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Abstract. Amidst the focus on sustainability and
technological advancements, this study explores how intelligent
biomass energy can boost physical education efficiency through
energy monitoring and consumption optimization. Based on
experiments and data analysis, it highlights intelligent biomass
energy's potential to provide sustainable support, fulfil teaching
needs, improve efficiency, and reduce waste. The paper
introduces key concepts of intelligent biomass energy for physical
education, offering guidance on its application for energy
monitoring and optimization. Analyzing students' physiological
data, establishes a scientific teaching foundation, enabling real-
time insights and personalized programs tailored to individual
differences. The paper also explores the potential application of
intelligent biomass energy in physical education, anticipating an
increased role with ongoing technological advancements.
Offering innovative perspectives for reform and innovation, the
study provides valuable insights into the development and
implementation of renewable energy technology. The
introduction of intelligent biomass energy supports real-time
energy consumption monitoring, fostering scientific teaching and
optimizing effectiveness. This enhances the scientific and
efficient aspects of physical education but also aids students in
understanding their physical condition and sports performance,
laying a solid foundation for future endeavours.
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1. Introduction

Given the escalating global energy crisis and growing
environmental concerns, governments and scientific
research institutions are directing their focus toward the
advancement and utilization of renewable energy [1], [2].
Faced with the problem of environmental and energy
shortage, China's traditional Chinese medicine industry
needs to adopt advanced drug residue treatment technology
to treat a series of traditional Chinese medicine residue,
and finally get high temperature crude gas for subsequent
production activities, to relieve the pressure of energy
shortage and reduce the environmental pollution caused by
the utilization of thermal power in the production process.
In addition, the application of the gasification recycling
process of Chinese medicine residue also solves the
problem of discharge and treatment of Chinese residue in
Chinese medicine enterprises.

Physical education constitutes a crucial component of
school curricula, playing a pivotal role in fostering the
holistic development of students, encompassing both their
physical and mental well-being. However, the traditional
physical education teaching methods often neglect the
precise control and management of energy consumption,
resulting in uneven teaching effects and unable to meet the
diversified needs of modern education [3], [4]. Therefore,
the application of intelligent biomass energy in physical
education can not only solve the problem of energy waste
in traditional teaching but also realize the fine management
and personalized teaching of the teaching process through
energy monitoring and consumption optimization [5], [6].

After analyzing the current situation of environmental and
energy applications in China, combined with the current
situation of traditional Chinese medicine residue treatment,
this article applies the integrated methods of life cycle
assessment and life cycle cost analysis to analyze the
comprehensive benefits of biomass energy gasification and
recycling systems in terms of environment, economy, and
other aspects. The specific content is as follows:

1. Provide a detailed introduction to the methods of life
cycle assessment and life cycle cost analysis. Based on this,
propose an integrated method for life cycle assessment and
life cycle cost analysis, and specifically introduce the
integration framework of the integrated method Research
methods [7], [8].

2. Deeply understand the process of biomass energy
gasification and recycling, and apply the integrated
methods of life cycle assessment and life cycle cost
analysis to establish a comprehensive evaluation model for
the biomass energy gasification and recycling system.

3. Applying a comprehensive evaluation model of biomass
energy gasification and recycling system to the traditional
Chinese medicine residue treatment system of a
pharmaceutical company in Shandong Province, and
comparing the traditional Chinese medicine residue
gasification and recycling system with the traditional
Chinese medicine residue landfill system, the optimal
treatment plan for biomass energy based on traditional
Chinese medicine residue is identified The research
methods applied in this article mainly include literature
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research, field research, integrated methods of life cycle
assessment and life cycle cost analysis [9], [10]. The
specific introduction is as follows:

1. Literature research methods. This article draws on the
research achievements of domestic and foreign scholars to
understand the current status of biomass energy
gasification and the utilization of traditional Chinese
medicine residues. It also introduces the integrated
methods and their application status of life cycle
assessment, life cycle cost analysis, life cycle assessment,
and life cycle cost analysis [11], [12]. Therefore, the
framework and steps of the integrated methods of life cycle
assessment and life cycle cost analysis in this article are
proposed.

2. Field research methods. This article conducts on-site
research on a pharmaceutical company in Shandong
Province to understand a series of process processes for
traditional Chinese medicine residue pretreatment,
gasification, and gas utilization and collects energy,
environmental, and economic-related data for subsequent
research.

Integrated method of life cycle assessment and life cycle
cost analysis. This article applies this integrated method to
comprehensively evaluate the biomass energy gasification
and recycling system [13], [14]. Among them, in the life
cycle assessment section, the Eco indicator 99 method was
applied to calculate the environmental load of the process;
In the integration part of the two evaluation methods, to
calculate the comprehensive benefits of the system, the
Analytic Hierarchy Process (AHP) and the Approximation
Ideal Solution Sorting method are applied to rank each
system and select the optimal process plan.

2. Application of Intelligent Biomass Energy
in Physical Education

Through intelligent biomass energy technology, physical
education not only strengthens environmental protection
and practical teaching but also deepens students'
understanding of sustainability. The key application is to
convert waste into clean energy, such as heat and
electricity, to power teaching sites and improve energy
efficiency. Among them, formula (1) reveals the
association between heart rate and energy release.
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Environmental education: Intelligent biomass energy
technology can make students understand the utilization of
renewable energy and the importance of environmental
protection. By imparting students with knowledge
regarding the origins, manufacturing procedures, and
diverse applications of biomass energy, we can foster a
deeper understanding and appreciation of the paramount
importance of environmental protection and sustainable
development [15], [16].

Practical teaching: In physical education, we can combine
intelligent biomass energy technology to carry out some
practical teaching activities. For example, students can be
organized to collect and treat biomass waste and
understand the production process of biomass energy; Or
let students know about different types of biomass energy
technologies, such as biomass gasification, biomass power
generation, etc., and let students practice. The application
process of intelligent biomass energy in physical education
is shown in Figure 1.

Figure 1. Application Flow Chart of Intelligent Biomass Energy in Physical Education

Noteworthy is the consideration of which biomass energy
sources are suitable for student use. Subsequently, this
chapter will outline the various types and features of
intelligent biomass energy, along with its application forms
in the context of physical education.

A. Types and Characteristics of Intelligent Biomass
Energy
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The types of intelligent biomass energy mainly include
biomass solid energy, biomass liquid energy and biomass
gas energy [17], [18]. Biomass solid energy mainly
includes plant cellulose and hemicellulose such as wood,
straw and hemp stalk. Its characteristics include wide
sources and easy access; High density, convenient storage
and easy transportation; More ash and volatile matter are
produced during combustion. Biomass liquid energy
mainly includes biodiesel, bioethanol and so on. Its
characteristics include that its properties are similar to

those of petrochemical oil products, and it can be directly
used without modification; However, low energy density
and volatility are also problems. Biomass gas energy
mainly includes biogas, sawdust gas and so on. Its
characteristics include cleanliness and environmental
protection, and little environmental impact; However,
problems such as low energy density, easy liquefaction and
condensation also need to be solved. The use of intelligent
biomass energy is shown in Figure 2.

Figure 2. The Application of Intelligent Biomass Energy Sources

In addition, intelligent biomass energy has the
characteristics of renewability, environmental protection,
diversity and sustainability. Renewability means that the
raw materials of biomass energy can be regenerated, such
as crops and wastes, will not be exhausted like fossil
energy [19], [20]. Environmental protection means that
carbon dioxide will not be produced in the combustion
process of biomass energy, which has little pollution to the
environment. Diversity means that the raw materials of
biomass energy can be various plants, wastes, etc., which
are rich in sources and diverse in treatment methods.

B. Application Forms of Intelligent Biomass Energy in
Physical Education

As a renewable and clean energy form, intelligent biomass
energy can not only provide continuous energy support for
physical education but also optimize the energy
consumption in the teaching process. This paper will
analyze in detail the application form of intelligent biomass
energy in physical education and its role in energy
monitoring and consumption optimization [21]. The
application forms of intelligent biomass energy in physical
education include energy supply, energy monitoring and
optimization, and innovative teaching methods and means.

Intelligent biomass energy offers sustainable energy
solutions for physical education. Leveraging biomass
gasification technology, crop residues and forestry waste
are transformed into clean gas, thereby providing heat or
electrical energy for indoor gymnasiums and swimming
pools. Intelligent biomass energy, a renewable resource,
can reduce reliance on traditional energy, lower costs, and

reduce pollution. In physical education, it's used for energy
monitoring and consumption optimization [22]. Sensors
and data systems monitor students' energy consumption
during exercise in real time, enabling teachers to optimize
methods and intensity based on data analysis. Biomass-
powered equipment auto-adjusts parameters for efficient
energy use. This technology enables innovative teaching
methods, such as VR and intelligent sensors, providing an
immersive learning experience [23]. By optimizing energy
consumption, teaching methods, and student experience,
intelligent biomass energy not only enhances instruction
but also fosters environmental awareness and sustainable
practices. Looking ahead, as technology advances and
policies evolve, it is anticipated that the application of
intelligent biomass energy technology in physical
education will become more widespread and
comprehensive. Simultaneously, as environmental
consciousness continues to grow and application costs
decrease, it is expected that intelligent biomass energy
technology will find even broader applications and further
development in the field of physical education.

3. Energy Monitoring and Consumption
Optimization Method

A. Energy Monitoring Methods

In physical education, the monitoring of students' energy is
an important link. By monitoring students' energy
consumption, teachers can better understand students'
physical fitness, adjust teaching methods and exercise
intensity, and optimize teaching effects [24], [25]. The
energy detection method for students in physical education
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class will go through the following steps: equipment
selection, equipment wearing, data collection, data
processing and analysis, and kinetic energy analysis. In this
study, we mainly adopted the intelligent biomass
combustion system and the biomass power generation
system. The intelligent biomass combustion system
reduces the waste of energy by automatically adjusting the
combustion efficiency, and the biomass power generation
system converts the biomass into electric energy,
effectively supplementing the energy demand in physical
education. Kinetic energy is the energy related to moving
objects, while biomass energy is the energy generated by
biochemical processes in organisms. The relationship
between kinetic energy and biomass energy is shown in
formula (2).

 2kinetic
1 sin
2

d tE m v
dt T

          
   

(2)

Biomass energy conversion usually involves biological
processes or chemical reactions, which are sensitive to
temperature. The influence of temperature change on
biomass energy conversion is shown in formula (3).
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Before class, wear the selected equipment on the students.
Ensure that the equipment is worn in the correct position
and will not affect students' exercise. At the same time,
explain the use and wearing precautions of the equipment
to students to ensure that students are comfortable and safe
during use.

In the process of physical education, the equipment will
monitor students' heart rates, exercise intensity and other

data in real-time. These data will be transmitted to the data
centre or teachers' handheld devices for analysis and
evaluation. Ensure the normal operation of equipment, and
timely process and analyze data. The relationship between
energy loss and motion intensity is usually complex and
may be nonlinear. The nonlinear relationship between
motion intensity and energy loss is shown in formula (4).
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Teachers or data analysts can process and analyze the
collected data. By comparing the energy consumption data
of different students, teachers can understand students'
physical fitness and sports ability [26], [27]. At the same
time, teachers can adjust teaching methods and exercise
intensity according to the results of data analysis to
optimize teaching effect. The efficiency of biomass energy
conversion pertains to the effectiveness of transforming
chemical energy within organisms into usable energy. This
process is affected by many factors, including temperature,
metabolic activity, enzyme activity and so on. The time-
varying model of biomass energy conversion efficiency is
expressed by formula as shown in formula (5).
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In the teaching process, teachers can feed back the data on
students' energy consumption to students and parents. This
helps students understand their physical fitness and
progress and also helps parents understand their children's
sports performance. According to the feedback results,
teachers can adjust teaching methods and exercise intensity
to better meet student's needs and improve the teaching
effect. The energy detection process in physical education
class is shown in Figure 3.

Figure 3. Flow Chart of Energy Detection

Through professional sports energy monitoring equipment
and technical means, students' energy in physical education
classes can be monitored and analyzed in real-time. This
will help teachers better understand students' physical
fitness and sports ability, adjust teaching methods and
sports intensity, optimize teaching effect and improve
students' learning experience.

B. Energy Consumption Optimization Method

By optimizing students' energy consumption, teachers can
better control exercise intensity and teaching methods,
avoid students' excessive fatigue or lack of exercise, and
thus improve the teaching effect [28], [29]. Excessive
exercise or insufficient exercise may affect students' health.
Optimizing students' energy consumption can reduce
unnecessary energy consumption, avoid students' injury
due to excessive fatigue and protect students' health.
Optimizing students' energy consumption can not only
improve students' physical fitness, but also cultivate
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students' self-discipline and willpower, and promote
students' all-round development [30].

The optimization method of energy consumption can be
realized by the following steps in physical education:

Set reasonable sports goals: According to students' physical
fitness and teaching goals, set reasonable sports goals.
Avoid excessive or insufficient exercise to reduce
unnecessary energy consumption. In this paper, the energy
consumption is analyzed according to the total energy
consumption formula, as shown in formula (6).

1

0
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1. Optimize teaching methods: Adopt scientific teaching
methods, such as staged training and intermittent training,
so as to reduce students' energy consumption. At the same
time, according to the students' physical condition and
sports ability, adjust the teaching difficulty and intensity,
and analyze the dynamic energy produced by biomass
energy, to achieve better teaching effect. The formula is
shown in formula (7).
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2. Reasonable arrangement of rest time: In the process of
exercise, reasonable arrangement of rest time to avoid
excessive fatigue of students. Taking breaks allows
students to replenish their physical strength and decrease
energy expenditure. Formula (8) illustrates the calculation
method for athletes' energy consumption.

2

dx x
a

b

 


 (8)

3. Adjust the sports environment: Adjust the sports
environment according to weather, venues and other
factors, such as choosing suitable sports venues and
adjusting sports time, to reduce unnecessary energy
consumption. The calculation formula for heat energy loss
is shown in formula (9).
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4. Encourage students to adopt a balanced diet: A well-
balanced diet aids in energy replenishment and reduction in
energy consumption. Guide students to make sensible
dietary choices, such as incorporating more high-protein
and low-fat foods while avoiding excessive carbohydrate
intake. Formula (10) depicts the relationship between heart
rates and energy expenditure.
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By implementing the aforementioned approaches, it
becomes possible to optimize energy consumption during

physical education, leading to improved teaching outcomes
and enhanced physical fitness levels among students.
Additionally, these strategies contribute to fostering
students' awareness of energy conservation and
environmental protection.

4. Experimental Design and Data Analysis

Experimental design and data analysis constitute pivotal
components of scientific research and hold significant
importance in implementing methods for optimizing
energy consumption in students' physical education classes.
The participants in this experiment include 5 physical
education teachers and 100 students from a middle school.
Both teachers and students possess a foundational
understanding and skill set in physical education. To more
intuitively show the working principle and performance of
intelligent biomass energy systems, we have added detailed
charts and flow charts to show the performance of
intelligent biomass energy systems in actual operation.

A. Experimental Design

The purpose of this experiment is to explore the application
effect of intelligent biomass energy in physical education
and improve the teaching effect and efficiency through
energy monitoring and consumption optimization. The
subjects are PE teachers and students in a middle school.
Before the study started, we fully considered potential
ethical and safety issues and developed corresponding
safety protocols. All participants were informed about the
purpose, method of the study, and possible risks and signed
informed consent. In addition, we worked closely with
school PE teachers and safety personnel to ensure that all
activities during the study process were conducted in a safe
and controllable manner.

1. Experimental preparation: Select appropriate intelligent
biomass energy equipment, such as a biomass gasifier, and
install and debug it. At the same time, the measuring
instruments and data acquisition system needed for the
experiment are prepared.

2. Experimental Procedure: The students are categorized
into two groups — the control group, receiving instruction
through traditional physical education teaching methods;
and the experimental group, utilizing intelligent biomass
energy for physical education. Throughout the experiment,
the energy consumption of both groups is monitored and
recorded, with subsequent evaluation of the teaching
effectiveness.

3. Data Processing and Analysis: Collected experimental
data undergoes processing and analysis, facilitating a
comparison of energy consumption and teaching
effectiveness between the two student groups. Conclusions
are drawn, and recommendations are proposed based on
the results. Refer to Figure 4 for the experimental design
flowchart.
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Figure 4. Experimental Design Flow Chart

Before the experiment, the intelligent biomass energy
equipment is installed and calibrated to ensure its proper
functioning. Concurrently, measuring instruments and a
data acquisition system are prepared for the forthcoming
experimental procedures. The students are then divided
into two groups: the control group, undergoing traditional
physical education teaching methods, and the experimental
group, engaging in physical education with the use of
intelligent biomass energy. Throughout the experiment, the
energy consumption of both groups is closely monitored
and recorded, and an assessment of the teaching
effectiveness is conducted. The specific implementation
steps are outlined as follows:

1. Control group: The traditional physical education
teaching methods, that is, teachers lead students to carry
out various sports activities, such as running, swimming,

basketball and so on. In the process of activities, no
intelligent biomass energy equipment is used.

2. Experimental group: Using intelligent biomass energy
for physical education. In the process of activities,
intelligent biomass energy equipment is used to provide
students with heat energy or electric energy support. For
example, in running activities, a biomass gasifier can be
used to provide thermal energy support for students; In
swimming activities, biomass liquefaction equipment can
be used to provide electric energy support for students. The
energy consumption analysis diagram of the two groups of
students in different exercises is shown in Figure 5, and the
nonlinear integral between exercise time and total energy
consumption is shown in the formula (11).

time time 0
1 cos( )

t
E k d    (11)

Figure 5. Analysis of Energy Expenditure of Two Groups of Students in Different Exercises

After the experiment, the collected data are processed and
analyzed. Firstly, the energy consumption data of the two
groups of students are compared and analyzed, including
average energy consumption, maximum energy
consumption and other indicators. At the same time, the

teaching effect is evaluated, including students' physical
fitness level, motor skills and other indicators. Upon
comparing and analyzing the data from both groups,
definitive conclusions are drawn, and corresponding
recommendations are formulated.
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To enhance readers' understanding of smart biomass
energy technology, we provide complementary resources
such as online interactive simulators and video tutorials.
These resources detail the working principle, installation
steps and operation methods of the intelligent biomass
energy system, enabling the reader to have a more intuitive
understanding of the practical application of this
technology.

B. Data Analysis

This experiment is set up in the school gymnasium, using
high-precision biosensors to monitor energy use, including
power consumption, heat output, etc. At the same time,
advanced energy monitoring tools are used to record data
in real-time to ensure accuracy and real-time data.

Through the experiment, we collected data on energy
consumption and the teaching effect of the two groups of

students. After data processing and analysis, we get the
following experimental results: the average energy
expenditure of the students in the experimental group is
2000 joules/minute, while the average energy expenditure
of the students in the control group is 2500 joules/minute.
The energy consumption of students in the experimental
group was notably lower than that observed in the control
group. This underscores the effective reduction of students'
energy consumption through the application of intelligent
biomass energy in physical education. In addition to the
basic descriptive statistics, we also conducted advanced
statistical tests such as t-tests and analysis of variance, and
the results showed that the application of smart biomass
energy technology significantly reduces energy
consumption in physical education. Refer to Figure 6 for
an illustration of the relationship between energy
consumption and teaching effectiveness in the two student
groups.

Figure 6. Relationship between Energy Expenditure and Teaching Effect of Two Groups of Students

Regarding physical fitness levels, students in the
experimental group exhibited an average increase of 20%,
surpassing the control group where the average increase
was only 10%. Additionally, in terms of mastering motor
skills, students in the experimental group acquired an
average of one new skill, while their counterparts in the
control group managed to master only 0.5 new skills. The

application of intelligent biomass energy in physical
education boosts students' fitness and motor skills. To
assess its effectiveness, a control group without this
technology was established. Analysis revealed that the
group utilizing smart biomass technology showed a notable
reduction in energy consumption. Figure 7 shows the
physical changes of the two groups of students.

Figure 7. Physical Fitness Changes of the Students in the Two Groups

Based on the experimental results, intelligent biomass
energy exhibits high potential in physical education. It
provides sustainable energy support, meets teaching needs,

and enhances teaching effect and efficiency through energy
monitoring and consumption optimization. Heart rate
variability over time is detailed in formula (12).
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This study offers novel insights for PE reform, highlighting
the potential of renewable energy technologies like
intelligent biomass energy to drive sustainable
development and innovation. However, limitations like
small sample size and short experimental duration
necessitate future research with a larger scope and longer
duration to comprehensively evaluate its application.

To harness the full potential of intelligent biomass energy
in PE, interdisciplinary collaboration with renewable
energy, sports science, and educational technology experts
is needed. Joint research and practice can foster widespread
adoption and sustainable development of this technology in
physical education.

5. Conclusion

At present, there is relatively little research on the
integration methods of life cycle assessment and life cycle
cost analysis by scholars both domestically and
internationally. Therefore, this article studies the
integration of life cycle assessment and life cycle cost
analysis and constructs a comprehensive evaluation model
for the energy gasification and recycling system of
traditional Chinese medicine residue based on the LCA and
LCC integration methods. The model is applied to case
analysis, and the main results of this study are summarized
as follows:

1. Research on Integrated Methods of Life Cycle
Assessment and Life Cycle Cost Analysis. This article
systematically and comprehensively discusses the
integration of LCA and LCC methods, identifies the
necessity and differences of integrating the two analysis
methods, and researches the integration methods of LCA
and LCC. And construct a research framework for
integrated analysis, using the Analytic Hierarchy Process
and TOPSIS method for integrated analysis, in order to
identify the optimal production process or optimal
processing system of the product.

2. A comprehensive evaluation model for biomass energy
gasification and recycling systems has been established.
First, understand the process of biomass energy
gasification and recycling, and divide it into three
subsystems: biomass pretreatment system, gasification
system, and gas utilization system; Secondly, the boundary
of the research system is determined to be the entire
lifecycle process from the production site of traditional
Chinese medicine residue to gas utilization, as well as all
factors related to energy, environment, and economy
involved in the process, such as management and personnel.
The data that may need to be collected for subsequent
analysis is listed again, and the required data is combined
with the process of biomass energy gasification and
recycling system; Then, with comprehensive benefits as
the target layer and energy resource consumption,
environmental load, economy, and system efficiency as the
criterion layer, the indicator structure is used. Based on the

inventory data, the Analytic Hierarchy Process and
TOPSIS method are used to quantitatively calculate the
comprehensive benefits of the biomass energy gasification
recycling system; Finally, a comprehensive analysis and
evaluation will be conducted on the total score of the
biomass gasification recycling system and its scores on
various criteria and indicators.

3. Using a comprehensive evaluation model of biomass
energy gasification and recycling system, taking a
company in Henan Province as an example, a
comprehensive comparative analysis was conducted
between the traditional Chinese medicine residue landfill
system and the medicine residue gasification and recycling
system. This article first provides a detailed introduction to
the traditional Chinese medicine residue treatment method
of a pharmaceutical company in Shandong Province.
Secondly, a list of data is collected and organized for future
use. Then, the values of the two traditional Chinese
medicine residue treatment systems on various indicators
are calculated and compared. The results show that the
traditional Chinese medicine residue gasification and
recycling system uses more energy resources than the
traditional Chinese medicine residue landfill system.
However, the traditional Chinese medicine residue
gasification and recycling system is significantly better
than the traditional Chinese medicine residue landfill
system in terms of environmental load and economy.
Therefore, overall, the gasification and recycling system of
traditional Chinese medicine residue has development
advantages over the traditional Chinese medicine residue
landfill system, which also proves that the biomass energy
recycling system established in this article has strong
practicality and scientificity.
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