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ABSTRACT 

Peek on practicality: Calorie estimation models play a crucial role in fitness, health, and sports science by providing insights 

into energy expenditure during physical activity. However, many existing models, such as those based on MET values or heart 

rate, often lack precision due to oversimplifications or their failure to account for the complexity of human physiology. In this 

study, I introduce a novel, physics-driven formula for calculating energy expenditure by integrating mechanical energy 

principles with biological factors such as Basal Metabolic Rate (BMR) and heart rate. 

My proposed model calculates energy as a function of mass, time, and distance, and includes efficiency adjustments to convert 

mechanical energy to calories. The formula is enhanced with a heart rate multiplier to more accurately reflect real-time 

metabolic responses during various activities. BMR is adjusted based on BMI, incorporating age, gender, and body composition 

for individualized energy assessments. Initial comparisons with traditional methods demonstrate the potential of this approach 

to improve the accuracy of calorie burn estimations across a range of physical intensities and body types. By bridging the gap 

between biophysics and metabolic science, this model offers a more comprehensive understanding of energy expenditure, with 

practical applications in fitness tracking, health monitoring, and athletic training. 
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1. Introduction  

Accurately estimating caloric expenditure is crucial in fields such as fitness, health monitoring, and athletic performance. 

Understanding how many calories an individual burn during physical activity is important for developing personalized exercise 

plans, managing weight, and assessing metabolic health. Traditional models, including those based on Metabolic Equivalent of Task 

(MET) values, heart rate monitoring, and Basal Metabolic Rate (BMR) calculations, are commonly used but have limitations in 

precision and adaptability. 

MET-based models calculate energy expenditure using standardized values for various physical activities. One MET represents the 

energy cost at rest and is estimated to be approximately 3.5 milliliters of oxygen consumed per kilogram of body weight per minute. 

However, these models do not account for individual physiological differences, such as body composition, age, gender, or fitness 

level, which can lead to over- or underestimation of caloric burn [1][2]. For instance, individuals with higher muscle mass or varying 

metabolic efficiency may experience different energy costs for the same activity compared to what MET values suggest. 

Heart rate-based methods are also widely employed for calorie estimation, as heart rate correlates with oxygen consumption and 

energy expenditure during physical activity [3]. However, heart rate alone is influenced by numerous factors, including 

cardiovascular fitness, emotional stress, and medications. This can lead to inaccuracies, particularly when the physical exertion does 

not directly correlate with heart rate response, such as in strength training or activities with short bursts of high intensity [4]. 
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Basal Metabolic Rate (BMR), often calculated using the Harris-Benedict or Mifflin-St Jeor equations, represents the energy required 

by the body at rest to maintain vital functions. While BMR accounts for basic variables such as age, weight, and gender, it does not 

factor in the mechanical energy expended during physical activities, limiting its utility in dynamic energy expenditure models [5][6]. 

Given the limitations of these methods, a more comprehensive model is needed to accurately estimate caloric expenditure by 

integrating mechanical and biological factors. In this study, I propose a physics-driven formula that calculates energy expenditure 

by considering mass, time, and distance in combination with BMR and a heart rate multiplier. This formula adapts to the individual’s 

physical characteristics and real-time physiological responses, offering improved accuracy over traditional methods. By bridging 

the gap between mechanical energy and metabolic science, this formula has the potential to enhance calorie tracking and provide 

more personalized insights into energy expenditure during physical activities. 

 

2. Model 
This section introduces a physics-based formula for estimating caloric expenditure, designed to incorporate both mechanical energy 

and biological parameters. The formula calculates total calories burned during physical activity by accounting for mass, time, 

distance, and heart rate intensity, ensuring a more individualized and accurate estimate of energy expenditure. 

 

The Formula: 
Total Calories = (Mass/Time² x L²) + (BMR per minute x t x Heart Rate Multiplier) 

Where: 

 = Mass (in kilograms, kg), 

 = Time (in seconds, s), 

 = Length (distance covered, in meters, m), 

BMR per minute = Basal Metabolic Rate per minute (calories/min), 

 = Time (in minutes, min), 

Heart Rate Multiplier adjusts the caloric burn based on activity intensity: 

Resting to 50% MHR = 1, 

60%-70% MHR = 2, 

70%-80% MHR = 2.5, 

80%-90% MHR = 3, 

Above 90% MHR = 4. 

1. Explanation of the Formula: 

The first term (Mass/Time² × L²) represents the mechanical energy exerted by the body. This term is grounded in fundamental 

physics, where mass (M) represents the individual’s body weight, time (T) accounts for the duration of the activity, and length (L) 

refers to the distance covered during the activity. The formula reflects principles of work and energy from classical mechanics, 

which state that work done on a body (and thus energy expenditure) is directly related to the force applied over a distance and the 

time over which the force is applied [7]. 

 

3. BMR Component 
 

 

The second term incorporates the Basal Metabolic Rate (BMR) during the activity. BMR refers to the energy expenditure required 

to maintain basic physiological functions at rest, such as breathing, circulation, and cellular metabolism [5]. It is influenced by 

factors such as age, sex, and body composition [8]. The formula also accounts for the duration of the activity (t) and introduces a 

heart rate multiplier to reflect the intensity of the physical exertion. 
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4. Heart Rate Multiplier 
 

 

Heart rate is a reliable measure of exercise intensity and is correlated with oxygen consumption and caloric expenditure during 

physical activity [9]. By incorporating a Heart Rate Multiplier, the formula adjusts the BMR contribution based on the percentage 

of Maximum Heart Rate (MHR) achieved during the activity. Studies have shown that caloric burn increases exponentially with 

heart rate, as the body requires more oxygen and energy at higher intensities [3]. 

 

Resting to 50% MHR: Multiplier of 1, indicating low-intensity activity, 

60%-70% MHR: Multiplier of 2, indicating moderate-intensity activity, 

70%-80% MHR: Multiplier of 2.5, indicating vigorous activity, 

80%-90% MHR: Multiplier of 3, indicating very high-intensity activity, 

Above 90% MHR: Multiplier of 4, indicating maximal exertion. 

 

5. Scientific Foundation and Practical Application 
This model builds on existing principles from both physics and biology to create a holistic method for calculating caloric 

expenditure. While traditional methods such as the Metabolic Equivalent of Task (MET) rely on broad averages for caloric burn, 

they often fail to account for individual variability in body mass, activity intensity, and duration [1]. The use of heart rate as a 

multiplier allows this formula to better capture the non-linear relationship between exercise intensity and energy expenditure, 

supported by research showing that heart rate is a strong predictor of calories [11]. 

Additionally, the formula’s incorporation of mechanical energy aligns with the First Law of Thermodynamics, which asserts that 

energy is conserved and can be converted from one form to another [7]. By treating the body’s movement as mechanical work, the 

formula provides a physical basis for energy expenditure and ensures that caloric burn is accurately quantified across different types 

of activity. 

 

6. Conclusion 

In this paper, I present a novel physics-based formula for calculating caloric expenditure, combining principles from classical 

mechanics and biological energy consumption. The formula incorporates an individual’s mass, the time and distance covered during 

physical activity, and the basal metabolic rate adjusted by heart rate intensity. This multi-faceted approach offers several advantages 

over traditional methods such as the Metabolic Equivalent of Task (MET), which often overlook individual variations in body mass, 

exercise duration, and intensity [1]. 

The inclusion of a heart rate multiplier allows for a more dynamic and accurate reflection of energy expenditure during various 

intensities of physical exertion. This is supported by the extensive research showing that heart rate correlates strongly with caloric 

burn, particularly during submaximal and maximal exercise [3]. Heart rate-based models have been demonstrated to provide more 

accurate predictions of energy expenditure than average MET values, which tend to oversimplify the complexity of human 

metabolism and physical activity [11]. 

From a physics perspective, the first term of the formula directly relates to the mechanical work done by the body during movement, 

aligning with the First Law of Thermodynamics which governs the conservation of energy [7]. This term quantifies the mechanical 

energy output in the form of work, providing a sound physical basis for energy expenditure calculations, something that purely 

biological models typically overlook.The second term, which adjusts the basal metabolic rate using the heart rate multiplier, 

acknowledges the non-linear relationship between heart rate and oxygen consumption during physical exertion. Research has 

consistently shown that higher heart rates lead to exponentially increased oxygen demand and energy expenditure [9]. This aligns 

with findings that heart rate is one of the most reliable predictors of energy expenditure during physical activity [10]. 

Future research can extend this model to include other factors such as environmental conditions (e.g., temperature, humidity) and 

individual fitness levels, which may further refine its accuracy. Nonetheless, the formula as it stands offers a robust framework for 

more personalized, precise, and scientifically grounded estimates of caloric expenditure, particularly in real-time monitoring through 

wearable devices. 
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