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Abstract

:

The scientific and technical issues related to energy harvesting and conversion are inseparably bound to the issues of environmental protection. Energy conversion systems and devices that are applied for converting the chemical energy contained in different fuels into heat, electricity, and cold in industry and housing are sources of different gases and solid particle emissions. Thus, the development of different technologies for energy conversion and environmental protection that can be jointly applied to cover growing energy needs has become a crucial challenge for scientists and engineers around the world. Progress in the precise description, modeling, and optimization of physical and chemical phenomena related to these energy conversion systems is a key research and development field for the economy. Legal and social issues that are affecting key aspects and problems related to the energy conversion and power sector are also significant and worth investigating. The aim of Energy Processes, Systems and Equipment Special Issue is to publish selected high-quality papers from the XV Scientific Conference POL-EMIS 2020: Current Trends in Air and Climate Protection—Control Monitoring, Forecasting, and Reduction of Emissions (29–31 March 2021, Wrocław) and other papers related to the field of energy conversion.
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Since the beginning of humankind, energy has been the most important need for each human and living being. Consequently, the most important human energy need is the primary chemical energy contained in food. However, modern humans also have a very high demand for high-quality energy products such as electricity, high- and low-temperature heat, and mechanical power. For many years, it has been observed that this demand is constantly growing, which is undoubtedly due to the increasing number of energy receivers and the ease of access to various energy products [1,2]. The increase in energy demand applies to all areas of the economy, i.e., industry, transport, and households [3,4]. For this reason, in many countries, investments related to the implementation of new large power plants and smaller dispersed energy systems along with the development of innovative technological solutions that minimize environmental impact are necessary [5,6,7,8,9,10,11]. The development of different means of energy conversion that can be applied to cover growing energy needs and to increase the power and efficiency of generating sources has become a crucial challenge for scientists and engineers around the world, making the power industry, in which operation is based on subsequent energy conversion processes, one of the most important fields of the local, national, and global economy today.



The constantly growing energy generation is reflected in the increasing consumption of different energy carriers, such as fossil fuels, and over the last few decades, increasing attention has been paid to existing fuel resources and the possibility of their depletion in the future. Attention was paid to the development of technologies enabling energy harvesting from alternative sources (renewables and waste) [12]. Increased activity in this area led to the development of many innovative and efficient energy conversion technologies over the last few decades, the use of which minimizes the negative impact on the environment. International legal regulations related to the necessity of alternative energy usage have been introduced, and social campaigns aimed at educating consumers about the need for energy consumption rationalization and measures of energy consumption minimizing have also been launched.



Despite the growing usage of alternative energy sources, many large power plants worldwide are still based on fossil fuels [13]. Consequently, problems related to environmental protection, i.e., emissions of greenhouse gases and solid pollutants released during the combustion of different fuels, are of great importance. The need to reduce the emission of harmful substances into the atmosphere has been conditioned by international legal obligations (EU directives, EURO standards, and others) [14,15]. Works on highly efficient technologies that reduce the emission of these substances are setting trends in modern research in the field of energy conversion. Among others, effective electrostatic precipitators [16], heavy metal capture [17], NOx reduction [18], and oxy-fuel technologies [19] can be mentioned. However, in the case of industry, meeting stringent emission standards is becoming increasingly technically difficult, as well as more cost- and energy-intensive. One of the possible solutions is to limit the share of manufacturing processes that require fossil fuel combustion. In many systems, however, this task is very difficult or impossible to perform for technical (i.e., in selected technological processes, the energy obtained from fossil fuel combustion is the only energy source that can be applied) and economic reasons because it is connected with expensive investments. For many developing countries that do not have an infrastructure based on the use of renewable energy or nuclear power, the possibility of minimizing the share of fossil fuel combustion processes is very limited.



In addition to the increased use of renewable and waste energies, other prospective means of reducing fossil fuel consumption are activities related to the diversification of energy systems [20], supporting prosumer activities [21], better energy management [22], and increasing the efficiency of energy conversion processes and energy consumption [23]. It should be remembered that the use of alternative energy resources is not always easy. In some cases (e.g., use of hydrogen), the harvesting technology is still imperfect [24]. Another problem is social resentment towards some technologies, such as municipal waste incineration plants [25]. Establishing proper cooperation between machines and devices using alternative energy sources and the energy grid of the country is also an important challenge. In particular, this concerns matching the energy supply and demand characteristics, as the place of energy generation is not always near to where the demand occurs. It is then necessary to transfer energy to the consumer through an energy grid which has specified requirements related to the quality and quantity of transferred energy. Especially for systems harvesting energy from alternative sources, these requirements are not always met [26,27]. However, the efficient and sustainable use of alternative energy sources is necessary. In addition to many of the positive aspects related to environmental protection, there are other important reasons. Energy safety is one of them. By using alternative energy and local fossil fuel sources, there is the possibility of virtual power plant system implementation [28]. Such a system could cover the local energy demand and supply the energy in the case of a fuel crisis, natural disaster, or the failure of the national energy system. It is expected that energy consumption will grow in the future, which may have a negative impact on the natural environment. Therefore, special focus should be paid to the development of emerging clean energy conversion technologies that can potentially be applied in the near future for energy generation. These technologies include large scale systems, such as, for example, combined cycle gas turbines (CCGT) or thermonuclear reactors like the ITER (international thermonuclear experimental reactor), as well as smaller power systems that can be applied in energy clusters (e.g., hydrogen systems, solar panels, batteries, and other energy storage devices).



All in all, progress in the precise description, modeling, and optimization of physical and chemical phenomena related to energy conversion processes bound to large and dispersed power systems is a key research and development field for the economy. Detailed analysis related to individual input parameters and components that are directly or indirectly influencing the energy conversion chain should be conducted to achieve the final effect of a highly efficient and environmentally friendly power industry. Legal and social issues that are affecting the key aspects and problems related to the energy conversion and power sector are also significant and worth investigating. The aim of Energy Processes, Systems and Equipment Special Issue is to publish selected high-quality papers from the XV Scientific Conference POL-EMIS 2020: Current Trends in Air and Climate Protection—Control Monitoring, Forecasting, and Reduction of Emissions (29–31 March 2021, Wrocław) and other papers related to the field of energy conversion.
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