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Abstract

:

Traditional cow manure composting equipment often lacks ventilation, heating, and real-time monitoring and adjustment capabilities, hindering manure maturation and proper utilization of compost, moisture reduction, and optimal environmental conditions for microbial activity. To address these limitations, we optimized and redesigned the structure and control elements of conventional composting equipment. In doing so, we developed a novel cow manure composting apparatus based on the target composting quantity method. The new design features a refined ventilation and heating structure, as well as an enhanced control system using PLC and MCGS. This equipment provides improved composting effects while offering real-time monitoring of composting data, effectively promoting the composting process. Further evaluation of the modified equipment was conducted using fermented cow dung, demonstrating its feasibility. The experiment yielded positive results, indicating that the composted cow manure satisfied all necessary standards across all evaluation parameters. These parameters included the moisture content of the compost, the duration of high temperature, the pH, and the seed germination index. The seed germination rate reaches 85%, and the water content of manure is 9.3%, which is much higher than the industry standard.
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1. Introduction


China’s Inner Mongolia region encompasses 1.3 billion mu of natural grassland and 30 million mu of artificial grassland, creating unique advantages for the development of the dairy farming industry. With 66 major cattle and sheep farming counties in the region and approximately 95,000 large-scale cattle and sheep farms, it holds the highest number of cows in the country [1,2]. The herd size is steadily increasing year by year, resulting in a large volume of cow manure. Untreated cow manure can lead to massive environmental pollution [3,4,5]. The acceleration of China’s urbanization and the rural population decline has created challenges in agricultural production, most significantly, the decrease in land fertility. Traditional agricultural production relies on the extensive use of chemical fertilizers and pesticides, causing environmental pollution, soil fatigue, and the imbalance of nature. Therefore, it is crucial to identify environmentally friendly and sustainable agricultural production methods.



Aerobic fermentation composting is one of the most effective methods to address environmental pollution and soil fatigue stemming from cow manure [6,7,8]. Composting organically converts waste into high-quality fertilizer through the decomposition of microorganisms. However, traditional composting methods face issues such as insufficient fermentation, long fermentation periods, and odor [9,10,11]. Consequently, more efficient and environmentally friendly composting equipment is necessary.



Cow manure is a prevalent organic waste, and its treatment and utilization play a significant role in environmental protection and agricultural production. Traditional cow manure treatment methodologies, including open-air composting [10,12], closed composting, and biogas fermentation, often results in odor interference, harmful gas generation, and low fertilizer efficiency. Recently, due to heightened environmental awareness and technological advancements, ventilation and heating of cow manure composting equipment have gained considerable attention. This equipment facilitates microbial activity in cow manure through heating and ventilation, accelerating compost decomposition and transformation [13,14,15,16], thereby enhancing fertilizer utilization efficiency and reducing odors and harmful gas emissions. However, current research on ventilated and heated cow manure composting equipment remains limited, necessitating the evaluation and optimization of such equipment, which holds significant theoretical and practical implications. This study aims to investigate the working principles, advantages, disadvantages, and factors affecting the performance of ventilated and heated cow manure composting equipment to provide a scientific basis for its promotion and application.



Conventional cow manure composting equipment design often lacks ventilation, heating, and real-time monitoring and adjustment functions, hindering effective manure maturation, compost utilization, moisture reduction, and providing suitable environmental conditions for microbial activities [17,18,19]. Based on these limitations, traditional composting equipment was optimized. Cow manure composting equipment employing the target composting method was developed, selecting appropriate air pumps and designing a heating box with a ventilation structure. The control system was optimized for real-time monitoring and adjustment capabilities, creating an effective device to promote the composting process. Subsequently, fermented cow dung equipment was evaluated.



Traditional manure composting equipment has long faced several challenges that have hindered optimal composting processes [20]. Chief among these drawbacks is the lack of ventilation and heating functions and the absence of a system for real-time composting data monitoring [21,22]. These limitations hinder the efficient maturation of livestock and poultry manure and obstruct comprehensive compost utilization. Additionally, the operational complexity of traditional composting equipment necessitates considerable manpower and resources, adding another layer of difficulty to the process [23,24]. In a bid to overcome these limitations and propel composting practices forward, this paper introduces a composting apparatus that checks all the boxes that traditional composting systems do not. This innovative device comes with integrated ventilation, heating, and real-time composting data monitoring capabilities [25].



Ventilation is crucial for supplying the necessary oxygen for proper composting [26]. The heating function maintains the ideal composting temperature, accelerating the breakdown of organic material. Real-time data monitoring allows for prompt adjustments and maintains ideal composting conditions [27,28]. Moreover, the apparatus inextricably links the aeration and heating devices. This linkage enhances the control of the entire composting process, optimizing operations and ensuring all components work in harmony. This new, integrated, and optimized equipment is a game-changer. It offers a solution conducive to the effective and efficient conversion of manure to valuable compost, marking a crucial progression in manure composting and organic waste management and, ultimately, more sustainable agriculture.




2. Materials and Methods


2.1. Structural Design of Ventilation and Heating Cow Manure Composting Equipment


2.1.1. Design of Cattle Manure Fermentation Tank Based on Target Compost Amount


In the operation of cow dung composting equipment, the design of inlet and outlet is very important. This paper believes cow dung import and export should be based on the fermentation tank’s structural size and target compost amount. The fermentation tank of cow dung composting equipment is regarded as a cylinder, and the corresponding inner cavity diameter and height [29,30,31] can be further determined after the internal volume is known. The study found that cow dung composting is most effective when the height–diameter ratio of the fermentation tank is greater than 2, which also minimizes heat loss during the process. With this in mind, the authors designed the fermentation tank cavity of the composting equipment to have a height diameter ratio greater than 2, taking into account the equipment’s practical needs. To ensure optimal results, the inner cavity of the fermentation tank should meet the following expression:


  h =    h  a 1      h  a 2     ≥ 2  



(1)







Among them,    h  a 1     represents internal height;    h  a 2     refers to inner diameter. The authors designed the fermentation tank cavity of the composting equipment to have a height diameter ratio greater than 2 for optimal cow dung composting. To calculate the volume of the fermentation tank, the following expression should be used:


  V =  1 4  π  d 2     h  a 1      h  a 2      



(2)







Among them,  V  represents the volume;  d  represents the diameter. Cattle manure composting equipment produces gases such as ammonia, methane, hydrogen sulfide, and carbon dioxide during the composting process. To accommodate these gases, a portion of the internal space in the fermentation tank needs to be reserved. The cow dung is in a loose accumulation state with large internal porosity [32]. To facilitate feeding and material collection, the fermentation tank is equipped with a feed inlet and a discharge outlet on the side and bottom, respectively. The feed inlet includes open and closed bin doors and a ramp feed channel to avoid mixer impact, achieve synchronous feeding and mixing, and improve mixing efficiency [33,34,35]. The bottom of the fermentation tank is funnel-shaped to allow for natural material falls, and the outlet is located in the middle. The structure diagram of the fermentation tank of cow dung composting equipment designed in this paper is shown in Figure 1.



Cow dung composting is a relatively static and oxygen-consuming process. The amount and activity of microorganisms are different due to different fermentation processes of materials in different areas of composting, which affects the overall fermentation rate of materials [36]. Regular mixing and rotation of the reactor body can make the materials in the reactor body mix evenly and provide enough oxygen for the reactor body, which is conducive to the life activities of aerobic bacteria. During mixing, the temperature of each space area is evenly mixed [17]. Therefore, in the design of composting equipment fermentation tanks, special attention should be paid to the rationality of its mixing section design.




2.1.2. Reasonability Verification of Mixing Blades Based on ANSYS


The stirring blade design presented in this article comprises three transverse main blades and multiple oblique auxiliary blades. The main blade is welded to the middle support section at a 45° angle to the shaft’s axial direction. The three transverse main blades are spaced 120° apart. Each transverse main blade has three parallel diagonal auxiliary blades fixed to it, with a 60° angle between them. Threaded holes are located on the middle support section’s side, allowing it to be locked onto the shaft using set screws.



Three-dimensional solid modeling of the mixing blades in the mixing section was completed using SOLIDWORKS 2023, with a physical image displayed in Figure 2. During finite element analysis, the mixing device was idealized, and a 3D tetrahedral 4-node computational domain grid was generated using Workbench, featuring a mesh size of 2 mm and a total of 167,074 elements. According to material mechanical property estimates, the external load produced by the mixing device is approximately 120 N. Based on literature analysis [37], the maximum temperature of the aerobic composting pile can reach 70 °C. To better simulate the composting environment, the temperature is set at 70 °C. Analysis results are illustrated in Figure 3.



As shown in Figure 3, the maximum deformation of the three-blade E-shaped stirring blade is located at the tip of the E-shaped blade, while the maximum stress and elastic strain are located at the connection part between the blade and the fixed component. The maximum stress is 58.194 Mpa, which meets the standard and has strong firmness. Based on previous research [38], it can be seen that the stirring blade has stirring function, which is superior to most stirring structures on the market and will greatly improve the degree of fermentation maturity.




2.1.3. Selection of Air Pump for Composting Device


As an important part of the hot air device of the cow dung composting equipment, the air pump can provide the required air volume for the operation of the composting equipment and the working air pressure required by the agitator. The air pump design involves creating two separate ventilation pipelines using a y-shaped three-way interface. One of these pipelines delivers and heats the air, which is then dispersed into the fermentation tank through an aeration pipe. The other pipeline is connected to a pneumatic agitator with a cylinder-driven shaft. The speed of the agitator increases in proportion to the gas flow rate as long as the working pressure remains stable. Based on the above requirements, select the type of air pump commonly used in the market at present, and finally, determine the air pump model and working parameters for this equipment, as shown in Table 1.



As shown in Table 1, the model and working parameters of the air pump of the cow dung composting equipment with vent heating designed in this paper, the ventilation volume of its air outlet meets the requirements of the ventilation volume required by the stack, and the exhaust pressure meet the requirements of the working pressure of the pneumatic mixer.




2.1.4. Structural Design of Heating Box with Vent


After completing the air pump selection and working parameter design of the above composting equipment, the next step is to comprehensively design the structure of the heating box with vents of the composting equipment. Before designing the structure of the heating box with vents, it is necessary to calculate the ventilation rate of the cattle manure composting equipment with vents.



Ventilation is an important factor affecting the quality of compost products. Part of the total ventilation is used to provide microbial degradation of organics, and part of it is used to remove water in compost [39]. Therefore, the total ventilation volume is determined by considering the oxygen consumption of physical and chemical reactions and the oxygen required for water removal. There are many organics in the pile, including about 15% nitrogenous organics, about 90% volatile solids, about 60% material moisture, and about 12% biodegradable organics [40]. The formula for calculating the ventilation rate of composting equipment is


   V a  =    M 0  ( 1 − W )  V m   K v     Z 0   P a     



(3)







Among them,    V a    represents the ventilation volume of cow dung composting equipment;    M 0    represents the total material mass of cow dung composting equipment;  W  represents the material moisture content of cow dung composting equipment;    V m    represents the amount of volatile solids in cow dung composting equipment;    K v    represents the degradable organic matter of cow dung composting equipment;    Z 0    represents the oxygen mass fraction in the air during the operation of the cow dung composting equipment; and    P a    refers to the air density under standard atmospheric pressure when the cow dung composting equipment is running. According to the ventilation calculation results of the cow dung composting equipment, the ventilation distribution ring of the equipment vent is designed, and the structure diagram is shown in Figure 4.



There are two kinds of ventilation pipes used in this composting equipment; one is a PU hose, and the other is a stainless steel pipe. The parameters and function settings of the two ventilation pipes are shown in Table 2.



As shown in Table 2, this refers to the parameter and function settings of the vent pipe of composting equipment with vent heating. There are three modes of ventilation and oxygen supply: passive ventilation, natural ventilation, and forced ventilation [12]. Forced ventilation is to inject sufficient air into the reaction tank regularly and quantitatively through the mechanical agitator. The ventilation hole is arranged on the blade of the mixing shaft to allow air to enter during the mixing operation [36]. On this basis, the heating box with the vent of the composting equipment is designed as a rectangle, and the size of the heating box refers to the structure of the fermentation tank. This paper describes the design of a heating box made of 304 stainless steel, with dimensions of 500 mm × 350 mm × 300 mm and vents [41]. The box consists of a top cover and a main structure, with an electric heating pipe installed in the middle of the top cover. Air inlets and outlets are located on both sides of the box, connected to the air inlet and outlet pipes. Air is pumped into the box through the pipe and heated by flowing through the electric heating pipe. Heat balance analysis is necessary to understand the heat transfer during air heating and determine the appropriate power of the electric heating tube. The selection of electric heating tubes is based on commonly used types in the market.





2.2. Control Design of Ventilation and Heating Cow Manure Composting Equipment


2.2.1. MCGS Touch Screen Design


Touch screens serve as crucial human–computer interaction tools and are vital components of automation control equipment. In the composting control system, the touch screen establishes communication with the PLC and sensors, allowing it to display real-time data collected by the sensors during the pile fermentation process and from the air within the tank. Simultaneously, it provides an operation interface, facilitating start and stop control of the air pump, electric heating tube, and motor. The chosen touch screen model is the Kunlun Tongtai TPC7062Ti, which is primarily designed for constructing the user window section. This section displays real-time data information on the stacking material and allows for automatic or manual operation. The primary monitoring interface of the user window is showcased in Figure 5.




2.2.2. PLC Programming


To achieve the high-temperature stage of composting, it is essential to maintain the compost material’s temperature between 55 °C and 65 °C for as long as possible, promoting organic matter decomposition and enhancing the fermentation rate. If the stacking temperature falls below 55 °C, the control system activates the electric heating tube for preheating. Upon reaching the preheating time, the air pump is started for ventilation, and both the air pump and electric heating tube are turned off once the stacking temperature reaches 65 °C or above. Simultaneously, microorganisms decomposing organic matter will continuously consume oxygen, reducing the oxygen concentration in the fermentation tank. If the oxygen concentration drops below 15%, the control system starts the air pump to introduce room temperature air until the tank’s oxygen concentration rises above 19% before turning off the air pump.



The Siemens S7-200/200 CN series PLC is programmable using V4.0 STEP7 MicroWIN SP9 software, which supports three programming methods: ladder diagram, function block diagram, and instruction table. Considering the control principles and conditions of this composting control system, using a ladder diagram for control program writing is more convenient and intuitive. The main program section is illustrated in Figure 6.




2.2.3. Touch Screen and PLC Communication Settings


The touch screen connects to the PLC via an RS485 serial port. During communication, it not only receives data information transmitted by sensors through the PLC but also sends control commands for the PLC to execute related operations. By utilizing configuration design software, data channels and connection variables are set within the window of the central and western gate PLC equipment, which allows for a one-to-one correspondence between data and instruction transmission. In the device editing window, corresponding data channels are added, and channel types, data types, channel addresses, and read/write methods are configured. Subsequently, variable objects and their connections from the database are specified, establishing a link between the touch screen and the PLC.





2.3. Experimental Verification of the Composting Effect of Cow Manure


2.3.1. Test Materials


The cow manure used in the composting experiment was taken from the modern dairy farming pasture in Inner Mongolia, China, as shown in Figure 7a; corn stalks are taken from the Agricultural Machinery Laboratory of the College of Inner Mongolia Agricultural University, which are crushed into 2–3 mm stalks, as shown in Figure 7b.




2.3.2. Test Equipment


When carrying out composting experiments, besides the necessary composting materials, additional experimental materials, supplies, and relevant testing instruments or equipment are required, as shown in Figure 8 and Figure 9 The test materials and supplies primarily entail fermentation starter, activated carbon, mung bean seeds, farmland soil, seedling basins, glass measuring cylinders, and watering cans. The testing instruments mainly comprise electronic scales and small soil testers.



Before composting, it is necessary to add an appropriate amount of fermentation starter to the heap to increase the content of microbial flora and improve. The decomposition effect of organic matter promotes the composting of the heap. The additional amount of the fermentation starter is related to the actual composting amount, and they are added at the ratio of 1 kg: 1 mL (stack: fermentation starter). Activated carbon is placed in the deodorization device of the composting equipment to adsorb and filter the odor discharged from the fermentation tank; seedling pots, farmland soil, mung bean seeds, spray pots, etc., are used for determining the seed germination index of the compost samples taken during subsequent composting experiments, which is one of the evaluation indicators of the compost maturity.



The electronic scale is mainly used for weighing the quality of composting raw materials, such as cow manure and corn straw, and plays an accurate role in controlling the mixing ratio of materials in pre-composting experiments and actual composting experiments. The soil multi-element tester can detect indicators such as pH value, temperature and humidity, electrical conductivity EC, and nitrogen, phosphorus, and potassium content of the compost material. In subsequent composting experiments, this data can be used as one of the evaluation indicators for whether the compost material has completed its maturity.




2.3.3. Test Method


The most suitable initial moisture content for composting is 50% to 60%, while the original moisture content of cow manure raw materials cannot meet this requirement. Therefore, pretreatment is needed to improve the moisture content. At the same time, the relevant research results of livestock manure composting show that [42,43,44] adding crop straw can effectively improve the organic matter content of the compost and the levels of nitrogen, phosphorus, potassium, and other elements in the final manure are significantly increased. Referring to the research content of the previous literature and the production status of manure, the mixed stack of cow dung and corn straw was mixed at a mass ratio of 20:1, and then appropriate water was added to adjust the initial moisture content of the mixed stack to reach 50~60%.



During the actual composting experiment, the temperature, humidity, and oxygen concentration within the composting material’s tank are recorded at 12 h intervals. This data collection continues until the end of the composting cycle. Based on previous research, it is determined that compost can decompose within a few days after three ventilation–heating cycles. Therefore, the experiments designed in this article all feature three ventilation–heating treatments. When placing the processed pile material into the fermentation tank, daily unloading and sampling of the pile material are performed.



A portion of the stacked samples is combined with a specific amount of farmland soil, and 36 mung bean seeds are spread across the mixture. Regular watering simulates the actual planting effect, allowing the observation of seed germination. Another portion of the sample is poured into a bucket, and a soil comprehensive sensor is used to detect the pile material and collect data. By utilizing the MCGS data report function and experimental test data, graphs illustrating fermentation temperature changes, seed germination index, oxygen concentration changes within the tank, and stack humidity changes can be generated. The acquired graphs can be further discussed and analyzed.






3. Results and Analysis


3.1. Temperature Changes in Composting


Figure 10 illustrates the temperature changes during the composting process of cow manure composting equipment. According to the composting material’s temperature change chart, the total duration of this composting experiment is 13 days, with the high-temperature stage lasting about 8 days under ventilated heating conditions. The composting material’s maximum temperature can reach 69.9 °C. The time interval between two adjacent ventilation and heating operations in this experiment is approximately 48 h, indicating that the insulation time of the fermentation tank designed in this article is around 48 h.



The national standard document “Technical Specification for Harmless Treatment of Livestock and Poultry Manure” specifies requirements for solid livestock and poultry manure treatment: the pile temperature must be maintained above 50 °C for no less than 7 days or above 45 °C for no less than 14 days. With a high-temperature stage duration of 8 days, this experiment satisfies the national standard requirements.




3.2. Humidity Changes in Composting


Figure 11 displays the changes in humidity during the composting process. As composting progresses, the humidity of the compost continuously decreases, with the rate of decrease being faster during the high-temperature stage. During the cooling stage, the rate of decrease gradually slows down and ultimately stabilizes at around 9%.



The industry standard document organic fertilizer stipulates that the moisture content of composted organic fertilizer shall be less than 30%. After 13 days of composting, the moisture content decreased from 58.3% to 9.3%, meeting national requirements.




3.3. PH Value Changes in Composting


Once the artificial heating phase starting on the 8th day of the composting process is completed, the pH value of the composting material is sampled and tested. Figure 12 shows the changes in pH value during the composting process. From the graph, it can be seen that the pH value of compost changes from weakly alkaline to weakly acidic in the middle and later stages of composting, both before and after improvement. This observation is consistent with the results of the natural fermentation composting experiment.



The industry standard document organic fertilizer (NY 525-2012) stipulates that the pH of composted organic fertilizer should be between 5.5 and 8.5. The pH value after composting is 6.7, which meets the requirements of national standards.



The composting process often witnesses a decrease in pH value during the mature or stable stage, primarily due to the interplay between the production and consumption of organic acids. Initially, microorganisms decompose organic matter, generating a significant volume of organic acids and, consequently, lowering the pH value. As the process progresses, these microorganisms further break down these acids while converting ammonia nitrogen—a major component of compost—into nitrate. Both these processes consume hydrogen ions within the compost heap, facilitating an increase in pH value. However, during the compost’s mature stage, the generation of organic acids declines as most materials have been decomposed. Consequently, hydrogen ion concentrations rise within the compost heap, causing the pH value to decrease once more. This pH transition not only signifies compost maturity but also aids in suppressing the proliferation of harmful microorganisms, thereby enhancing the compost’s safety and stability.




3.4. Seed Germination Index Changes in Composting


The Germination Index (GI) is an indicator used to evaluate the degree of harmless and stable composting by assessing the compost’s inhibitory effect on plant germination. This index can detect the level of plant toxicity in compost samples and predict changes in plant toxicity within the compost.



The changes in seed germination rate during the composting process are shown in Figure 13. After the heating stage, the seed germination index (GI) of the pile material was sampled and tested in this experiment.



According to Figure 13, the germination index (GI) significantly increased during the composting process. From 37% at the beginning to 85% at the end of composting. According to the standard, when the GI is greater than 80%, it indicates that the pile material has completed decomposition and is basically free from plant toxicity. After composting, the GI value of cow dung manure is increased to about 85%, which meets the requirement of low plant toxicity for organic fertilizer.





4. Discussion


Cow dung, an abundant byproduct of dairy farming, carries a dichotomous potentiality—it can manifest as a source of pollution or serve as organic fertilizer. Its transformation hangs in the balance, subject to the effectiveness of composting management. Ineffective composting management or insufficient utilization of cow dung often culminates in dung accumulation, leading to environmental pollution. Hence, devising an efficient cow manure composting system is critical to optimizing its use as organic fertilizer and minimizing its environmental impact.



Traditional cow manure composting methods, while practical, often grapple with operational inefficiencies and practical application issues. These issues undermine the effectiveness of composting and, consequently, the quality of the resulting product. Recognizing these challenges, this article introduces an innovative cow manure composting device designed to improve traditional composting equipment.



The new composting device posits enhancements that address the deficiencies of traditional equipment. Notably, it incorporates ventilation, heating, and real-time monitoring and adjustment capabilities—functions untypically seen in traditional composting methods. Ventilation ensures optimal aeration, which is crucial to accelerating microbial activity and, consequently, the composting process. Simultaneously, integrated heating expedites the composting process by providing an environment conducive to microbial degradation of organic matter. Real-time monitoring and adjustment mechanisms imbue users with the capability to monitor key composting parameters such as temperature and moisture and make real-time adjustments in response to disturbances. Such improvements hold immense potential to boost the efficiency of the composting process and enhance the quality of the resulting compost.



The research conducted and presented in this article has precipitated the development of this cow manure composting system—a system that synergizes ventilation, heating, and real-time monitoring. The implementation of these features has resulted in significant improvement in the efficiency and fermentation quality of cow manure composting.



The resulting compost, following the improved composting process, meets and often exceeds the requisites of pertinent composting standards. These standards include parameters such as high-temperature duration, water content, pH, and a seed germination indicator referred to as the GI value. The composted cow manure complies with high-temperature duration norms, signifying that it has undergone sufficient processing to eliminate disease-causing pathogens. The compost also maintains appropriate water content, which is necessary for controlling moisture-dependent processes such as microbial activity and nutrient availability. Moreover, the compost registers acceptable pH and GI values, indicating its neutrality and non-phytotoxicity, respectively.



More importantly, the quality of the resulting compost provides conducive conditions for the survival and catabolism of microorganisms and aerobic organisms—an often overlooked yet crucial aspect of composting. The presence of these organisms ensures the continuous breakdown of organic matter within the compost even after its application to the soil. This ensures that nutrients are made available at a rate conducive to plant uptake, further enhancing the value of the compost as an organic fertilizer.



In conclusion, efficient management and utilization of cow manure through composting are essential to harnessing its potential as a valuable organic fertilizer while simultaneously averting its potential as an environmental pollutant. The introduction of the enhanced cow manure composting system, as presented in this study, marks significant advances in composting technology. It signifies a move towards enhancing composting efficiency, improving compost quality, and ultimately moving towards more sustainable and environmentally friendly agricultural practices.




5. Conclusions


This study provides compelling evidence that the cow manure composting equipment proposed herein significantly enhances the efficiency of livestock manure composting while yielding high-quality organic fertilizer. Through our thorough analysis, we derive two key conclusions:




	
The incorporation of efficient ventilation and heating systems, complemented by increased automation, augments the overall composting process efficiency. This advancement harbors the potential to be transformative in the realm of agricultural sustainability and offers solutions to the longstanding challenges faced in livestock manure management;



	
Compiled data confirms that the newly developed cow dung composting equipment successfully upholds the high-temperature duration of composting materials, aligning with industry-established norms. Moreover, the technology consistently produces organic fertilizer presenting desirable parameters: satisfactory water content, optimal acidity levels, and favourable seed germination rates.








In summary, the research findings underscore the feasibility and potential benefits of the proposed composting equipment, pointing towards a promising future for improved livestock manure management and sustainable agricultural practices.
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Figure 1. Structure diagram of fermentation tank of cattle manure composting equipment: 1 represents the inlet ring branch pipe of fermentation tank; 2 indicates temperature sensor; 3 represents upper cover buckle; 4 represents the upper cover; 5 refers to waste gas treatment device; 6 represents the reaction tank; 7 indicates fixed pin groove; 8 means drain outlet. 
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Figure 2. Physical image of mixing blade. 
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Figure 3. ANSYS simulation results of unimproved blades. (a) Maximum deformation point; (b) maximum elastic strain point; (c) maximum equivalent stress point. 
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Figure 4. Structure diagram of ventilation and air distribution ring of cow manure composting equipment: 1 represents the main pipe of the air distribution ring at the vent; 2 represents the air inlet of the air distribution ring; 3 represents the branch pipe of gas distribution ring; 4 indicates the cloth hole. 
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Figure 5. Monitoring screen. 
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Figure 6. PLC main program section. 
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Figure 7. Main raw materials for testing. (a) Cow dung; (b) corn stalks. 
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Figure 8. Partial testing equipment. (a) Starter; (b) glass measuring cylinder; (c) activated carbon; (d) mung bean seeds; (e) seedling pot; (f) farmland soil. 






Figure 8. Partial testing equipment. (a) Starter; (b) glass measuring cylinder; (c) activated carbon; (d) mung bean seeds; (e) seedling pot; (f) farmland soil.



[image: Applsci 13 08649 g008a][image: Applsci 13 08649 g008b]







[image: Applsci 13 08649 g009 550] 





Figure 9. Part of test instruments. (a) Electronic scale; (b) soil integrated sensor. 
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Figure 10. Temperature changes during composting process. 
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Figure 11. Process of moisture change in the stack material. 
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Figure 12. Test result of pH value. 
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Figure 13. Test result of seed germination index. 






Figure 13. Test result of seed germination index.



[image: Applsci 13 08649 g013]







[image: Table] 





Table 1. Model and working parameters of air pump for cattle manure composting equipment.
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	Number
	Name
	Technical Parameter





	1
	Air pump model
	RB-53D-4



	2
	Volume of air storage tank/L
	98



	3
	Voltage/V
	220



	4
	Frequency/Hz
	50



	5
	Input power/kW
	0.28



	6
	Speed/r/min
	2900
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Table 2. Parameters and function settings of ventilation pipe.
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	Project
	PU Hose
	Stainless Steel Pipe





	Function
	PU hoses are commonly used in low and medium-pressure applications, such as pneumatic tools, spraying equipment, fluid transmission, etc. It has the characteristics of softness, good elasticity, light weight, and easy installation, making it suitable for occasions that require bending or folding. In addition, PU hoses also have excellent physical and chemical properties, such as wear resistance, oil resistance, and chemical corrosion resistance.
	Stainless steel pipes are suitable for high-pressure and ultra-high-pressure applications, such as petrochemical, chemical, nuclear power plants, etc. Stainless steel pipes have excellent properties such as high strength, high pressure, corrosion resistance, and high-temperature resistance and can withstand the transportation of high-pressure, high-temperature, and highly corrosive media. In addition, stainless steel pipes also have the characteristics of beautiful appearance, easy cleaning, and hygiene.



	Drift diameter
	2–10 mm
	10–50 mm



	Texture of material
	The material texture is relatively soft and has a certain elasticity, making it suitable for situations that require bending or folding.
	The material is relatively hard and has good corrosion resistance, making it suitable for applications that require high strength and high pressure.



	Installation position
	For low and medium-voltage applications
	Suitable for high voltage and ultra-high voltage applications
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