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Abstract 

The modernization and restructuring of the electricity sector are urgently needed since they 

are a critical component of emissions of pollutants. One efficient way to encourage energy 

conservation and emission reduction in the power business is to use sustainable energy 

producing techniques. However, the considerable randomness and uncertainty inherent in the 

electricity generated by sustainable energy sources impede the rates of eating out of this 

energy .Considering these difficulties, this work constructed a dispatch of hybrid financial 

emissions (DHEE) model to explore the development of an effective regulatory mechanism 

under a grid link for sustainable energy. First, operating expenses and pollutant emissions 

were used as goal functions in the DHEE model construction for wind, solar, thermal, and 

storing, which took lively constraints into consideration. Secondly, an ideal lively grid 

integration factor technique and the GWEH-based solution strategy were proposed. Finally, 

the proposed method and algorithm were verified using improved IEEE-39 bus test 

equipment. The results indicated that, in the same test scenarios, the Pareto optimal borders 

generated by the GWEH algorithm fared the best competitively. Furthermore, GWEH's 

system cost was 4.28% lower than it would have been in the absence of sustainable energy, 

and emissions were reduced by 11.68% using the optimal lively factor grid intigration 

method. This study significantly increases the rates of sustainable energy eating out in the 

power industry and boosts energy management effectiveness. 

Introduction 

Worldwide, nations are currently dealing with issues including excess carbon emissions and a 

shortage of fossil fuels. Sustainable energy sources, such as wind and solar power, have 
become essential tools in the fight against these problems since they provide sustainable, eco-

friendly, and green alternatives [1,2]. Refs. [3,4] demonstrate how the power sector not only 

underpins financial growth but also plays a major role in the eating out of fossil fuels and the 

release of greenhouse gases into the atmosphere. The electricity system is regarded as one of 

the most intricate systems in the world due to its large and complex character, which is why 

optimal dispatch has been a constant inquiry focus [5,6]. Optimal dispatch is the process of 

rationally allocating unit output under certain limitations to achieve an optimal state of 

comprehensive indicators inside the system [7,8]. 

The employment of sustainable energy plays a pivotal role in promoting sustainable growth 

within the power industry and achieving strategic goals such as "carbon neutrality" and 
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"carbon peaking." However, there are challenges because the process of producing 

sustainable energy is essentially inconsistent and unpredictable. There has been a great deal 
of interest in developing strategies to address optimal dispatch problems that can handle the 

complexity and nonlinearities of sustainable energy generation during power system 

scheduling. 

Different classification rules divide optimal dispatch into a number of categories [9]. 

Depending on the number of enhancement objectives, optimum dispatch can be categorized 

as single objective or multi-objective [10]. Schedule planners that use conventional financial 

dispatch only consider the economy of the system. This sort of dispatch is known as single 

objective optimal dispatch. For example, by considering the hidden flexibility of the external 

network, the transmission capacity limits of the line, and the producing capacity restrictions 

of the system, Dai et al. [11] developed a multi-period financial dispatching model. However, 

the impact of the valve point effect on system operating costs was overlooked in Ref. [11]. To 

maximize the system's financial gains, Ref. [12] developed an financial scheduling model 

using energy storing devices and sustainable energy sources. Additionally, a multi-level 

resilient method with improved convergence performance was proposed. Ref. [12] did not, 

however, examine how uncertainty in the production of sustainable energy affects the 

stability of system operation. In order to improve the solving effect of the financial dispatch 

model, Refs. [13] and [14] proposed swarm intelligence algorithms with superior exploration 

performance and shown their superiority in tackling challenging enhancement scheduling 

difficulties. However, References [13] and [14] ignored the population diversity problem, 

leaving the algorithm susceptible to local extremism solutions and reducing the viability of 

the final scheduling plan. However, given the increasing severity of the environmental 

pollution problem, energy conservation and emission reduction have become an inevitable 

trend in the evolution of the power industry [15,16]. Given the traditional economy's 

incapacity to meet demand, the objective and development direction of power dispatching in 

this context have evolved to financially emission tracking, which emphasizes the 

coordination of environmental protection and financials [17, 18]. For example, Refs. [19] and 

[20] developed an intelligent algorithm-based solution technique and an financial emission 

scheduling model to balance the cost and emissions of the scheduling strategy. Moreover, 

Ref. [21] developed an affordable emission dispatch model by combining a number of neural 

networks. Hard power flow calculations were lowered by using neural networks to forecast 

transmission losses. The labour-intensive nature of neural networks was overlooked in Ref. 

[21], delaying the creation of the scheduling strategy.   In order to investigate the impact of 

sustainable energy power generation on reducing system cost and emissions, Ref. [22] 

developed a hybrid financial emission model combined with sustainable energy power 

generation and suggested an improved moth-flame enhancement technique. However, the 

detrimental consequences resulting from variations in the output of sustainable energy were 

not discussed in Ref. [22]. 

Additionally, depending on the time scale, real-time, day-ahead, and intra-day dispatch can 

be identified as subtypes of optimal dispatch [[23], [24], and [25]]. Because real-time 

dispatch has a minimum operating time of fifteen minutes, quick decision-making techniques 

are required. Uncertainty in real-time dispatch can be decreased by using balance generators 

with outstanding execution efficiency and consistent performance, following Ref. [26]. Intra-

day dispatch primarily focuses on decision-making plans for the next one to four hours in 

order to minimize uncertainty. It then adjusts the producing plan based on the results of short-

term load projections [27]. On the other side, day-ahead dispatch has the longest time 
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window, typically spanning a 24-hour cycle. Day-ahead dispatch offers the benefit of having 

ample of time to optimize scheduling arrangements, per Ref. [28]. 

When considering the cross-section and time coupling components of scheduling, optimal 

dispatch falls into two categories: static dispatch and lively dispatch [29, 30]. Static optimum 

dispatch only takes into account optimizing unit output at a specific moment in time when 

determining the optimal distribution strategy for unit outputs [31]. On the other hand, lively 

optimal dispatch takes time section coupling and variations in load demand into consideration 

in order to produce an optimal output allocation plan for a scheduling cycle while adhering to 

characteristic limits of the units [32]. Lively optimal dispatch considers the connectedness 

between different time sections, but static optimal dispatch does not, as references [32, 33] 

point out. This feature enables lively optimal dispatch to proactively adjust the load in 

advance. Due to the inclusion of these interdependencies and proactive load modifications, 

the lively optimal dispatch arranging process necessarily becomes more complex. 

In order to supply environmentally friendly and sustainable electricity, the power sector must 

be modernized and changed right away. As a result, interest in hybrid lively financially 

emission tracking (DHEE) models—which incorporate power generation from sustainable 

energy sources—has significantly increased. For example, Ref. [34] developed a DHEE 

model that includes solar and wind energy, taking emission levels and fees into consideration 

in the goal function and accounting for transmission losses caused by uncertainty in 

sustainable energy production. Ref. [34] did not, however, take into account how uncertainty 

in sustainable energy sources affects costs and emissions. Ref. [35] developed a mixed-

integer quadratic constraint programming solution approach and provided a DHEE model 

that can quantify emissions from electric vehicles indirectly. This model aims to address the 

coordination between power grid operations and transportation networks. However, the 

significant nonlinearity present in DHEE issues was not taken into consideration in Ref. [35], 

and it is possible that programming-based solution techniques will not converge to the Pareto 

optimal frontier. In the DHEE framework, Refs. [36, 37] created the Weibull distribution to 

quantitatively examine the uncertainty related to wind power. Refs. [36,37] did not, however, 

investigate how variations in wind output affect transmission losses and the need for spinning 

reserves. 

Apart from dispatch arranging, a notable study field that falls into the categories of prior and 

posterior approaches is the design of solution methods for DHEE problems. Earlier 

approaches include applying single-objective enhancement algorithms after transforming the 

multi-objective enhancement issue into a single-objective problem by the use of strategies 

like weight factors and penalty factors [38]. For example, the cost and emission objectives in 

DHEE were converted into a complete objective using weight factors in Refs. [20, 22, 30], 

and the DHEE model was solved using single-objective enhancement techniques. 

Conversely, posterior techniques build specialized multi-objective enhancement algorithms in 

order to directly address the multi-objective DHEE problems while preserving the multi-

objective nature of the DHEE problem [39]. For instance, to address DHEE issues, Refs. 

[40,41] used the multi-objective differential evolution algorithm and the non-dominated 

sorting genetic algorithm-III, respectively. According to Ref. [42], prior approaches are less 

complex in structure than posterior methods and address DHEE issues directly without 

changing the algorithmic framework. 
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To sum up, most of the inquiry being done now aims to address the uncertainty surrounding 

the production of sustainable energy by incorporating rotating reserve constraints or 
accounting for transmission losses when building DHEE models. However, prior inquiry has 

not specifically recommended any one reliable technique for minimizing oscillations in the 

power produced by sustainable energy sources. The No Free Lunch theorem also states that 

there isn't an algorithm that can solve every enhancement problem in all cases. To address the 

deficiencies of previous studies on DHEE issues, this inquiry developed a wind-solar-

thermal-storing DHEE model and proposed a novel grid intigration technique to ensure 

stability in sustainable energy generation. Furthermore, a tailored solution approach was 

developed to address difficult and nonlinear DHEE problems. The key contributions of the 

study are summed up as follows: 

• ● 

It was suggested to use an ideal lively grid intigration factor technique for a new wind, solar, 

thermal storing, and DHEE system. Through low storing costs and high generating profits, 

this method maximizes the financial benefits of the power system while minimizing swings 

in grid-connected sustainable energy. It does this by utilizing the flexible energy time shift 

characteristics of storing units. 

• ● 

A hierarchical order weight allocation technique was presented for the Grey Wolf 

Enhancement Hybrid (GWEH) algorithm. This algorithm works well at addressing intricately 

linked DHEE problems and has competitive convergence performance. 

• ● 

The output of the generating units was maximized by applying the best lively grid intigration 

factor method, which increased the rate of use of sustainable energy and promoted its growth. 

Drawing from the previously described contributions, the objective of this inquiry is to 

improve the financial efficiency, stability, and utilization rate of power systems that include 

sustainable energy sources. 

The rest of this essay is organized as follows: The best lively grid intigration factor method is 

incorporated into the DHEE model, which is formulated in Section 2. The GWEH-based 

approach to solving the DHEE problem is then introduced in Section 3. An analysis and 

discussion of the results are given in Section 4. Section 5 provides a conclusion to this paper 

and addresses its limitations. 

Section summaries 

Creation of the DHEE using the best possible lively grid intigration factor approach 

This study took into account both emission and financial objectives for solving the DHEE 

challenge. It is hard to find the best solution for every objective at the same time while 

tackling multi-objective enhancement issues since there is a rivalry relationship between the 

various purposes. When addressing the DHEE problem, it might be difficult to strike a 

balance between the decision-making plan's environmental and financial benefits. Fig. 1 

depicts the DHEE problem's framework. 
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Hierarchical order weight allocation approach combined with the GWO algorithm 

An innovative swarm intelligence program called the Grey Wolf program (GWO) combines 
tracking, encircling, attacking, and hierarchical order. The GWO method has competitive 

convergence performance when compared to other algorithms like PSO, DE, and WOA. It 

has been widely used in many different fields [43]. 

Based on dominance, wolves are categorized into α, β, δ, and ω in the hierarchical order of 

GWO. With the most dominant and superior quality, Wolve α 

Case Reports 

This work builds an upgraded test system with two wind farms and one photovoltaic plant, 

based on the IEEE 39-bus thermal power system (Fig. 5). The detailed requirements of the 

IEEE 39-bus test system are provided in Refs. [20,53]. 

The load requirement for every dispatch interval is displayed in Fig. 6. 

As illustrated in Fig. 6, the load was divided into three zones: valley, flat, and peak, at 

different dispatch periods. The rates for power at each zone are listed in Table 5. 

 

Finally, some words 

A major contributor to greenhouse gas emissions, the electricity sector is the engine of most 

rapid financial expansion. Since sustainable energy provides clean, environmentally friendly 

qualities that will support the transformation and modernization of the power sector, it has 

become clear that using it to generate power is essential to achieving this aim. However, the 

generation of sustainable energy exhibits a large lot of randomness and uncertainty due to 

external environmental effects, which poses  
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