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 Smartphones have evolved to become frequent companions to humans. The 

common problem shared by Android users of smartphones was, and 

continues to be, about saving their batteries and preventing the need to use 

any recharging tools. A significant number of studies have been performed in 

the general field of "saving energy in smartphones". During a state of global 

lockdown, the use of smartphone devices has skyrocketed, and many 

governments have implemented location-tracking applications for their 

citizens as means of ensuring that the imposed governmental restrictions are 

being adhered to. Since smartphones are battery-powered, the opportunity to 

conserve electricity and ensure that the handset does not have to be charged 

so much or that it does not die and impede location-tracking during this 

period of crisis is of vital significance, impacting not only the reliability of 

tracking, but also the usability of the mobile itself. While there are methods 

to reduce the battery’s drain from mobile app use, they are not fully utilized 

by users. Simultaneously, the following the manuscript demonstrates the 

growing prevalence of mobile applications in daily lives, as well as the 

disproportionally increasing phone functionality, which results in the creation 

of a dependency towards smartphone use and the need of energy to recharge 

and operate theses smartphones. 
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1. INTRODUCTION  

The amount of computations and services in smartphones increases exponentially over the last 

couple of years, following a style of growth that correlates with Moore’s Law. Specifically, growth is 

observed in areas such as codecs design, video compression, efficient screen display, yet in terms of the 

smartphone battery the depletion problem remains. This issue is considered the biggest hinderance of 

electronic devices in general and smartphone devices in particular [1]. It is considered that this issue will 

continue becoming more and more relevant as mobile devices (e.g. smartphones and tablets) continue 

growing in popularity amongst users worldwide. Some studies also demonstrate a trend, where users begin 

accessing the web solely or mainly through a smartphone device [2] or using smartphones as their main 

device. Thus, the need to improve battery life is present. The issue is observed by a variety of scholars, some 

illustrating the lagging development in the area of battery performance when compared to device 

functionality or hardware characteristics.  

https://creativecommons.org/licenses/by-sa/4.0/
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A study done by Panasonic (one of the leading battery manufacturers in the world) estimates the 

annual improvement in the life of their batteries to be just 11%. The slow progress is a result of the lack of or 

slow introduction of new technologies in the field of battery technologies. Android phones in particular can 

benefit from an improved battery capacity due to the potentially limitless functionality that the operation 

system provides to its users with regards to applications, design and other customisable features [3]. In 

addition, a dedicated power management API is written in applications framework layer, which mandates 

that Android apps request CPU resources with wake locks through the application framework and native 

Linux libraries as depicted in Figure 1. In addition, power on Android devices can also be controlled through 

context aware power management, which is typically done through power saving applications. User 

behaviour can also be used for control of the battery’s drainage and its efficiency, as will be explored in 

upcoming sections. While these techniques and tools exist, their use is not always efficient, nor does it detract 

from the primary issue at hand, which is that the speed of development of smartphone computational 

requirements and services does not correlate with battery performance. 

 

 

 
 

Figure 1. Android power management architecture 

 

 

2. CONTINUOUS RECHARGING VS SAVING 

Academic research in this field indicates that consumers have poor knowledge of the characteristics 

of mobile power, and are therefore ignorant of the power-saving settings available to them as owners of such 

devices [4, 5]. Although battery life is perceived to be significant for a large group of mobile users, the 

analysis indicates that current battery interfaces offer limited knowledge as a result of which users create 

inaccurate mental models of how the battery is discharged and how the remaining percentage of the battery is 

correlated with the use of applications. [6]. In addition, consumers do not understand how to charge their 

batteries in order to support their intended use of the units. As a result, a variety of behaviours in relation to 

battery saving are observed, many of which are inefficient in relation to the lifetime of the battery or the 

device. For instance, many users hinder the utility of their devices through erratic usage behaviour, with data 

demonstrating that a single user can drain 298% of the battery’s capacity one day (charging 3 times) and 

discharging only 38% on another day [7].  

Another behaviour is not draining the battery fully, before charging it, as observed in Wagner et al. 

study. Battery exhaustion (emptying the battery) is considered a failure of the user to manage battery 

consumption, yet it occurs at least every 11 days for 50% of smartphone users in Wagner et al. sample group. 

While full battery depletion is not recommended on a regular basis by battery suppliers, it is found that 

consumers primarily avoid lower levels of batteries, with a daily average of 30 per cent of the lowest 

percentage of batteries. being 30%. Android smartphones only issue a notification to charge the phone by the 

time it reaches 15%; however, research demonstrates users charge the device before this critical level (as 

deemed by the manufacturers) is reached. Despite the small variance of the battery levels of users worldwide 

that researchers observe, the variance on charging patterns is great. Some users tend to charge for a limited 

amount of time during the day, while others allow for a full discharge, followed by a longer charge duration. 

This can lead to the conclusion that charging behaviour is systematic and simultaneous erratic at times, and 

users typically interrupt their phones’ charging cycle thus reducing battery life. The listed behaviours are 

linked with a variety of disadvantages. For instance, the charging duration (which is considered the amount 

of time the user keeps their phone connected unnecessarily) is considered an issue in two ways. Firstly, 

charging for a long period of time would have damaged the battery due to overheating and overvoltage [8], 

although it is actually considered a matter of energy consumption. While, as previously discussed, the 

smartphones alert the user when they need to be charged, they do not alert them when they have finished 
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charging, which is considered by scholars another hinderance of current models at work. Thus, a need for 

involved automated power features to assist with power management is required, as studies show only 80% 

of users take any measures related to the increased battery lifetime of their devices.  

 

 

3. GREEN COMPUTING AS A BASIC APPROACH 

Green computing refers to the practice and techniques of using computing energy in an 

environmentally sustainable manner while at the same time ensuring maximum overall computing efficiency. 

It is also defined as' the study and practice of environmentally sustainable computing or IT' [9]. It is projected 

that, last year, $22 million is wasted on energy utility costs by mobile users as a result of having their cell 

phones plugged in for more time than is necessary to sustain a maximum charge. This has resulted in two 

goals. Firstly, to improve the energy efficiency of mobile devices as means of achieving the goal of green 

computing and enable energy savings [10]. Secondly, to reduce the consumption of energy required by 

smartphone devices through not only (as in the past) focus on optimising software and run time, but also 

through improving the battery’s run time through development of battery saving software applications [11]. 

Mobile cloud computing is the emergence of multiple internet-based technologies, through which mobile users 

can acquire benefits of cloud computing and achieve green computing by using their mobile device [12, 13]. 

However, as D'Ambrosio et al. argued, the energy use of web surfing practices is not well discussed in 

scholarly literature as a result of a lack of study of users' actual surfing sessions, which reveal that over 63% 

of users are already using their mobile devices to go online. Arguably, a gap exists in better understanding 

mobile web browsing behaviour, which is unanimously considered by scholars a potential way of enabling 

green computing. Nonetheless, efforts in the area are being made by researchers. For instance, Gai et al. [14] 

suggest a cloud computing model for green computing, which is dynamic, energy-aware, cloudlet-based, and 

aimed at mobile optimisation. Specifically, it aims to solve the supplementary energy consumptions during 

the wireless communications through utilisation of dynamic cloudlets (DCL). Couto et al. propose a 

technique and a tool for detection of anomalous energy consumption in applications for Android 

smartphones, subsequently relating it directly with the source code of the application. Specifically, their 

paper presents a dynamically adjusted model for energy expenditure for the Android ecosystem, which is 

supported in a variety of devices [15]. 

 

 

4. SMARTPHONE BATTERY-SAVING AS A GLOBAL NEED 

Considering the mentioned issues in relation to unsustainable charging behaviors, the issue of 

battery saving for smartphones can be perceived as a global issue. This is also in the light of the results that 

demonstrate that the number of mobile users worldwide is growing last year as shown in Figure 2. Research 

demonstrates that none of the currently used techniques for battery and power management efficiently 

contribute to the green computing concept as none take into account the access to technology used, individual 

user behavior, and user preferences [16]. The urgent need for more efficient methods of conserving battery 

and improving its performance for Android smartphones is, thus, a global ecological concern [17]. Not only 

does this boost the overall consumer experience, minimize energy loss, but also minimize the physical waste 

of failed batteries, which are not ideal for recycling, since the battery can be charged a range of times before 

it collapses.   

 

 

 
 

Figure 2. Number of smartphone users worldwide (in billions) 
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5. THE CONVERSION FROM MOBILE PHONES TO SMARTPHONES 

Many scholars believe the most influential years for the development of the smartphone happened 

between 2007 and 2011, which is when the smartphone surpassed traditional mobile phones in sales and 

revenue [18] as shown in Figure 3. Specifically, this shift happened throughout this period sequentially in 

various parts of the world, such as in 2010 in the UK and Spain, early 2011 in Germany and France and later 

that year in Italy and Canada and the US.  

 

 

 
 

Figure 3. Conversion of world usage from mobile to smartphones (key events) (2007-2011) 

 

 

Android phones in particular have experienced a significant development in the past 10 years. In 

terms of its performance characteristics, researchers believe the operating system outperforms iOS as 

Android relies on a more robust hardware and software architecture  as shown in Figure 4. The performance 

jump can be correlated with the introduction of big.LITTLE octa-core SoCs in Android smartphones, as well 

a significant improvement of battery life in less demanding tasks. The Figure 5 demonstrates that the industry 

average with regards to battery life of Android devices has improved in the period between 2013-2016. In 

addition, data demonstrates that for the same period the recharging time has rapidly decreased from 140 

minutes in 2013 (reaching 170 minutes in 2014) to 100 minutes in 2016 [19]. 

 

 

 
 

Figure 4. Android vs iOS global smartphone market share by performance 
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Figure 5. Battery life industry average 

 

 

6. TECHNOLOGY VS ENERGY CURVE 

It can be argued based on the made thus far arguments that there is an observed reverse 

relationship of the available technological capacity of smartphone devices and their battery life. This is 

signified graphically below, demonstrating that current smartphones, while providing a variety of capabilities 

to the user, limit their availability of taking advantage of them through a comparatively smaller battery life 

than previously, in times where phones had a considerably smaller amount of functionalities or otherwise 

performance capabilities. In addition, this can be a result of the increased digital dependency that the 

improved device functionality enables, which promotes the usage of the phones for a larger proportion of the 

day from consumers across all ages [20-22]. 

 

 

7. REVOLUTION OF SMARTPHONES USAGE HABITS 

There has also been an observed shift in smartphone usage habits for users across all ages. While 

previously, mobile devices were used primarily for communication purposes, today smartphones are used for 

a variety of reasons varying from entertainment to child emotion control. For instance, several studies have 

demonstrated that smartphones are used extensively by parents as an aid for controlling their children’s 

emotions, creating a digital dependency from an early age [23]. In teenage years, the devices can provide as 

sense of independence to their users, and are currently used for creation of digital socio-cultural values and 

religious beliefs and practices, which are shared amongst teens across the world through the medium of the 

smartphone device. Millennial and young adults use their devices for entertainment purposes [24], while the 

older generation is currently following a trend of discovering online social networks through their 

smartphones [25]. Smartphones are also becoming more common in developing nations, with a variety of 

technologically-focused organizations introducing services tailored to the needs of individuals in those regions [26]. 

 

 

8. SMARTPHONES APPS UBIQUITY IN THE LIFE ROUTINES 

According to industry analysts, there are three phases of app development, illustrated in the  

Figure 6. Scholars believe that the development of the Android OS has significantly promoted the 

development of a variety of applications, increasing both the demand and supply for such applications [27]. 

The development of the OS has seen rapid change in a variety of features offered, which have made a 

measurable impact on mobile app development. Due to the rapid growth of smartphone apps for a variety of 

reason and the shown previously duration of product competition for user attention, product developers have 

devised ways to attract and hold user attention. One such approach is gamification of the app [28], while 

other apps, such as those in the social media category implement psychological gratification mechanisms to 

sustain the attention of the users. As a result, smartphone apps have become intricately integrated with life 

routines. For instance, Wang et al. [29] study demonstrates that smartphone apps are integrated in every 

aspect of travel from the booking of the travel medium, to the check in process at the airport or at the hotel, 

through the navigation at the destination and sharing of memories in a digital format (e.g. through protos or 
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status updates) and so on. Smartphone apps are now becoming increasingly popular in wellness care and 

weight management, as well as exercise and bodybuilding workouts [30-32]. One of the most important ways 

in which mobile apps are intertwined with everyday activities and habits is that of socialization. Ongoing 

debates fail to resolve the question whether the presence of such a variety of social media apps in daily lives 

is positive or toxic, with some arguing it reduces social isolation [33, 34], and others claiming it leads to 

reduces overall well-being quoting the rise in depression and mental health disease [35]. 

 

 

 
 

Figure 6. App development transformation phases in industry 

 

 

9. POPULAR BATTERY KILLERS AND THEIR ALTERNATIVES 

Amongst the most negative applications for a smartphone’s battery are Google mobile services, who 

play a major role on battery drain running in the background of the device [36, 37], dynamic web 

components displayed in browsers [38], and location-aware applications running in the background [39]. The 

explanation that the latter is power-intensive is the use of the unavoidable GPS position detection process [40]. In 

addition, modern-day applications, which use emerging technology such as artificial intelligence, such as 

those that use fingerprint scanning or face recognition, are also amongst the battery-killers of the Android 

smartphone battery [41]. While not commonly discussed, one of the biggest battery killers is slow 

connection. This is illustrated in Wagner et al. report, where it is addressed that the energy costs per byte 

transmitted can be as many as six times higher if the relation is weak as opposed to when it is strong. This is 

especially noticeable in a communication-heavy application. The same study also demonstrates that the user 

habit of keeping Wi-fi or Bluetooth searching on has a similar battery-draining effect. Specifically, Wagner 

et al. illustrate: ‘When WiFi is enabled, 50% (or 10%) of users spend up to half (or 90%) of their time with 

WiFi enabled but not connected.’, highlighting the potential for energy savings. The frequency and duration 

of user interactions with their device for tasks such as checking the time or checking for notifications is 

another negative habit. 50% of users conduct this status check on average 9 times or more during the day, 

while 10 per cent check their computer on average 52 times a day. 

 

 

10. THE NEED TO SAVE SMARTPHONES BATTERY-LIFE DURING COVID-19 PANDEMIC 

With regards to the applications listed, there are some alternatives available, such as using energy-

efficient automatic location-triggered applications on smartphones. The use of proximity beacons is also an 

alternative in this context. Remote task execution is another way of reducing the workload of the smartphone 

and improving its battery life. In addition, due to the recognised issue with varying connectivity 

characteristics of application users, some applications have started releasing versions of their applications 

that spare the battery life through disabling the automatic processing of content or dynamic elements. An 

example of such application is Facebook Lite. In terms of habits, Android applications, such as a large-scale 

mobile battery recognition program called Carat, can help long-term users conserve more batteries, charge 

their smartphones less often, and learn how to control their batteries with less help from Carat overtime, as 

shown by Athukorala et al. study [42]. 
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Finally, it is important to consider the need for battery saving in context of the recent COVID-19 

pandemic. During a state of global lockdown, the use of smartphone devices has skyrocketed, and many 

governments have implemented location-tracking applications for their citizens as means of ensuring that the 

imposed governmental restrictions are being adhered to [43, 44]. Since smartphones are battery-powered, the 

ability to save energy to ensure that the phone does not have to be charged too often or that it does not die 

and hinder location-tracking during this time of crisis is of crucial importance, affecting not only the 

efficiency of tracking, but also the usability of the smartphone device [45]. In the applications developed, 

both signal emission as well as reception costs energy. In addition, the precise patterns of signal emission and 

reception are regulated by the ND protocol, which aims to balance both discovery delay and energy 

expenditure. Such applications, as demonstrated previously, have a significant impact on the battery life, 

resulting in the development of battery saving applications, technologies and habits ever more necessary. 

 

 

11. CONCLUSION  

The literature has identified that smartphone user behaviour impacts energy consumption in the 

context of battery usage, as well as charging duration. While there are methods to reduce the battery’s drain 

from mobile app use, they are not fully utilised by users. Simultaneously, the review has demonstrated the 

growing prevalence of mobile applications in daily lives, as well as the disproportionally (to battery life) 

increasing phone functionality, which results in the creation of a dependency towards smartphone use. 

Considering the identified trends of smartphone ownership growth globally (including in developing 

nations), growing integration of the digital dependency on individuals and increasing integration of the 

smartphones in lives of their owners, findings technical and behavioural solutions for improving the battery 

life is paramount. 

Overall, it can be argued that the priority should be on designing more battery-saving strategies for 

Android devices in the mid to long term, as this is seen by academics as a possible way to reduce the impact 

mobile use has on the world. In the short-term, there is identified importance of developing informational 

mechanisms for guiding smartphone users’ behaviour to; i) take advantage of the available battery saving 

settings, ii) develop habits and practices that spare the battery of their device, and iii) reduce the overcharging 

practices of their device’s battery. 
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