
Scholar Publishing Group 

Academic Journal of Energy 

https://doi.org/10.38007/RE.2020.010203 

ISSN 2790-2714 Vol. 1, Issue 2: 18-26 

 
 

 
 

Copyright: © 2020 by the authors. This is an Open Access article distributed under the Creative Commons Attribution License (CC BY 4.0), which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited 
(https://creativecommons.org/licenses/by/4.0/). 

 
18 

Regional Energy Strategy Based on Engineering 

Thermodynamics 

Ammar Jaine
*
 

Madhyanchal Professional University, India 

*
corresponding author 

Keywords: Engineering Thermodynamics, Regional Energy, Energy Strategy, Solar Power 

Plant 

Abstract: The formulation of scientific strategies must be aware of the advantages and 

disadvantages of regional structure. Sustainability is the only safe way. This will inevitably 

require the energy structure to change in the direction of diversification and environmental 

friendliness, and the energy use to change in the direction of saving and cleaning. The 

purpose of this paper is to study regional energy strategies based on engineering 

thermodynamics. Using electrical engineering, thermodynamics, fluid mechanics and other 

multidisciplinary knowledge, this paper systematically discusses the strategic significance 

of building a coordinated green development of regional ecology and energy industry, and 

deeply studies the potential impact of large-scale photovoltaic development in the Gobi 

region on the local ecological environment. The effect of large-scale laying of photovoltaic 

panels on the local evaporation in the Gobi was analyzed by thermodynamic modeling. 

Taking the M area, which is the most representative of photovoltaic development, as an 

example, and using NASA's measured data to conduct a detailed analysis, it is concluded 

that the large-scale laying of photovoltaic panels reduces the local surface temperature, 

weakens the evaporation capacity, and helps the soil to retain water. 

1. Introduction 

Region is a relative concept, which is artificially formulated by people according to the 

administrative planning, economic characteristics, natural conditions and social development of the 

region, and constitutes a part of the country [1-2]. Economic development and energy utilization are 

inseparable. Energy provides power for the train of the times, and the progress of economy, science 

and technology, and human knowledge level constantly promotes people to improve energy 

utilization efficiency and develop and utilize new energy [3]. Clean energy can not only effectively 

improve the level of regional energy use and promote the transformation of regional energy use 
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from extensive to intensive, but also effectively control and optimize the regional energy structure, 

which greatly eases the pressure on the ecological environment [4]. 

At present, my country's energy application situation is very serious, energy problems have 

become a major factor affecting the harmonious development of my country's economy and society, 

and one of the reasons for my country's energy problems is the lack of energy application planning 

[5]. Afrakhte H proposes a coordinated energy management strategy to optimize the operation of 

MMG systems using variable weighted multi-objective functions. Based on this approach, in the 

event of an emergency, multiple operators are able to change the weight of functions according to 

the emergency and take responsibility for the correct use of energy storage systems and other 

distributed energy sources. Furthermore, an efficient optimization algorithm called target search 

shuffle complex evolution is proposed to rapidly optimize decision parameters in both fault and 

normal operating modes [6]. Azizivahed A investigates the expected unsupplied energy (EENS) and 

voltage stability index (VSI) of distribution networks in dynamically balanced and unbalanced 

distribution network reconfigurations, including RES and EES systems. Furthermore, due to the 

high investment cost of EES systems, the number of charge and discharges is limited, and 

state-of-health constraints are included as potential issues to extend the life of these facilities. The 

optimal charging/discharging scheme and optimal distribution network topology for EES system are 

proposed to simultaneously optimize operating cost, reliability and safety metrics. The proposed 

strategy is applied to a large-scale 119-bus power distribution test network to show the economic 

rationality of the proposed method [7]. In addition, the renewable energy is included in the scope of 

energy planning, and the planning scope is more detailed and extensive [8]. 

Based on the analysis of regional energy planning methods at home and abroad, this paper takes 

the regional energy strategy as the core, establishes the basic framework of the coordinated 

development strategy of regional ecology and energy industry green, and puts forward the 

calculation model of the regional energy strategy. The research object uses the green coordinated 

development strategy and calculation model of regional ecology and energy industry established in 

this paper for preliminary application and analysis. The important role of new energy is not only 

reflected in the transformation of traditional energy, but also in environmental governance, land 

reform, and promotion of related industries. development, etc. 

2. Research on Regional Energy Strategy Based on Engineering Thermodynamics 

2.1. Basic Characteristics of Regional Sustainable Development System 

The regional sustainable development system is a dynamic, open and complex giant system. The 

regional sustainable development system exchanges material and energy with other systems outside 

the region; the subsystems and the elements within the subsystems are still in a state of flux. In the 

midst of constant movement and change [9-10]. Therefore, even if the level of economic and social 

development between regions is similar, the interaction between population, resources, environment 

and development also has its own characteristics. For the regional sustainable development system, 

the process of regional development is always the unity of certainty and randomness [11]. 

2.2. Regional Ecology and Green Coordinated Development Strategy of Energy Industry 

(1) Change the mode of economic development and establish the concept of green development 

Ecological construction has received more attention than before, and the extensive economic 

growth mode in the past is facing the danger of being eliminated. The government advocates green 
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development, even at the expense of economic growth rate to achieve green economic development 

[12-13]. To achieve green development, we must optimize the energy consumption structure and 

industrial structure, increase investment in new energy research, and pay enough attention to new 

energy. The optimization of industrial structure involves the adjustment of the tertiary industry 

structure and the adjustment of light and heavy industries [14]. 

(2) Strengthen scientific and technological innovation and promote ecological optimization 

construction 

Science and technology are the primary productive forces. Nowadays, a large part of the 

deterioration of the ecological environment is caused by the backwardness of science and 

technology. To strengthen scientific and technological innovation, all localities must attach great 

importance to the development of education, introduce innovative talents in professional fields with 

high salaries, increase investment in scientific and technological research and development, and 

introduce new technologies and new equipment required for research and development. Enterprises 

attaching importance to scientific and technological research and development can increase the 

competitiveness of enterprises. In order to survive the survival of the fittest, the innovation of 

science and technology can reduce the emission of pollutants and add luster to the corporate image 

[15-16]. Strengthening scientific and technological innovation can not only bring many benefits to 

the enterprise itself, but also make great contributions to the society. 

(3) Solar power plant project 

A solar power station is a power station that converts solar energy into electricity. Its basic form 

of operation is the use of a large number of solar collectors. Because it does not pollute the 

environment and emit no harmful gases, solar energy is currently the cleanest sun, radiating light all 

the time, and is also a renewable energy source [17]. 

Microinverters can be used in small to medium rooftop solar power plants such as homes, 

schools and factories. The micro-inverter has the characteristics of flexible and convenient 

installation, high power generation efficiency, high safety factor, high intelligent management, and 

low maintenance cost. 

2.3. Engineering Thermodynamics 

(1) Thermal convection model 

The ground surface is in direct contact with the air, and if there is a temperature difference 

between them, heat exchange in the form of convection will occur between the ground surface and 

the air [18]. The convective heat transfer formula adopts the classical Newtonian cooling formula: 

)( gacGA TThQ                            (1) 

In the formula: Tg/(°C) is the surface temperature; Ta/(°C) is the air temperature; when the total 

amount of convective heat transfer is constant, the factors affecting the ground temperature include 

air temperature and wind speed [19]. 

(2) Thermal radiation model 

The radiation received by the surface is expressed as formula (2): 

44

ggaaGn TTQR                       (2) 

In the formula, Q/(J/m2.h) is the total solar radiation; aG is the surface radiation absorption ratio. 

According to the properties of the Gobi Desert, aG=0.9; σ is the Stefan-Boltzmann constant; εg is 

the specific emissivity of the ground. 



Academic Journal of Energy 

21 
 

(3) Heat conduction model 

The heat conduction existing on the surface is the heat exchange of the solid medium below the 

surface. According to the law of heat conduction, the heat conduction equation is shown in formula 

(3): 
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In the formula, a is the thermal conductivity; Z is the distance between a certain point 

underground and the surface. 

3. Investigation and Research on Regional Energy Strategy Based on Engineering 

Thermodynamics 

3.1. Program Design and Example Simulation 

(1) Programming 

The program used in this paper mainly includes three parts. The first part is based on the daily 

maximum and minimum air humidity and the average direct solar intensity. The second part is 

based on the radiation intensity to obtain the ground temperature at different depths. Solve the 

results to calculate the evaporative force. The related programs are written in the Matlab 

environment, and the program flow chart is shown in Figure 1. 

 

Figure 1. Flowchart of the calculation program for the influence of solar power plants on soil 

moisture evaporation 

3.2. Introduction to Calculation Examples 

Province M is one of the most important areas in the country to develop photovoltaic projects in 

start 

Input data 

Calculation of direct sunlight intensity 

Find the ground temperature at different depths 

Evaporative power 

end 
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a centralized manner. Here, we take the M area with a large number of completed and under 

construction photovoltaic projects as an example for calculation and analysis. Province M is vast 

and sparsely populated with few rainfall. The average annual rainfall is 40mm, but the average 

annual evaporation is more than 2000mm. The sunshine duration is long, the annual average is as 

high as 3600 hours, which has typical desert characteristics and has sufficient light resources, which 

is suitable for large-scale development of solar energy resources. China is building a solar 

photovoltaic power station group, which is a typical large-scale concentrated solar power station 

project in desert. The data used in the calculation of the example in this paper is the measured data 

of NASA, and the RETScreen software is used to obtain the meteorological data in 2020 from the 

database officially provided by NASA, and the simulation is carried out in combination with the 

above model. 

4. Analysis and Research of Regional Energy Strategy Based on Engineering 

Thermodynamics 

4.1. Primitive Ground Temperature 

The RETScreen software data acquisition platform is shown in Table 1: 

Table 1. Statistics 

Month Air temperature(℃) Land temperature(℃) Relative humidity Wind speed (m/sec) 

1 -5.6 -6.5 35% 1.5 

2 -3.8 -4.6 28% 2.1 

3 1.5 -1.1 33% 2.2 

4 5.7 3.2 26% 3.5 

5 9.6 7.6 28% 3.4 

6 16.4 15.3 30% 2.8 

7 17.8 15.8 31% 2.5 

8 20.4 17.4 25% 2.4 

9 11.5 10.6 30% 1.7 

10 8.2 3.8 36% 1.6 

11 4.4 2.7 33% 1.4 

12 -1.8 1.9 27% 1.8 
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Figure 2. Meteorological data of M in 2020 

In the four seasons, one day is taken as a typical day for analysis and simulation in the order of 

winter, spring, summer and autumn. At the same depth level, the fluctuation range of ground 

temperature in summer is significantly higher than that in winter, as shown in Figure 2, taking 1cm 

ground temperature as an example, the highest ground temperature Usually around two in the 

afternoon. 

In the same season, as the depth increases, the temperature fluctuation range decreases, and the 

temperature change lags. Taking summer as an example, for every 10cm depth increase, the 

temperature change lags about 2 to 3 hours. As the depth increases, the ground temperature 

decreases degrade. The ground temperature at a depth of 50 cm remained basically stable over time. 

4.2. Ground Temperature after Lying 

A large number of simulation calculations have been carried out for laying photovoltaic panels in 

different proportions on the ground. Here, the effects of laying 0%, 10%, 20%, 30%, 40%, and 50% 

photovoltaic panels on the ground surface on soil temperature are given. 

After laying photovoltaic panels, the maximum value of surface temperature decreased 

significantly with the increase of laying density, and the decrease was approximately proportional to 

the change of laying ratio. For every 10% increase in the laying ratio, the maximum surface 

humidity decreases by about 4.2 degrees Celsius. When the laying ratio is 40%, the daily maximum 

temperature drops by about 6.4 degrees Celsius. The ground temperature at a depth of 50 cm 

remained basically unchanged with time, and the ground temperature at a depth of 40 cm decreased 

by about 1.2 degrees Celsius for every 10% increase in the proportion of photovoltaic panels. 

According to the annual meteorological data of M ground given by NASA, the annual average 

surface temperature changes before and after the laying of 50% PV panels were obtained. As shown 
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in Figure 3, the construction of solar power plants makes the surface temperature decline 

throughout the year, and the decline in summer is greater than that in winter. 

Table 2. Comparison of ground temperature before and after laying 

Month Unlaid panels Lay 50% panels 

1 -6.5 -9.2 

2 -4.6 -6.6 

3 -1.1 -4.5 

4 3.2 -1.1 

5 7.6 -4.2 

6 15.3 10.4 

7 15.8 9.2 

8 17.4 11.4 

9 10.6 6.5 

10 3.8 1.2 

11 2.7 -1.2 

12 1.9 -2.8 

 

 

Figure 3. Annual ground temperature before and after laying solar panels 

The research results show that the large-scale construction of solar power plants makes the 

surface temperature of the Gobi Desert in the M region change in a direction conducive to the 

growth of vegetation during the vegetation growth period, and the soil evaporation decreases. 
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5.Conclusion 

Energy and environmental issues are two of the most challenging major issues in this century. 

Improving energy efficiency and developing a low-carbon economy are the inevitable choices to 

achieve sustainable development in today's world. The coordinated development of economy, 

energy and environment is also an important prerequisite for realizing my country's modernization 

and sustainable development goals. In this paper, the land temperature, air temperature and relative 

humidity in the M area are studied by using the engineering thermodynamic model. The 

coordinated development of ecological and energy system in M area is studied by using the 

coordinated development of solar power plant project. Through empirical research, this paper 

summarizes the annual ground temperature before and after the installation of solar panels in M 

area, and puts forward the path of coordinated development of energy and ecology in M area. 
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