for calculating these costs are:
[image: image]
where, Ppump_max represents the planned installed capacity of the pumped storage unit, Cpump refers to the unit price of the installed capacity per kilowatt, COP represents the operation and maintenance costs of the reversible pumped storage unit, Ta signifies the whole duty cycle, r denotes the discount rate, Crep_pump represents the replacement cost of the pumped storage unit, Trep_pump represents the lifespan of the pumped storage unit,
[image: image]
where, PHS_max represents the planned installed capacity of the hydropower unit, CHS refers to the unit price of the installed capacity per kilowatt, COH represents the operating and maintenance costs of the hydropower unit, Crep_HS represents the replacement cost of the hydropower unit, Trep_HS represents the lifespan of the hydropower unit.
2.1.2 The constraints

1) Pumped storage unit constraint
The capacity of a pumped storage unit needs to satisfy the following constraint condition:
[image: image]
where Ppump_powermax represents the maximum value of the installed capacity of the reversible pumped storage unit.
2) Hydropower unit constraint
The capacity of the hydropower unit needs to satisfy the following constraint condition:
[image: image]
where PHS_powermax represents the maximum value of the installed capacity of the hydropower unit.
3) Minimum power constraint
In the entire hybrid energy system, stabilizing the uncertainty of new energy outputs is proposed to be jointly accomplished by the pumped storage and the small hydropower regulations. In addition, there is no any thermal power generation in the system to bear the base load. Consequently, the sum of the installed capacities of the aforementioned two power plants should be not less than the total of the curtailed wind and photovoltaic power at any given time instant. Moreover, the total energy production should also satisfy the load demand with an enough surplus. Therefore, the minimum power constraints on the two energy productions should satisfy the following constrains:
[image: image]
where, Pw-q (t) represents the curtailed wind power, Ppv-q (t) represents the curtailed photovoltaic power, L (t) represents the load, PW (t) represents the wind power output, and PPV (t) represents the photovoltaic power output, at time t.
2.2 Lower-level optimization model
2.2.1 The objective function
The goal in the proposed lower-level programing is to maximize the economic benefits of the hybrid energy system by optimizing its operational mode, given the capacity allocation from the upper-level procedure. Mathematically, the lower-level problem is formulated as:
[image: image]
where, EP (t) represents the time-of-use electricity price, PHS(t) represents the electricity sold by a small hydropower power plant at time t, Ppump (t) represents the electricity sold by a pumped storage power station at time t, T represents the number of time periods, I represents the total revenue obtained from optimizing the operation.
The electricity sold by a pumped storage power station is calculated from:
[image: image]
where, Pch (t) represents the power consumed when the pumped storage power station operates in the pumping mode, so the electricity sold is negative as it requires purchasing electricity; Pdis (t) represents the power generated when the pumped storage power station operates in the discharging mode, so the electricity sold is positive. ηch and ηdis represent the efficiencies of the pumping and discharging processes, respectively.
2.2.2 The constraints

1) Operation constraints of the pumped storage power station
In the operation of a pumped storage power station, different factors such as the maximum power of the units and the upstream reservoir capacity should be considered. Consequently, the following constraints are applied.
(a) Power constraint
The constraints applied to the power include:
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where, Epump_max represents the electricity generation corresponding to the maximum capacity of the upstream reservoir of the pumped storage power plant. It limits the maximum power in the operation of the pumped storage plant to be smaller than the minimum value between the maximum installed capacity of the units and the maximum electricity generation capacity based on the reservoir storage capacity.
(b) Reservoir capacity constraint
The constrains applied to the reservoir capacity are:
[image: image]
This constraint assumes that the initial reservoir capacity of the upstream reservoir is half of its maximum capacity. Nk represents the kth time period, Δt represents the length of the time periods, ensuring that the upstream reservoir capacity at each time is not smaller than zero and does not exceed its maximum capacity.
(c) Water inflow and outflow constraint
The constraint for the water inflow and the outflow is:
[image: image]
This constraint is used to ensure that the consumed electricity and generated electricity of the pumped storage power station remain consistent within a day, guaranteeing that the proposed model can still be applicable after 1 day.
2) Operation constraints of the small hydropower station
Similar to a pumped storage power station, a small hydropower station also needs to meet the following three constraints in operation.
(a) Power constraint
[image: image]
where EHS_max represents the electricity generation corresponding to the maximum capacity of the upstream reservoir of the hydropower plant.
(b) Reservoir capacity constraint
[image: image]
(c) Water inflow and outflow constraint
[image: image]
where PHSK(t) represents the corresponding electricity generation capacity for the inflow volume of the water from the upstream at time t.
3 LINEARIZATION AND SOLUTION STRATEGY
3.1 0-1 Variables and a two-stage robust optimization model
A pumped storage power station can not work simultaneously on the pumping and discharging modes. To model this phenomena, two 0-1 variables are introduced in Eq. 10. The two variables respectively indicate that the unit operates on pumping or discharging mode. Moreover, 0 represents that the unit does not operate in the mode in question, while 1 represents that the unit operates in the mode in question. By introducing these two 0-1 variables, the summation of the two variables at a time instant t should not exceed 1 to prevent the occurrence of the two working states simultaneously. Moreover,
[image: image]
After the introduction of the aforementioned two 0-1 variables, the corresponding lower lever optimization problem becomes a nonlinear and nonconvex one, giving rise to difficulties in developing an efficient and accurate solution methodology. On the other hand, the minimization of the investment cost is only related to the capacities of the pumped storage power station and the small hydropower station, and is independent of the two 0-1 variables. In this point of view, the capacity planning and operation optimizing can be solved separately, and implemented in two consecutive phases. More specially, in the first phase, the decision on the capacity allocation is made, and are then transferred to the second phase. To transform the nonconvex lower level problem to a convex one, it is proposed that the 0-1 variables are treated as some uncertain parameters related to the second-stage decision variables, and are characterized by an uncertain set. As a result, a two-stage robust optimization problem is developed for the lower–level programming, and mathematically formulated as (Zeng and Zhao, 2013):
[image: image]
where, x represents the decision variables for the optimal operation of the pumped storage and the small hydropower; y represents the decision variables for the capacity allocation; c, b, d, h, A, G, E, and M represent the deterministic parameters related to the decision variables; z represents the 0-1 variables, and the uncertain set composed of all possible values of z is denoted by Z; F (y,z) represents the feasible domain of the inner level in the second stage, where the first stage decision variables y and uncertain parameter z are both fixed values at this phase. The corresponding robust “max max” problem in Eq. 17 is readily to be solved by any existing technique. Moreover, in Eq. 17, cTy corresponds to the upper-level model in Eq. 2, while bTx corresponds to the lower-level model in Eq. 8; z represents the 0-1 variables mentioned in Eq. 16. The constraints here include all the constraints of Eqs 5–7; Eqs 10–15.
After the aforementioned manipulations, the proposed optimization model is no longer a nonconvex optimization problem with 0-1 variables, but rather transformed into a convex two-stage robust optimization problem. It is readily to solve the corresponding problem by using a robust optimizer.
3.2 C&CG algorithm
To simplify the solution methodologies, the C&CG algorithm is used to solve the proposed two-stage robust optimization problems and its fundamental procedure is explained as: initially, only the decision variables and constraints of the first stage are considered, which is equivalent to taking a relaxed version of the original problem. The optimized decision variables of the first stage are then fixed, and the corresponding subproblem of the second stage is solved to find a possible worst-case scenario. The decision variables and constraints corresponding to this scenario are added to the master problem. As the number of variables and constraints in the main problem increases, the objective function values obtained from solving the master problem and subproblem gradually approaches each other until the algorithm converges.
The general form of the master problem is:
[image: image]
where, η represents the objective function of the second stage, xl and ul denote the decision variables and uncertain parameter values identified under the recognized scenario l.
The general form of the subproblem is:
[image: image]
The lower bound of this subproblem determined by solving the master problem, while the solution of the subproblem provides an upper bound for the original problem. The upper and lower bounds are continuously updated by iterations, and their expressions are as follows:
[image: image]
where, y* k represents the value of the decision variables in the first stage in the kth iteration, x* k represents the value of the decision variables in the second stage in the kth iteration, η* k represents the objective value in the second stage in the kth iteration, UB and LB represent the upper and lower bound. When the condition |UB-LB|≤ɛ is satisfied, the iteration is stopped. To facilitate the numerical implementations of the proposed methodology, its flowchart is intuitively shown in Figure 2.
[image: Figure 2]FIGURE 2 | Flow chart of C&CG algorithm.
3.3 KKT equivalence
The Karush-Kuhn-Tucker (KKT) condition is usually used to simplify and linearize the double-layer structure and nonlinear terms existing in optimization models.
When solving the master problem, there exists a min-max problem that cannot be solved directly. However, for the inner level function in the second stage, the decision variables and uncertain parameters in the first stage are fixed, so the subproblem becomes a continuous linear optimization problem. KKT conditions can be used for reasonable equivalence (Korani and Eydi, 2021), that is, the lower-level objective function and constraint conditions are equivalent to KKT conditions, and then these KKT conditions are added to the upper-level model to form a complementary mathematical programming problem.
4 CASE STUDY
To validate the effectiveness and the applicability of the proposed model and methodology for the optimal capacity allocation of a hybrid energy system, the numerical results on a case study are given.
4.1 Prototype hybrid energy system
A typical daily scene in the southwestern part of China is selected as the scenario for optimizing and scheduling the hybrid energy system. The system is equipped with a total installed capacity of 207.5 MW wind power units, a total installed capacity of 1000 MW photovoltaic units, and a yet-to-be-optimized installed capacity of small hydropower and pumped storage.
In this study, the time-of-use electricity prices from an industrial park electricity trading in China are used for the system operation optimization in the lower-level planning model (Huang et al., 2022). The fluctuation trend of electricity prices is shown in Figure 3, indicating the presence of peak-valley fluctuations. Prices are higher during periods of higher electricity load, such as from 11:00 to 14:00 and 18:00 to 22:00, and lower during the night when electricity load is lower. This reflects that electricity prices are determined by the market.
[image: Figure 3]FIGURE 3 | Electricity price variation in 1 day.
The predicted loads, photovoltaic, and wind power outputs from an industrial park for the typical day in summer are shown in Figures 4–6, respectively. The technical and economic parameters of pumped storage and small hydropower units are given in Table 1, 2. From Figures 4–6, it can be observed that the typical daily loads exhibit two peaks before and after 13:00 and 18:00, with low wind power output and high photovoltaic output. However, the photovoltaic output shows significant fluctuations. The photovoltaic output roughly corresponds to the typical daily loads and demonstrates strong load tracking capabilities with peak-shaving characteristics.
[image: Figure 4]FIGURE 4 | Typical daily load variations.
[image: Figure 5]FIGURE 5 | Typical daily photovoltaic output characteristics.
[image: Figure 6]FIGURE 6 | Typical daily wind power output characteristics.
TABLE 1 | Technical and economic parameters of the pumped storage units.
[image: Table 1]TABLE 2 | Technical and economic parameters of the small hydro units.
[image: Table 2]4.2 Numerical results
In the numerical implementations of the proposed methodology, the optimization period for the typical day is T = 24 h, with a time scale of Δt = 1 h. In order to analyse the impact of different energy storage modes in a hybrid energy system on the operational strategies of various power stations and the economic benefits throughout the duty cycle, and to verify the feasibility of optimizing the capacity allocation of the hybrid energy system using the proposed bi-level planning model, two different cases, the hybrid energy systems with and without electricity storages, are considered.
Using the model parameters and cost parameters set in Section 4.1, the planning model proposed in the paper is solved by the C&CG algorithm. According to the typical daily loads and renewable energy output, it is determined that the total installed capacity of the small hydropower and pumped storage needs to reach 1200 MW. The optimized capacity allocation scheme for the hybrid energy system with an energy storage is 500 MW for a pumped storage and 700 MW for a small hydropower. On the other hand, without any energy storage, the installed capacity of hydropower is 1200 MW. Obviously, with and without an electricity storage in the hybrid energy system will significantly affect the capacity allocation of the power plants and therefore influence the economic efficiency of the capacity allocation scheme over the entire duty cycle, as detailed in the proceeding sections. The model parameters and constraints can be abstracted from Table 1, 2.
The following will investigate the optimal capacity configuration of the system obtained through the planning model from the perspectives of the operation mode and the economic benefits of the hybrid energy system. This analysis aims to verify the effectiveness of the planning model in solving the capacity optimization configuration problem of the hybrid energy system.
4.2.1 Operation mode of the system
The optimal operation results of the small hydropower plant with electricity storages is shown in Figure 7 (regardless of the dead water level). From the figure, it can be observed that the small hydropower plant adopts the following operational strategies based on the market electricity price: during the highest electricity price periods 11:00–14:00 and 18:00–22:00, the plant releases waters to generate electricity to maximize economic benefits while meeting all operational constraints. During the lowest electricity price period from 4:00 to 7:00 and the relatively lower electricity price period from 16:00 to 18:00, the water is stored by upstream inflow into the reservoir, so as to have sufficient water volumes for power generations during a high electricity price period.
[image: Figure 7]FIGURE 7 | Optimized operation results of the hydropower station in the system with electricity storages.
In a system without any electricity storage, the operation results of the small hydropower plant is to continuously release waters through water turbine to generate electricity and sell it to the grid based on the natural flow rate. In this mode, only a small portion of the water flow exceeding the planned turbine capacity can be stored and sold in the peak electricity price periods. As a result, the annual revenue from electricity sales is relatively low, which is also reflected in Table 3.
TABLE 3 | Comparison of operation results of the hybrid energy system with/without electricity storages.
[image: Table 3]The hourly pumping and discharge volumes of the reversible pump-turbine in the hybrid energy system with electricity storages are shown in Figure 8. In the lower-level planning model optimization operation mode, the pumped storage power station can receive powers generated by other power plants during the off-peak period (22:00 to 7:00), as well as purchase power from the grid. In the high electricity price periods (12:00 and 21:00), the power station releases water to generate electricity, thus ensuring profitable power sales for the system. By incorporating pumped storage power stations, the hybrid energy system enriches the power supply options and greatly affects the increase in the annual revenue from electricity sales.
[image: Figure 8]FIGURE 8 | Optimized operation results of the pumped storage power station in the system with electricity storages.
4.2.2 Economic benefits of the system
The optimal operation results of the hybrid energy system are shown in Figure 9, and the comparisons of the operational outcomes with and without electricity storages according to various parameters are tabulated in Table 3.
[image: Figure 9]FIGURE 9 | Optimized operation results of the hybrid energy system.
The recoup investment span for the hybrid energy system with an electricity storage is 1.945 years, compared to 3.213 years in the system without any electricity storage. This indicates that, under the precondition of meeting the optimized operational mode of the hybrid energy system, the system with an energy storage has a higher recoup investment rate compared to that of the system without any energy storage, other thing being equal.
Furthermore, the hybrid energy system with an electricity storage also reduces load reduction to a certain extent.
In addition to the recoup investment span of the hybrid energy system, the benefits obtained during its operation are also important indicators to measure the economy of the system. As shown in Table 3, the hybrid energy system with an energy storage generates a daily revenue of 13.811 million Chinese yuan from electricity sales, which is 1.16 times higher than that in the system without any energy storage.
The above results indicate that the hybrid energy system with an electricity storage can bring significant economic benefits throughout the project cycle, playing a crucial role in the development and investment of renewable energy generation companies.
5 CONCLUSION
This paper explores the capacity configuration and operational scheduling optimization of the pumped storage and small hydropower plants for a hybrid energy system of wind power, photovoltaic, small hydropower, and pumped storage power plants. In this respect, a two-stage robust optimization model and the corresponding solution methodology are proposed. The numerical results on a case study have demonstrated that integrating the energy storage in hybrid energy systems enhances the consumption capability of renewable energy while ensuring economic benefits, validating that the presented work effectively achieves the coordinated development between the energy storage and the new energy sources.
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