
CHAPTER TWO
LITERATURE REVIEW
2.0 Introduction
In today’s technologically driven society, mobile devices such as smartphones, smartwatches, Bluetooth earphones, GPS trackers, and digital cameras have become indispensable. However, the increased dependence on these devices creates a critical challenge, thus the need for reliable, on-the-go power solutions. The mobile power bank has emerged as a practical and innovative solution to bridge this energy gap, especially in environments where grid electricity is unreliable or absent. This chapter provides an extensive review of the origin, development, technological components, innovations, challenges, and future prospects of mobile power banks. It draws on a range of scholarly publications, industrial developments, and engineering perspectives to form a solid foundation for this project.
2.1 Historical Background of Mobile Power Banks 
The origin of mobile power banks is closely linked to the evolution of mobile phones and handheld electronics. In the early 2000s, as the adoption of mobile devices surged, battery technology struggled to keep pace with increasing energy demands. Users frequently experienced dead batteries during travel or outdoor activities, prompting a need for portable and rechargeable backup power sources.
The first commercial power bank was introduced in 2001 by the Chinese electronics company Pisen at the Consumer Electronics Show in Las Vegas. This initial model was rudimentary bulky, limited in capacity (around 500–1000mAh), and designed to recharge only specific phone models, such as early Nokia devices. Despite its limitations, it marked the beginning of portable energy storage for personal use.[13]
In the following years, the development of lithium-ion (Li-ion) and later lithium-polymer (Li-Po) battery technologies significantly improved the capacity, weight, and form factor of mobile power banks. By the mid-2010s, power banks became smaller, more efficient, and widely available with capacities ranging from 2,000mAh to over 20,000mAh. These advancements were propelled by breakthroughs in battery chemistry, energy density, and charging circuit design [14].
The rise of smartphones, which are more power-hungry than feature phones, further drove the demand for mobile charging solutions. As mobile data usage increased and smartphones integrated high-resolution cameras, GPS, and background apps, battery life became a key limitation. Power banks emerged as the most viable solution, especially in developing countries and regions with unstable electricity supply [15].
Furthermore, between 2012 and 2018, the global market for power banks experienced exponential growth. Manufacturers began introducing models with multiple Universal Serial Bus (USB) outputs, high-speed charging capabilities, LED indicators, and sleek enclosures. By this period, 10,000mAh models became the industry standard for everyday users, offering 2 to 3 full charges for an average smartphone [16].
The latest generation of mobile power banks incorporates advanced features, including:
· Fast-charging protocols (Quick Charge, USB Power Delivery)
· Wireless charging based on Qi standards
· Solar charging capabilities for off-grid use
· Smart microcontroller integration for adaptive power management
· Organic Light-Emitting Diodes (OLED) or Liquid Crystal Displays (LCD)   displays for digital output and battery status
These developments reflect a shift from simple emergency backup devices to sophisticated portable energy systems, aligned with modern power needs [5], [6].
Today, power banks are essential not just for personal use but also for applications in education, healthcare, emergency response, and outdoor environments. Some institutions have even deployed solar-powered communal power banks in off-grid villages, enhancing access to digital education and communication [7].
2.2 Power Bank Components
The modern power bank integrates various key components, each critical to its function. These components ensure efficient energy storage, safe operation, voltage conversion, and user interaction.
2.2.1 Battery 
The battery is the central component responsible for storing electrical energy. The two most common types are lithium-ion (Li-ion) and lithium-polymer (Li-Po).
· Lithium-Ion (Li-Ion): Offers high energy density and lower cost. Operates at a nominal voltage of 3.7V and supports 300–500 full charge cycles. Available mostly as cylindrical 18650 or pouch cells [8]. 
· Lithium-Polymer (Li-Po): Lightweight and flexible in form factor. These are considered safer but degrade faster under heat. They're often used in slim or high-performance designs [8]. A single lithium polymer (Li-Po) cell operates on a nominal voltage of approximately 3.7 volts, with a safe maximum voltage of 4.2 volts for charging and a minimum cutoff voltage around 3.0 to 3.2 volts to prevent permanent damage.
Battery capacities range from 1,000mAh in Keychain-sized units to over 50,000mAh for laptop-capable power banks. The battery arrangement depends on whether higher voltage or capacity is prioritized [9].
2.2.2 Power Bank Control Module
The control module, also referred to as the battery management system (BMS), manages battery safety and charging efficiency.
· Analog Modules: Use integrated circuits such as TP4056 for constant-current/constant-voltage charging. They include protection against overcharging, over-discharging, and short circuits. Indicators are usually single-color LEDs [6].
· Digital Modules: Feature microcontrollers or PMICs that support real-time monitoring, fast-charging protocols (Quick Charge, USB PD), auto device detection, and adaptive current flow [7]. They can shut down automatically during idle periods and are now standard in most high-end power banks [6], [7].
2.2.3 Boost Converter (DC-DC Step-Up Converter)
As lithium batteries output 3.7V, a boost converter is used to step up voltage to 5V for USB compatibility. These converters use inductors, capacitors, and MOSFETs to adjust voltage dynamically [8].
Modern converters offer:
· Synchronous rectification
· Soft-start protection
· Thermal shutoff
· Adjustable outputs with feedback loop control [8]
Li and Wang [8] recommend Pulse Width Modulation (PWM)-controlled boost converters with efficient switching for stable output under varying loads, reporting conversion efficiencies above 85%.
2.2.4 Project Box/Enclosure 
The casing provides mechanical protection and heat management. Common materials include:
· ABS Plastic: Lightweight, cost-effective, and durable.
· Aluminum Alloy: More durable and provides better heat dissipation.
· Biodegradable/Bamboo: Used by eco-conscious brands [4], [9].
Advanced enclosures may include solar panels, waterproofing, LED flashlights, and anti-shock reinforcements for outdoor use [9].
2.2.5 Internal Wiring and Connectors
Wires used in power banks must handle high currents (up to 2A or more). Proper internal wiring is crucial to avoid power loss, overheating, or safety hazards [10].
· Gauge: AWG20 to AWG24 is standard.
· Insulation: Silicone-based for heat resistance.
· Connectors: Gold-plated for low resistance and longer lifespan [10].
2.3 Technological Innovations in Power Banks
Recent years have witnessed rapid innovation, including:
· Wireless Charging : Enables cable-free power delivery through electromagnetic induction [4].
· Solar-Assisted Charging: Allows outdoor recharging via built-in photovoltaic panels [3].
· Pass-Through Charging: Enables simultaneous device charging and bank recharging [6].
· AI-Based Charging Algorithms: Adapt charging speed to battery health, extending device longevity [7].
· USB PD and Quick Charge 4.0/5.0: Supports high-speed charging at up to 100W, making power banks suitable for laptops and other large devices [9].
These developments reflect the shift toward smarter, multifunctional mobile power solutions [4], [6], [9].
2.4 Environmental and Safety Considerations
With the rise in power bank use, environmental and safety concerns have also escalated. Improper disposal of lithium batteries causes soil contamination, fire hazards, and long-term ecological damage [2], [5].
Solutions include:
· Battery recycling initiatives
· Eco-friendly materials and biodegradable casings
· Design-for-disassembly 
· Embedded safety systems 
International safety certifications like RoHS, CE, and UN38.3 govern product safety, material composition, and shipping regulations [6], [10].
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