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1. Introduction


As renewable energy technologies decrease in cost and become more prevalent, there is an increasing trend towards electrification of many energy systems. This is in effort to align end use of energy with the prevailing renewable electricity generation technologies: solar photovoltaic and wind energy, which are electricity-generation technologies. While this electrification effort will be beneficial in many ways, there remain significant challenges associated with the exclusive adoption of renewable energy technologies. One of these challenges is the intermittency of renewable energy sources. Another is the fact that not all end uses of energy are electrical. While they may perhaps need to be applied situationally, multi-generation and hybrid energy systems can greatly enhance the efficiency, reliability, and economics of renewable energy systems. For instance, solar thermal power plants can produce more than just electricity, and the ability to cogenerate multiple products, such as fresh water, can dramatically improve the overall system efficiency [1,2]. Similarly, hybrid solar thermal power generation systems, relying on a complimentary energy source, such as natural gas, have actually proven to increase the amount of solar energy harnessed and improve the reliability compared to a stand-alone solar thermal system [3,4]. Hybrid and multi-generation energy systems can enhance overall energy performance largely because they give a system more flexibility. This flexibility can be exploited via optimization techniques centered on maximizing efficiency, minimizing cost, or minimizing environmental impact.



This special issue of Processes highlights many different ways that novel multi-generation or hybrid energy systems can enhance overall energy system performance. The papers in this issue can be broadly divided into three categories: (1) multi-generation and district energy systems, (2) hybrid power generation applications, and (3) coordination at the grid or micro-grid level to better enable multiple sources of energy. With a hybrid or multi-generation system, automation and optimization are essential. This special issue focuses on modeling, control, and optimization of these systems and each contributed paper contains these elements. Using these tools of process systems engineering, the performance of hybrid energy systems can be enhanced from an economic, environmental, or reliability standpoint.




2. Multi-Generation and District Energy Systems


In their paper on combined cooling, heating, and power (CCHP) systems, Zheng et al. conducted multi-objective optimization on the design of a plant equipped with photovoltaics, wind, natural gas, thermal storage (both heat and cooling), and absorption cooling. The design of the system can be adapted in order to optimize different objective functions. Their study shows that this system is capable of reducing total investment costs, increasing environmental benefits, and increasing system reliability [5]. In terms of operational optimization of CCHP systems, Xu et al. proposed a staged optimization strategy designed to help with scheduling of the system. Their strategy includes a day-ahead economic scheduling stage, an intraday rolling optimization stage, and a real-time adjustment stage. Their strategy helps to account for potential forecasting errors and allows the system to be both economical and reliable [6]. Chen and Wang also focused on optimal system scheduling for integrated energy systems. Their multi-objective optimization algorithm helps to improve the economic dispatch of integrated energy systems [7]. From a modeling and energy/exergy analysis standpoint, Zhang et al. explored various hybrid configurations of absorption chillers, designed to recover waste heat and convert it to cooling energy. Their hybrid designs improved the peak coefficient of performance (COP) of the system by up to 15% [8]. Another method of process cooling is through lake water heat pump systems. Shahzad et al. completed a performance assessment of a closed loop system in Pakistan and found that an average COP as high as 3.46 could be achieved with this system [9]. Modeling of district heating networks can also provide valuable insight. Hanus et al. evaluated a combined heat and power (CHP)-driven steam heating network for an industrial complex. Their thermo-hydrodynamic model helps to identify bottlenecks in the process so that improvement opportunities can be identified [10]. For optimization of complex hybrid energy systems, Quah et al. proposed a novel methodology for process optimization. Rather than traditional methods that require a process model that is frequently pinged to determine optimal operation, they proposed using reinforcement learning and demonstrated that computational speeds can be dramatically enhanced compared to more conventional methods [11].




3. Hybrid Power Generation Applications


Modeling, control, and optimization are also important in power generation applications. In their study on concentrated solar power (CSP), Al-Kouz et al. used the System Advisor Model to evaluate a plant with thermal energy storage. Their results showed capacity factors of up to 41%, demonstrating that CSP plants with storage are getting more reliable [12]. Reliability of renewable power generation systems can also be enhanced with good control algorithms. Hamed et al. demonstrated that by applying nonlinear structural control to an offshore wind turbine system. They focused on vibration control, stability, and energy transfer by using advanced control techniques, yielding very positive results [13]. Advanced control and optimization techniques can help make important decisions about complex energy systems. Niegodajew et al. demonstrated this by applying the Nelder-Mead approach to a modern thermal power plant. Their results show that optimization can be achieved in combination with advanced software packages, such as IPSEpro and MATLAB, in order to make decisions such as setting bleed and outlet pressures on turbines [14]. Control and design decisions can also be integrated by using advanced tools such as economic linear optimal control. A study by Zhang et al. showed that this tool can be used in an integrated gasification and combined cycle (IGCC) plant to maximize plant revenue by shifting production times toward periods of high electricity prices [15].




4. Grid and Micro-Grid Applications


As process systems engineering tools have proven effective in power generation applications, they are also effective in grid regulation applications. For multiple plant coordination efforts, Xu et al. developed an event-triggered communication mechanism to be used for optimal frequency regulation of multiple power generation stations on the grid. This algorithm allows for multiple distributed systems to coordinate with minimal communication burden [16]. On a similar topic, Weng et al. also developed a hybrid-triggered mechanism for distributed secondary control of islanded microgrids [17]. Luo et al. developed a multi-timescale rolling optimal dispatch methodology, which they applied to grid-connected AC/DC hybrid microgrids. In their paper, they propose a three-timescale system that helps to coordinate grid operations with day-ahead, intraday, and real-time dispatching stages [18]. While hybrid power generation systems are connected electrically at the grid level, the grid interfaces with end uses of energy. Other forms of energy, such as thermal and mechanical, can also affect grid operations. Simmons et al. demonstrated this in their study on using proactive energy optimization of residential buildings. They use weather and market forecasts to incentivize home owners to store energy via batteries, schedule their appliances, and use their HVAC system as a thermal battery. Their work demonstrated cost reductions of up to 40% for homeowners [19]. Although there may be a substantial benefit for homeowners to change their energy behavior, the use of market signals at the grid level can also be a way to turn residential buildings into a grid asset. On a similar topic, Sheha et al. have demonstrated that a real-time market can be an effective means for coordinating demand-side behavior, allowing the grid to leverage distributed energy resources such as battery storage and home energy management systems [20,21].




5. Conclusions


This special issue includes many innovative designs as well as modeling, control, and optimization techniques for hybrid and multi-generation energy systems. Each of these works contains a novel contribution to science and engineering with the mission of improving the reliability, efficiency, environmental performance, or cost of these systems. They have demonstrated that hybridizing a system to give it more flexibility can indeed improve system performance and that the tools of process systems engineering are invaluable in realizing these benefits.
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