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Abstract. This study examines smartphone fast-changing technology and its charging speeds while 
exploring broader societal value. It analyses the fundamental physics and trade-offs between two 
approaches to high-voltage and high-current pathways, revealing core challenges such as power 
dissipation and heat generation. The paper examines the USB PD 3.1 protocol, illustrating the 
industry's shift towards a unified charging ecosystem. Additionally, the article discusses the positive 
environmental impact of fast charging technology, specifically highlighting how it contributes to the 
reduction of electronic waste and enhances overall energy efficiency through the adoption of unified 
charging cables. By standardizing charging interfaces, the technology minimizes the need for 
multiple types of chargers and cables, which in turn decreases the volume of discarded accessories 
and supports more sustainable consumption patterns. Furthermore, the paper emphasizes the 
importance of fast charging as a key node in the broader framework of sustainable energy 
development. It views this technology not only as a convenience for users but also as a critical 
component in the transition toward greener energy systems. Looking ahead, the paper expresses 
optimism about the future integration of fast charging infrastructure, envisioning a scenario where 
electric mobility and clean energy work in tandem to reduce carbon emissions. 
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1. Introduction 

In recent years, the gap between smartphone battery endurance and user demands has led to 

widespread "battery anxiety" among consumers. At the same time, in order to solve the problem of a 

large number of electronic wastes in life and promote technological innovation and iteration, the 

industry is seeking solutions. In this case, fast charging technology has become an option. 

Nowadays, most people's understanding of fast charging technology is still limited to the power 

value advertised by merchants, and they cannot deeply understand the principle of operation of this 

fast-changing technology and the more far-reaching social value. This cognitive limitation can lead 

people to overlook the potential of fast charging technology in improving energy efficiency and time 

efficiency. To this end, this article will use the knowledge of physics and calculus to analyze the 

technical principles of mobile phone fast charging and describe in detail the social benefits of this 

technology, such as environmental protection and convenience. 

This article first sorts out some theoretical knowledge contained in this technology, then clarifies 

the social value of this technology, and finally analyses a practical case. 

The theoretical research part starts from the electrical power and Joule's law of physics and 

combines the application of calculus dynamic system optimization to let people understand the 

underlying operating logic of mobile phone fast charging technology. Let people understand the wide 

social impact of fast charging technology in terms of environmental protection, economy and user 

experience. Finally, the USB PD 3.1 protocol is used as a specific case to provide an in-depth analysis 

of how this protocol solves the problems caused by high-power charging. 



 

642 

2. Technical principles 

2.1. Core power formula and pathways 

Fast charging technology can be understood with the basic electrical power formula P = V × I. 

From the formula, we can see that there are only two ways to boost power: high voltage and high 

current, both of which face inherent physical challenges. 

2.2. Physical challenges 

High Voltage Path: Switching components (e.g., diodes) within the device's internal buck 

converter incur conduction losses and switching losses during conversion, resulting in energy 

dissipation as heat. Efficiency (η) cannot reach 100% [1]. 

High Current Path: According to Joule's Law (Q = I²Rt), increased current causes cable heating to 

rise quadratically, presenting severe thermal management challenges and safety risks. 

2.3. System optimisation 

The dynamic adjustment process of fast-charging chips embodies calculus principles, essentially 

functioning as a precise real-time feedback control system. 

Integral control is applied by calculating the integral of the error between the target battery state 

of charge (SOC) and the actual SOC over time. This integral term helps regulate charging to bring 

the actual SOC closer to the target value, thereby eliminating charging errors and planning a precise 

optimal charging curve. The integral term is given by: 

Iout = Ki ∫ e
t

0
(τ)dτ                              (1) 

The application of differential control involves monitoring the rate of change in error. This 

predictive capability regarding the "charging trend" enables the system to implement predictive 

thermal protection. It promptly reduces power before a sharp temperature rise (overcharging), 

ensuring charging safety and system stability. The derivative term is given by: 

Dout = Kd
de(t)

dt
                                (2) 

3. Social value and industrial benefits 

The significance of fast-changing technology extends beyond merely accelerating charging speeds; 

its value manifests across two dimensions: user perception and environmental protection [2]. 

3.1. User Perceived Value 

The most direct value of fast-changing technology lies in fundamentally alleviating users' "range 

anxiety". By substantially increasing charging efficiency, it provides users with significant 

convenience and psychological reassurance, where this perceived value often outweighs the 

technology's inherent costs. As industry analysis indicates, the core necessity of fast charging resides 

in its ability to "significantly reduce charging time", fulfilling modern life's universal demand for high 

efficiency [3]. 

3.2. Environmental benefits 

The value of fast-changing technology also manifests in environmental protection. Higher energy 

conversion efficiency means less energy is wasted as heat during charging. When billions of devices 

globally simultaneously generate this benefit, the cumulative energy savings and emissions 

reductions contribute substantially. Equally important is that standardized fast-charging protocols 

(such as the USB PD standard) represent an effective strategy against electronic waste (e-waste). 

Such standardization reduces the production and disposal of proprietary chargers. Consequently, fast-
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changing technology fundamentally promotes resource conservation and recycling, aligning closely 

with global sustainable development objectives. 

4. Case study: USB PD 3.1 transition 

4.1. Power leap and path selection 

The core of USB PD 3.1 lies in its power increase from 100W to 240W. The protocol's path 

selection reflects a clear engineering trade-off: forgoing increased current and relying entirely on 

elevated voltage (28V, 36V, 48V levels). The fundamental power formula is: 

Power (W) = Voltage (V) × Current (A) 

48V × 5A = 240W 

This approach circumvents the thermal risks associated with high currents, where heat generation 

is dominated by Q=I²Rt. However, the adoption of high voltages introduces new challenges. 

4.2. Strategic mitigation of challenges 

First, in response to the problem of safety challenges, PD 3.1 establishes an EPR certification 

system. This system sets a uniform technical safety benchmark for cables and chargers by setting 

strict test standards. At the same time, the mandatory 240W logo makes it easier for consumers to 

identify safety accessories. Therefore, EPR certification provides a solid guarantee for the reliability 

and safety of high-power fast charging from the source [4]. Secondly, to address efficiency challenges, 

PD 3.1 introduces the PPS intelligent negotiation mechanism. The Programmable Power Supply (PPS) 

feature allows the receiving device to dynamically request and receive an optimal intermediate 

voltage instead of a fixed high voltage gear based on actual demand. This can significantly reduce 

the input/output voltage difference of the step-down circuit inside the device, thereby fundamentally 

reducing the energy loss during the conversion process and improving the overall charging efficiency 

[5]. 

4.3. Societal benefits 

First, environmental benefits. The unified cable required by the agreement can reduce the 

generation of e-waste at the source and directly protect the environment. Second, economic benefits. 

Because consumers no longer need to buy charging cables for a wide variety of plugs, the total cost 

of ownership for consumers and society as a whole is significantly reduced. In addition, consumers 

only use a unified cable to reduce the production and disposal of redundant chargers, improving 

resource efficiency. 

4.4. Future development of fast charging technology 

In the future, mobile phone fast charging technology will continue to develop in the direction of 

higher power, higher efficiency and smaller size. Achieving this requires concurrent innovation and 

research in both hardware material selection and system optimization. Achieving this requires 

concurrent innovation and research in both hardware material selection and system optimisation. For 

instance, future demands for higher efficiency and more compact hardware materials could be met 

through the high-frequency, low-loss characteristics of GaN. Software-wise, real-time intelligent 

algorithms can optimize charging strategies. 

5. Conclusion 

This study elucidates the fundamental physical principles and calculus applications underpinning 

modern mobile phone fast-changing technology, alongside its societal impact. The research and 

development of this technology are centered around the electrical power formula (P=VI). Increasing 

the power can be achieved by raising either the voltage or the current. However, the core value of 

fast-charging extends far beyond accelerated charging speeds. Through case studies, we understand 
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that fast charging technology is now developing towards the construction of a unified and efficient 

energy ecosystem. 

In summary, the value of fast-changing technology extends far beyond merely increasing charging 

speed. By enhancing energy efficiency, optimizing system operation, and promoting interface 

unification, this technology creates significant environmental and social value. 

Fast charging technology is poised to become "invisible" in the future. Wireless charging and 

ubiquitous charging facilities may define the new era, ultimately enabling a seamless "drop-and-

charge" experience. The future development of fast charging will extend beyond personal consumer 

electronics, becoming a vital component within smart energy systems and providing core support for 

sustainable development. 
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