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Abstract: Body composition plays a fundamental role in determining physical performance, metabolic efficiency, and long-term health 

outcomes. The present study introduces the Charcoal Efficiency Model of Body Fat Optimization, a novel conceptual framework that 

draws an analogy between controlled combustion processes and human energy metabolism. Grounded in the principles of Cellular 

Respiration, the model explains how optimal body fat levels enhance physiological efficiency, while both low and excessive fat levels 

impair performance. An experimental study was conducted over 12 weeks on 60 male university students aged between 18 and 25 years. 

Participants were categorized into three groups based on body fat percentage: low fat (<10%), optimal fat (10–18%), and high fat 

(>18%). Pre- and post-tests were conducted to assess muscular strength (push-ups) and aerobic endurance (12-minute run test). 

Statistical analysis revealed that the optimal fat group demonstrated significantly greater improvements in both strength and endurance 

compared to the other groups. The findings validate the proposed model and highlight the importance of maintaining optimal body fat 

for enhanced performance and longevity. The study contributes to sports science by offering a new theoretical perspective and practical 

implications for athlete training and health optimization. 

 

Keywords: Body Composition, Metabolic Efficiency, Strength, Endurance, Sports Science, Cellular Respiration 

 

1. Introduction 
 

Physical fitness and athletic performance are influenced by a 

wide range of physiological and biomechanical factors, 

among which body composition is one of the most critical. 

Body fat, often viewed negatively in the context of fitness, 

plays a complex and essential role in human metabolism and 

energy regulation. While excessive body fat is associated 

with decreased performance and increased health risks, 

extremely low body fat levels can also be detrimental, 

leading to reduced energy availability and physiological 

dysfunction. 

 

This study introduces the Charcoal Efficiency Model, a 

conceptual framework that explains the relationship between 

body fat and metabolic efficiency through an analogy with 

combustion processes. In a controlled combustion 

environment, wood transforms into charcoal, which burns 

more efficiently and produces higher energy output than raw 

wood or ash. Similarly, the human body requires an optimal 

level of fat to function efficiently. Too little fat results in 

insufficient energy reserves, while excessive fat leads to 

inefficiency and reduced performance. 

 

The human body relies on Cellular Respiration for energy 

production. In this process, oxygen interacts with substrates 

such as carbohydrates and fats to produce adenosine tri-

phosphate (ATP), the primary energy currency of the body. 

Fat serves as a crucial energy reserve, particularly during 

prolonged physical activity. Therefore, maintaining optimal 

fat levels is essential for sustained energy production, 

endurance, and overall physiological efficiency. 

 

Despite extensive research on body composition and 

performance, there remains a lack of integrative models that 

conceptualize the role of body fat in metabolic efficiency. 

This study aims to fill this gap by proposing and empirically 

validating the Charcoal Efficiency Model. 

 

2. Review of Literature 
 

The relationship between body composition and physical 

performance has been extensively studied in the field of 

exercise physiology. William D. McArdle emphasizes that 

optimal body composition enhances athletic performance by 

improving energy efficiency and reducing unnecessary load. 

Similarly, Jack H. Wilmore and David L. Costill highlight 

that both excessive and insufficient body fat negatively 

impact performance outcomes. 

 

Research by George A. Brooks underscores the importance 

of fat metabolism during prolonged exercise. According to 

Brooks, fat oxidation becomes a dominant energy source 

during endurance activities, making adequate fat reserves 

essential for sustained performance. However, excessive fat 

accumulation can impair oxygen utilization and increase 

energy expenditure, leading to reduced efficiency. 

 

Studies have also shown that athletes with optimal body fat 

levels exhibit superior strength-to-weight ratios, improved 

endurance, and better recovery rates. Conversely, 

individuals with low body fat may experience fatigue, 

hormonal imbalances, and decreased performance capacity. 

High body fat levels, on the other hand, are associated with 

reduced agility, slower movement, and increased 

cardiovascular strain. 

 

While these studies provide valuable insights, they primarily 

focus on empirical observations rather than conceptual 

frameworks. The Charcoal Efficiency Model offers a novel 

approach by integrating physiological principles with a 

practical analogy, thereby enhancing understanding and 

application in sports science. 
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3. Methodology 
 

3.1 Research Design 

 

The present study adopted a quantitative experimental 

research design employing a pre-test–post-test group 

structure to examine the effect of body fat levels on 

selected physical performance variables, namely muscular 

strength and aerobic endurance. This design was selected 

due to its effectiveness in establishing cause-and-effect 

relationships between independent and dependent variables 

under controlled conditions. 

 

The experimental approach enabled the researcher to 

systematically manipulate the independent variable- body 

fat percentage classification- while controlling external 

variables such as training intensity, duration, and 

environmental conditions. By doing so, the study ensured 

that observed changes in performance outcomes could be 

attributed primarily to differences in body fat levels rather 

than extraneous influences. 

 

Participants were divided into three distinct groups based on 

their body fat percentage: low fat (<10%), optimal fat (10–

18%), and high fat (>18%). This grouping allowed for a 

comparative analysis across varying physiological 

conditions, providing a comprehensive understanding of 

how different fat levels influence metabolic efficiency and 

performance. 

 

A 12-week structured training intervention was 

implemented for all participants. The training program was 

standardized across all groups to maintain experimental 

consistency and included a combination of resistance 

training (to improve muscular strength) and aerobic 

exercises (to enhance endurance). The frequency (5 sessions 

per week), intensity (moderate to high), and duration (60 

minutes per session) were kept uniform for all participants to 

eliminate training bias. 

 

Pre-test assessments were conducted prior to the 

intervention to establish baseline measurements for strength 

and endurance. Post-test assessments were administered at 

the conclusion of the 12-week training period using identical 

testing protocols. This allowed for accurate measurement of 

performance improvements within and between groups. 

  

The study also incorporated controlled experimental 

conditions, including: 

• Standardized warm-up procedures before testing  

• Similar environmental settings (temperature, time of day)  

• Monitoring of participant adherence to training protocols  

• Basic dietary guidance to minimize nutritional variability  

 

To enhance the reliability and validity of the data, all tests 

were conducted using established fitness assessment 

protocols. The push-up test was used as a measure of upper 

body muscular endurance and strength, while the 12-minute 

run test (Cooper test) was used to evaluate aerobic capacity. 

 

The research design further included statistical evaluation 

techniques to determine the significance of differences 

among groups. Descriptive statistics (mean, percentage 

improvement) were complemented by inferential statistics, 

particularly one-way analysis of variance (ANOVA), to 

test the null hypothesis and identify statistically significant 

variations between the groups. Ethical considerations were 

strictly followed throughout the study. Participants provided 

informed consent prior to participation, and confidentiality 

of data was maintained. The study also ensured that 

participants were free to withdraw at any stage without 

penalty. 

 

3.2 Participants 

 

A total of 60 male university students aged between 18 and 

25 years participated in the study. All participants were 

healthy and had no history of chronic illness or injury. 

 

3.3 Group Classification 

 

Participants were divided into three groups based on body 

fat percentage: 

• Group A (Low Fat): <10% 

• Group B (Optimal Fat): 10–18% 

• Group C (High Fat): >18% 

 

3.4 Variables 

• Independent Variable: Body fat percentage  

• Dependent Variables: Muscular strength and aerobic 

endurance  

 

3.5 Testing Procedures 

 

• Strength Test: Push-up test (maximum repetitions)  

• Endurance Test: 12-minute run test (distance covered in 

meters)  

 

3.6 Training Protocol 

 

Participants underwent a standardized 12-week training 

program consisting of strength and endurance exercises. The 

training intensity and duration were consistent across all 

groups to ensure uniformity. 

 

3.7 Statistical Analysis 

 

Data were analyzed using descriptive statistics (mean, 

percentage improvement) and inferential statistics (one-way 

ANOVA). A significance level of p < 0.05 was adopted. 

 

4. Results 
 

4.1 Pre-Test and Post-Test Scores 

 

Table 1: Strength (Push-Ups) 
Group Pre-Test Mean Post-Test Mean Improvement 

Low Fat 22 26 +4 

Optimal Fat 25 35 +10 

High Fat 20 24 +4 

 

Table 2: Endurance (12-Min Run in meters) 
Group Pre-Test Mean Post-Test Mean Improvement 

Low Fat 1800 2000 +200 

Optimal Fat 2000 2400 +400 

High Fat 1700 1900 +200 
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Graphical Representation (Explanation) 

 

 
Graph 1: Strength Improvement 

 

Observation: Optimal fat group shows highest growth 

 

 
Graph 2: Endurance Improvement 

 

Observation: Optimal fat group significantly higher 

 

4.1 Strength Performance 

 

Muscular strength, assessed through the push-up test, served 

as a key indicator of upper body strength and endurance in 

the present study. The push-up test is widely recognized as a 

reliable and valid measure of functional strength, 

particularly in young adult populations, as it reflects the 

combined efficiency of muscular force production, 

neuromuscular coordination, and energy utilization. 

 

At the baseline (pre-test), the three groups exhibited 

relatively comparable strength levels, with the optimal fat 

group (Mean = 25 repetitions) showing a slight advantage 

over the low fat group (Mean = 22 repetitions) and the high 

fat group (Mean = 20 repetitions). This initial similarity 

suggests that prior to the intervention, participants across 

groups had relatively homogeneous strength capacities, 

thereby supporting the internal validity of the experimental 

design. 

 

Following the 12-week structured training program, all 

groups demonstrated improvements in push-up performance. 

However, the magnitude of improvement varied 

significantly among the groups. The optimal fat group 

exhibited a substantial increase from 25 to 35 repetitions, 

representing an improvement of +10 repetitions (40% 

increase). In contrast, both the low fat and high fat groups 

showed only modest improvements of +4 repetitions each, 

increasing from 22 to 26 repetitions and from 20 to 24 

repetitions, respectively. 

 

The superior performance of the optimal fat group can be 

attributed to enhanced metabolic efficiency and energy 

availability, which are critical for sustaining repeated 

muscular contractions. From a physiological perspective, 

individuals within the optimal fat range likely possessed 

adequate energy reserves in the form of stored lipids, which 

complemented carbohydrate metabolism during exercise. 

This balance supports efficient ATP resynthesis through 

Cellular Respiration, thereby delaying fatigue and enhancing 

muscular endurance. 

 

In contrast, participants in the low- fat group may have 

experienced energy limitations, as insufficient fat reserves 

can restrict prolonged energy supply during repeated 

muscular efforts. This condition often leads to early onset of 

fatigue, reduced muscular endurance, and compromised 

recovery between repetitions. Consequently, despite 

undergoing the same training protocol, their improvement 

remained limited. 

 

Similarly, the high fat group demonstrated restricted gains in 

strength performance, which may be attributed to excess 

body mass and reduced movement efficiency. Higher fat 

levels increase the relative load that must be lifted during 

bodyweight exercises such as push-ups, thereby placing 

additional strain on the musculoskeletal system. Moreover, 

excess adiposity is often associated with lower relative 

strength and impaired neuromuscular coordination, further 

limiting performance improvements. 

 

From a comparative standpoint, the data clearly indicate that 

the optimal fat group outperformed both low and high fat 

groups by a considerable margin. This finding supports the 

hypothesis that moderate levels of body fat contribute 

positively to strength performance, while extreme levels- 

either too low or too high- are detrimental. 

 

Statistically, the observed differences in strength 

improvement among the groups were found to be significant 

(p < 0.05), as determined through one-way ANOVA 

analysis. This confirms that the variations in performance 

were not due to random chance but were systematically 

influenced by differences in body fat levels. 

 

Furthermore, the results align with existing literature in 

exercise physiology, which emphasizes the importance of 

optimal body composition for maximizing strength and 

endurance. The findings also reinforce the conceptual 

foundation of the Charcoal Efficiency Model, wherein the 

optimal fat group (analogous to charcoal) demonstrated the 

highest efficiency in energy utilization and performance 

output. 

 

In summary, the expanded analysis of strength performance 

highlights that: 

• Optimal body fat levels significantly enhance muscular 

strength and endurance  
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• Both low and high fat levels limit performance 

improvements  

• Energy efficiency and metabolic balance are critical 

determinants of strength outcomes  

 

These findings provide strong empirical support for the 

proposed model and underscore the importance of 

maintaining balanced body composition for achieving peak 

physical performance 

 

4.2 Endurance Performance 

 

Aerobic endurance, assessed through the 12-minute run test 

(Cooper test), served as a critical indicator of cardiovascular 

fitness and the body’s ability to sustain prolonged physical 

activity. This test is widely accepted in exercise physiology 

as a valid and reliable measure of aerobic capacity, 

reflecting the efficiency of the cardiovascular and 

respiratory systems in delivering oxygen to working 

muscles. 

 

At the baseline (pre-test), participants across the three 

groups demonstrated relatively similar endurance levels, 

although slight variations were observed. The optimal fat 

group recorded a mean distance of 2000 meters, followed by 

the low fat group at 1800 meters and the high fat group at 

1700 meters. These initial differences were minimal and did 

not significantly affect the comparability of the groups prior 

to the intervention. 

 

Following the 12-week structured training program, all 

groups showed improvements in endurance performance. 

However, the degree of improvement varied considerably 

among the groups. The optimal fat group demonstrated the 

most substantial gain, increasing from 2000 meters to 2400 

meters, representing an improvement of +400 meters (20% 

increase). In contrast, the low fat group improved by +200 

meters (from 1800 to 2000 meters), while the high fat group 

also showed a similar increase of +200 meters (from 1700 to 

1900 meters). 

 

The superior performance of the optimal fat group can be 

attributed to enhanced aerobic efficiency and energy 

metabolism. Endurance performance is heavily dependent 

on the body’s ability to sustain ATP production over 

extended periods, primarily through oxidative pathways. In 

this context, Cellular Respiration plays a central role, as it 

facilitates the breakdown of carbohydrates and fats in the 

presence of oxygen to generate energy. 

 

Individuals in the optimal fat group likely benefited from a 

balanced availability of energy substrates, particularly 

fatty acids, which are essential for prolonged exercise. Fat 

oxidation becomes increasingly important during endurance 

activities, as it provides a sustained source of energy and 

helps conserve glycogen stores. This metabolic advantage 

allows individuals to maintain performance levels for longer 

durations without experiencing premature fatigue. 

 

In contrast, participants in the low fat group may have faced 

limitations in energy reserve capacity, as reduced fat 

stores can restrict the availability of long-term energy 

substrates. This condition forces the body to rely more 

heavily on glycogen, leading to faster depletion and earlier 

onset of fatigue. As a result, despite undergoing the same 

training regimen, their endurance improvements were 

comparatively limited. 

 

The high fat group, on the other hand, exhibited reduced 

endurance gains due to several physiological constraints. 

Excess body fat increases the energy cost of movement, as 

individuals must expend more effort to carry additional body 

mass. This results in decreased running efficiency and 

increased cardiovascular strain. Furthermore, higher fat 

levels are often associated with reduced maximal oxygen 

uptake (VO₂ max), which is a key determinant of aerobic 

performance. 

 

From a comparative perspective, the optimal fat group’s 

improvement was double that of the other groups, clearly 

indicating a significant advantage in endurance capacity. 

This finding strongly supports the hypothesis that optimal 

body fat levels enhance aerobic performance by 

improving metabolic efficiency and energy utilization. 

 

Statistical analysis using one-way ANOVA confirmed that 

the differences in endurance improvements among the 

groups were statistically significant (p < 0.05). This 

indicates that the observed variations were not due to chance 

but were directly influenced by differences in body fat 

composition. 

 

The findings are consistent with established literature in 

exercise physiology, which emphasizes the role of fat 

metabolism in endurance performance. Researchers have 

consistently reported that athletes with optimal body 

composition exhibit superior aerobic capacity, improved 

oxygen utilization, and greater resistance to fatigue. 

 

In relation to the Charcoal Efficiency Model, the results 

further reinforce the conceptual analogy. The optimal fat 

group, representing “charcoal,” demonstrated the highest 

level of efficiency in energy production and utilization. In 

contrast, the low fat group (“ash”) lacked sufficient energy 

reserves, while the high fat group (“wood”) exhibited 

inefficiency due to excess mass and metabolic limitations. 

 

4.3 Comparative Analysis 

 

The results clearly indicate that participants with optimal 

body fat levels achieved significantly greater improvements 

in both strength and endurance compared to the other 

groups. 

 

4.4 Statistical Significance 

 

ANOVA results confirmed that the differences among the 

groups were statistically significant (p < 0.05), validating the 

hypothesis that optimal body fat enhances performance. 

 

5. Discussion 
 

The findings of this study strongly support the Charcoal 

Efficiency Model of Body Fat Optimization. The analogy 

between combustion and metabolism provides a meaningful 
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framework for understanding the role of body fat in energy 

efficiency. 

 

5.1 Interpretation of the Model 

 

• Ash (Low Fat): Represents energy deficiency, leading to 

fatigue and reduced performance 

• Charcoal (Optimal Fat): Represents efficient energy 

utilization, resulting in peak performance. 

• Wood (High Fat): Represents excess energy storage, 

leading to inefficiency and reduced mobility.  

 

The optimal fat group exhibited superior performance due to 

balanced energy availability and efficient metabolic 

processes. This aligns with the principles of Cellular 

Respiration, where optimal substrate availability enhances 

ATP production. 

 

5.2 Physiological Implications 

 

Maintaining optimal body fat ensures a steady supply of 

energy, supports hormonal balance, and enhances oxygen 

utilization. These factors collectively contribute to improved 

strength, endurance, and recovery. 

 

5.3 Comparison with Previous Studies 

  

The results are consistent with earlier research indicating 

that optimal body composition is essential for peak 

performance. However, the present study extends existing 

knowledge by introducing a novel conceptual model that 

integrates physiological principles with practical 

applications.  

 

6. Conclusion 
 

The study concludes that optimal body fat levels (10–18%) 

significantly enhance physical performance and metabolic 

efficiency. The Charcoal Efficiency Model provides a new 

perspective on body fat regulation, emphasizing the 

importance of balance rather than extremes. 

 

This model has significant implications for sports science, 

fitness training, and health management, offering a practical 

framework for optimizing performance and longevity. 

 

7. Practical Applications 
 

• Development of personalized training programs  

• Optimization of athlete performance  

• Fitness and wellness planning  

• Rehabilitation and health management  

 

8. Future Research Directions 
 

Future studies may explore the integration of advanced 

technologies such as AI-based body composition analysis 

and wearable fitness trackers. Longitudinal studies involving 

diverse populations, including female athletes and older 

adults, are also recommended.  
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