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Purpose: The purpose of this publication is to present the usage of smartphone application in 8 

Smart Cities in energy efficiency management. 9 

Design/methodology/approach: Critical literature analysis. Analysis of international literature 10 

from main databases and polish literature and legal acts connecting with researched topic.  11 

Findings: The rise of the Internet of Things has made smart devices commonplace in homes 12 

and businesses. Smartphone apps play a key role in enabling users to control and monitor these 13 

devices, thereby enhancing energy efficiency. Real-time data on energy consumption informs 14 

users' decisions, leading to reduced energy waste and costs. These apps not only offer 15 

convenience but also support customization and automation for energy-efficient operations. 16 

Participation in demand response programs and integration with renewable energy sources 17 

further enhance energy efficiency. Smartphone applications also contribute to eco-friendly 18 

commuting and optimized waste management, while educating users about their environmental 19 

impact and ways to reduce energy consumption sustainably. Despite their advantages, 20 

smartphone applications face challenges related to data privacy, adoption, compatibility,  21 

user education, reliability, affordability, and access inequalities. Overcoming these challenges 22 

is crucial for smart city planners and developers to fully harness the potential of smartphone 23 

applications in creating energy-efficient and sustainable smart cities. 24 

Keywords: Smart City, energy efficiency, energy efficiency management, smartphone 25 

applications, smart mobility. 26 

Category of the paper: literature review. 27 

1. Introduction 28 

Energy efficiency management in smart cities, particularly in the context of smartphone 29 

applications, plays a pivotal role in creating sustainable, environmentally friendly urban 30 

environments. This article will delve into the various aspects of how smartphone applications 31 

are contributing to energy efficiency in smart cities. 32 
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Smartphone applications are integral to the success of energy efficiency management in 1 

smart cities. By providing users with real-time data, control over their surroundings, and 2 

information about sustainable practices, these apps empower individuals and organizations to 3 

contribute to the broader goal of creating greener and more energy-efficient urban spaces. 4 

The purpose of this publication is to present the usage of smartphone application in Smart 5 

Cities in the case of energy efficiency management. 6 

2. The usage of smartphone applications in energy efficiency management 7 

Smartphone applications enable users to remotely control and monitor various aspects of 8 

their homes and workplaces. This includes adjusting the thermostat, turning off lights, and 9 

managing appliances. This level of control helps in reducing energy consumption by ensuring 10 

that devices are not unnecessarily left running. These applications collect and analyze real-time 11 

data from sensors embedded in the infrastructure of smart cities. This data includes information 12 

on traffic flow, weather conditions, and energy usage patterns. By processing this data,  13 

the applications can suggest optimal routes for commuters, encourage carpooling, and even 14 

predict and manage energy demand more efficiently (Rachmawati et al., 2021; Dutta et al, 2021; 15 

Ivanyi, Biro-Szigeti, 2019). 16 

With the advent of the Internet of Things (IoT), smart devices and appliances have become 17 

ubiquitous in modern homes and commercial buildings. Smartphone applications play a central 18 

role in enabling users to remotely control and monitor these devices. From adjusting the 19 

thermostat and controlling lighting to managing heating, ventilation, and air conditioning 20 

(HVAC) systems, these apps put the power of energy efficiency in the palm of your hand. 21 

Whether you're at home or halfway around the world, you can ensure that your spaces are using 22 

energy optimally (Wolniak, Sułkowski, 2015, 2016; Wolniak, Grebski, 2018; Wolniak et al., 23 

2019, 2020; Wolniak, Habek, 2015, 2016; Wolniak, Skotnicka, 2011; Wolniak, Jonek-24 

Kowalska, 2021; 2022). One of the key advantages of remote control and monitoring is the 25 

access to real-time energy data. Smart meters and sensors collect detailed information about 26 

electricity, water, and gas usage. This data is then presented to users through intuitive 27 

smartphone apps, allowing them to track and visualize their energy consumption patterns.  28 

By having this data at their fingertips, individuals and organizations can make informed 29 

decisions about how to reduce energy wastage and cut down on costs. Many modern appliances 30 

are now "smart" and can be integrated with smartphone apps. Users can schedule the operation 31 

of appliances like washing machines, dishwashers, and ovens, so they run during off-peak 32 

energy hours or when electricity rates are lower. Moreover, users can remotely turn off or put 33 

appliances into an energy-saving mode when they are not in use (Herdiansayah, 2023; Rose  34 

et al., 2021). 35 
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Heating and cooling systems can be significant energy consumers. Smartphone apps enable 1 

users to remotely adjust the temperature, set schedules for HVAC operation, and even receive 2 

alerts when filters need replacement. These capabilities not only enhance comfort but also 3 

contribute to energy savings. Smart city applications also extend to security and surveillance 4 

systems. Users can monitor their homes or businesses through connected cameras and sensors, 5 

receiving real-time alerts and taking action remotely. This not only enhances safety but also 6 

reduces the energy footprint associated with maintaining a physical presence on-site. For users 7 

with renewable energy sources like solar panels, smartphone apps can display real-time data on 8 

energy generation and consumption. This allows homeowners to maximize their use of clean 9 

energy and minimize reliance on the grid (Rahman, Dura, 2022). 10 

Smartphone applications allow users to remotely control lighting systems, including turning 11 

lights on and off or adjusting their brightness. This level of control is not only convenient but 12 

also promotes energy efficiency by ensuring that lights are only used when needed.  13 

For example, users can turn off lights in unoccupied rooms with a simple tap on their 14 

smartphones. 15 

Many smartphone apps provide users with insights into their energy consumption. They can 16 

track and visualize how much energy is being used in different areas of their homes or 17 

workplaces. This awareness helps individuals and businesses make informed decisions about 18 

energy usage and, in turn, reduce their energy bills. Smartphone applications can connect with 19 

smart appliances and systems within buildings, allowing users to schedule tasks and create 20 

automation rules. For instance, lights can be programmed to turn off when a room is empty, 21 

and thermostats can adjust temperature settings based on the occupants' schedules (Jonek-22 

Kowalska, Wolniak, 2021, 2022, 2023; Rosak-Szyrocka et al., 2023; Gajdzik et al., 2023; 23 

Jonek-Kowalska et al., 2022; Kordel, Wolniak, 2021, Orzeł, Wolniak, 2021, 2022; 24 

Ponomarenko et al., 2016; Stawiarska et al., 2020, 2021; Stecuła, Wolniak, 2022; Olkiewicz  25 

et al., 2021). 26 

Some smart city smartphone applications participate in demand response programs.  27 

These programs allow utilities to remotely manage energy consumption during peak periods. 28 

Users can opt into such programs and receive incentives for reducing their energy usage during 29 

high-demand times. Many smart cities are incorporating renewable energy sources like solar 30 

panels and wind turbines. Smartphone applications can provide users with information on the 31 

availability of renewable energy sources and even allow them to sell excess energy back to the 32 

grid, promoting a more sustainable energy ecosystem (Chmielarz et al., 2021). 33 

Smartphone apps can help manage traffic flow, reducing congestion and thereby cutting 34 

down on fuel consumption. Real-time traffic updates and navigation services can guide drivers 35 

along the most efficient routes, helping to lower carbon emissions. Efficient waste collection 36 

and disposal contribute to energy efficiency. Smartphone apps can optimize waste management 37 

by scheduling collection services based on real-time data and encouraging recycling and 38 

composting practices (Sułkowski, Wolniak, 2015, 2016, 2018; Wolniak, Skotnicka-Zasadzień, 39 
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2008, 2010, 2014, 2018, 2019, 2022; Wolniak, 2011, 2013, 2014, 2016, 2017, 2018, 2019, 1 

2020, 2021, 2022; Gajdzik, Wolniak, 2023). 2 

Many smart cities promote the use of public transportation and ride-sharing as eco-friendly 3 

alternatives to private car ownership. Smartphone apps for booking buses, trains, and rideshare 4 

services help users make more sustainable transportation choices. Smartphone applications also 5 

play a role in fostering behavioral change among citizens. They can educate users about the 6 

environmental impact of their actions and suggest ways to reduce energy consumption and live 7 

more sustainably (Simonofski et al., 2023; Chmielarz et al., 2021). 8 

Table 1 contains descriptions of how smartphone applications are used in in energy 9 

efficiency management. It provides a concise overview of how smartphone applications are 10 

utilized in various aspects of energy efficiency management within smart cities. 11 

Table 1.  12 
How smartphone applications are used in energy efficiency management 13 

Aspect of Energy Efficiency 

Management 
Use of Smartphone Applications 

Remote Control and Monitoring 

Users can control home appliances, lighting, and HVAC systems 

remotely through smartphone apps, ensuring devices are not left 

running unnecessarily. 

Real-time Data Analytics 

Smartphone apps collect and analyze real-time data, such as traffic 

flow, weather conditions, and energy usage patterns, to optimize 

routes, encourage carpooling, and manage energy demand efficiently. 

Energy Consumption Insights 

Apps provide users with insights into their energy consumption, 

helping them track and visualize energy usage in different areas and 

make informed decisions to reduce energy consumption. 

Smart Appliances Integration 

Smartphone apps connect with smart appliances and systems, enabling 

users to schedule tasks and create automation rules for energy-efficient 

operation. 

Demand Response Programs 

Users can participate in demand response programs through apps, 

allowing utilities to manage energy consumption during peak periods, 

offering incentives for reducing usage. 

Renewable Energy Integration 

Apps provide information on the availability of renewable energy 

sources and enable users to sell excess energy back to the grid, 

promoting sustainability. 

Traffic Management for Reduced 

Congestion 

Apps offer real-time traffic updates and navigation services to guide 

drivers along efficient routes, reducing fuel consumption and carbon 

emissions. 

Waste Management Optimization 

Apps optimize waste collection by scheduling services based on real-

time data, encouraging recycling and composting practices to reduce 

energy consumption. 

Public Transportation and Ride-

Sharing Services 

Smartphone apps for booking public transportation and rideshare 

services promote eco-friendly alternatives to private car ownership. 

Behavioral Change 
Apps educate users about their environmental impact and suggest ways 

to reduce energy consumption and live more sustainably. 

Source: (Kalasova et al., 2021; Chmielarz et al., 2021; Rose et al., 2021; Dutta et al., 2019; Ivani, Biro-14 
Szigeti, 2019; Leal et al., 2023; Chowdhury et al., 2023; Sanchez et al., 2018; Aguilera, Boutueil, 2018). 15 

Table 2 highlighting the advantages of using smartphone applications in energy efficiency 16 

management within smart cities. These advantages illustrate how smartphone applications are 17 

pivotal in energy efficiency management within smart cities, offering both convenience and 18 

sustainability benefits to individuals and communities alike. 19 



Energy efficiency management in smart city… 669 

 

Table 2.  1 
Advantages of using smartphone applications in energy efficiency management 2 

Advantage Description 

Convenience and Accessibility 
Users can control and monitor energy-related devices and systems 

from anywhere, enhancing convenience and accessibility. 

Real-time Data Insights 
Apps provide real-time data on energy consumption, helping users 

make informed decisions to reduce usage and costs. 

Remote Control 
Remote management of appliances, lighting, and HVAC systems 

promotes energy efficiency by preventing unnecessary usage. 

Customization and Automation 
Users can schedule tasks and create automation rules to optimize 

energy usage based on their preferences and needs. 

Integration with Renewable 

Energy 

Smartphone apps can integrate with renewable energy sources, 

allowing users to monitor and maximize clean energy usage. 

Demand Response Participation 
Users can participate in demand response programs, earning incentives 

for reducing energy consumption during peak periods. 

Environmental Impact 

Awareness 

Apps educate users about their environmental impact, encouraging 

sustainable practices and reducing energy consumption. 

Traffic Management and Eco-

friendly Commuting 

Smartphone apps assist in reducing congestion and promoting eco-

friendly transportation choices, reducing fuel consumption. 

Waste Management Optimization 
Efficient waste collection and recycling are facilitated, contributing to 

energy efficiency and environmental sustainability. 

Security and Surveillance 
Users can enhance security and reduce energy usage by remotely 

monitoring and controlling surveillance systems through apps. 

Increased Comfort and Well-

being 

Smartphone apps optimize heating and cooling, enhancing comfort and 

well-being while conserving energy. 

Grid Stability and Reliability 
By participating in demand response and monitoring energy usage, 

smartphone apps support grid stability and reliability. 

Source: (Kalasova et al., 2021; Chmielarz et al., 2021; Rose et al., 2021; Dutta et al., 2019; Ivani, Biro-3 
Szigeti, 2019; Leal et al., 2023; Chowdhury et al., 2023; Sanchez et al., 2018; Aguilera, Boutueil, 2018). 4 

Smartphone applications make it incredibly convenient to control and monitor energy-5 

related devices and systems. Users can adjust settings, receive real-time updates, and make 6 

informed decisions from anywhere, ensuring that energy management is at their fingertips. 7 

These apps provide users with valuable real-time data on their energy consumption.  8 

This information empowers individuals and organizations to track usage patterns, identify areas 9 

of improvement, and ultimately reduce energy consumption and costs. 10 

Smartphone apps allow users to remotely manage appliances, lighting, and HVAC systems. 11 

This not only enhances convenience but also helps prevent unnecessary energy consumption. 12 

Lights, for example, can be turned off in unoccupied rooms with a simple tap on the app.  13 

Users can create customized schedules and automation rules for their devices and systems.  14 

For instance, they can program thermostats to adjust temperatures based on daily routines, 15 

promoting energy-efficient operation (Kalasova et al., 2021). 16 

Smartphone applications can integrate with renewable energy sources such as solar panels 17 

and wind turbines. This enables users to monitor energy generation and consumption, 18 

maximizing their use of clean energy and minimizing reliance on the grid. Users can participate 19 

in demand response programs through these apps, allowing them to earn incentives for reducing 20 

their energy consumption during peak periods. This not only benefits users but also contributes 21 

to grid stability and reliability. 22 
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Many applications educate users about their environmental impact. By raising awareness of 1 

energy usage, these apps encourage sustainable practices and motivate users to reduce their 2 

energy consumption, thereby lowering their carbon footprint. Smartphone applications play  3 

a role in reducing traffic congestion and promoting eco-friendly transportation choices.  4 

Real-time traffic updates and navigation services guide users along the most efficient routes, 5 

reducing fuel consumption and emissions (Dutta et al., 2019). 6 

Efficient waste collection and recycling are facilitated by these apps. They enable the 7 

scheduling of waste collection based on real-time data and encourage recycling and composting 8 

practices, contributing to energy efficiency and environmental sustainability. Users can 9 

enhance security and reduce energy usage by remotely monitoring and controlling surveillance 10 

systems through smartphone apps. This feature not only provides peace of mind but also 11 

contributes to efficient energy management. 12 

Smartphone apps optimize heating and cooling systems, improving comfort and well-being 13 

in homes and buildings. This ensures that energy is used efficiently without sacrificing occupant 14 

comfort. By participating in demand response programs and monitoring energy usage, 15 

smartphone apps contribute to grid stability and reliability. This is essential for ensuring that 16 

cities have a consistent and dependable power supply (Boichuk, 2020). 17 

Table 3 highlighting some of the common problems and challenges associated with the usage 18 

of smartphone applications in energy efficiency management within smart cities.  19 

Table 3.  20 
Problems of using smartphone applications in energy efficiency management within smart 21 

cities 22 

Problem Description 

Data Privacy and Security 

Concerns about the protection of personal or sensitive data when using 

these applications can be a significant issue. Users may worry about 

their data being vulnerable to cyberattacks or misuse. 

Limited Adoption and 

Accessibility 

Not everyone has access to smartphones or may not be comfortable 

using these apps, potentially leaving certain demographics or groups 

without the benefits of energy efficiency management. 

Interoperability and 

Compatibility 

The compatibility of various devices, systems, and applications can be 

a challenge. Ensuring that different components can work together 

seamlessly is a common hurdle. 

Reliability and Downtime 

Smart city applications may experience downtime or technical issues 

that could disrupt energy management. Dependence on technology can 

sometimes lead to inconvenience. 

Cost and Affordability 

The initial setup and ongoing costs of smart devices and their 

associated apps can be a barrier for some individuals or organizations, 

limiting their ability to invest in energy-efficient solutions. 

Digital Divide 

Not all residents of a smart city may have equal access to smartphones 

or high-speed internet, creating a digital divide that hinders the 

widespread adoption of energy efficiency applications. 

User Education and Awareness 

Some users may not be fully aware of the benefits and capabilities of 

these applications, which can lead to underutilization and missed 

opportunities for energy savings. 

Complexity and Learning Curve 

Smartphone apps for energy management can be complex, requiring 

users to learn how to operate them effectively. Some may find this 

learning curve challenging. 



Energy efficiency management in smart city… 671 

 

Cont. table 3. 1 

Dependence on the Grid 

In cases where smartphone applications rely on the grid for real-time 

data and control, power outages or grid failures can limit their 

effectiveness, especially during emergencies. 

Maintenance and Updates 

Ongoing maintenance and software updates are essential for keeping 

these applications secure and functional. Neglecting these aspects can 

lead to vulnerabilities and performance issues. 

Lack of Internet Connectivity 

Smart city applications depend on internet connectivity, and areas with 

poor or no internet access may face limitations in utilizing these tools 

for energy management. 

Sustainability Concerns 

The production and disposal of smartphones and related hardware may 

have environmental implications. Ensuring the sustainability of these 

technologies is an ongoing challenge. 

Privacy Invasion 

Some users may feel that using these applications invades their privacy 

by collecting data on their habits, routines, and preferences, raising 

concerns about surveillance and data use. 

Source: (Kalasova et al., 2021; Chmielarz et al., 2021; Rose et al., 2021; Dutta et al., 2019; Ivani, Biro-2 
Szigeti, 2019; Leal et al., 2023; Chowdhury et al., 2023; Sanchez et al., 2018; Aguilera, Boutueil, 2018). 3 

The integration of smartphone applications into energy efficiency management within smart 4 

cities offers numerous benefits, as previously discussed. However, it's important to recognize 5 

that there are challenges and problems associated with the use of these applications in the 6 

context of energy efficiency. Smartphone applications used for energy efficiency management 7 

often collect and process sensitive data related to a user's behavior and energy consumption 8 

patterns. This data can be vulnerable to security breaches or misuse, raising concerns about 9 

privacy and the potential for cyberattacks. 10 

Not all residents of smart cities have access to smartphones, and some may not be 11 

comfortable using these applications. This limitation could result in certain demographics or 12 

groups being excluded from the benefits of energy efficiency management. The compatibility 13 

of various devices, systems, and applications used for energy efficiency can be a significant 14 

challenge. Ensuring that different components can work together seamlessly is essential to 15 

achieving an integrated and efficient energy management system (Benevolo et al., 2016; 16 

Kalasova et al., 2021). 17 

Smart city applications may experience downtime or technical issues, which could disrupt 18 

energy management. Dependence on technology can sometimes lead to inconvenience and 19 

operational disruptions. The initial setup and ongoing costs of smart devices and their associated 20 

apps can be a barrier for some individuals or organizations. This financial constraint may limit 21 

their ability to invest in energy-efficient solutions. The digital divide can manifest in smart 22 

cities, with not all residents having equal access to smartphones or high-speed internet.  23 

This disparity can hinder the widespread adoption of energy efficiency applications. 24 

Some users may not be fully aware of the benefits and capabilities of these applications, 25 

leading to underutilization and missed opportunities for energy savings. Promoting user 26 

education and awareness is crucial. Smartphone apps for energy management can be complex 27 

and may require users to learn how to operate them effectively. Some individuals may find this 28 

learning curve challenging, leading to suboptimal usage. In cases where smartphone 29 
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applications rely on the grid for real-time data and control, power outages or grid failures can 1 

limit their effectiveness, especially during emergencies. This dependence on a centralized 2 

infrastructure may introduce vulnerabilities (Wolniak, 2016; Czerwińska-Lubszczyk et al., 3 

2022; Drozd, Wolniak, 2021; Gajdzik, Wolniak, 2021, 2022; Gębczyńska, Wolniak, 2018, 4 

2023; Grabowska et al., 2019, 2020, 2021). 5 

Ongoing maintenance and software updates are crucial for keeping these applications secure 6 

and functional. Neglecting these aspects can lead to vulnerabilities and performance issues. 7 

Smart city applications depend on reliable internet connectivity. Areas with poor or no internet 8 

access may face limitations in utilizing these tools for energy management. The production and 9 

disposal of smartphones and related hardware may have environmental implications.  10 

Ensuring the sustainability of these technologies and their responsible end-of-life management 11 

is an ongoing challenge. Some users may feel that using these applications invades their privacy 12 

by collecting data on their habits, routines, and preferences. Concerns about surveillance and 13 

data use can lead to user resistance and hesitance. 14 

3. Conclusion 15 

Energy efficiency management in smart cities, facilitated by smartphone applications,  16 

is a vital component of creating sustainable, environmentally friendly urban environments. 17 

These applications empower users and organizations to take control of their energy 18 

consumption, contributing to the broader goal of making cities more energy-efficient. 19 

Smartphone apps offer real-time data insights, remote control capabilities, and a wealth of 20 

information about sustainable practices, making them integral to the success of energy 21 

efficiency in smart cities. 22 

Smartphone applications enable users to remotely control and monitor various aspects of 23 

their homes and workplaces, from appliances and lighting to HVAC systems. The real-time 24 

data collected from sensors embedded in smart city infrastructure allows for optimal energy 25 

management, route optimization, and efficient energy demand prediction. 26 

The advent of the Internet of Things has made smart devices and appliances ubiquitous in 27 

modern homes and commercial buildings. Smartphone apps are at the forefront of enabling 28 

users to control and monitor these devices, contributing to energy efficiency. Real-time data on 29 

energy consumption patterns helps users make informed decisions to reduce energy wastage 30 

and costs. 31 

Smartphone apps not only provide convenience but also promote customization and 32 

automation, allowing users to schedule and automate tasks for energy-efficient operation. 33 

Participation in demand response programs and integration with renewable energy sources 34 

further enhance energy efficiency in smart cities. 35 
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These applications play a pivotal role in promoting eco-friendly commuting and waste 1 

management optimization. Moreover, they educate users about their environmental impact and 2 

suggest ways to reduce energy consumption and live more sustainably. 3 

While smartphone applications offer numerous advantages, they are not without their 4 

challenges. Concerns about data privacy and security, limited adoption, compatibility issues, 5 

and user education must be addressed. Reliability and affordability can be stumbling blocks, 6 

and the digital divide can create inequalities in access. Dependence on the grid, maintenance, 7 

and sustainability concerns also require attention, and some users may raise privacy-related 8 

objections. 9 

In light of these challenges, it is essential for smart city planners and developers to work 10 

towards solutions that mitigate these problems and create a more inclusive and secure energy 11 

management ecosystem. By doing so, we can harness the full potential of smartphone 12 

applications to create energy-efficient, sustainable, and livable smart cities. 13 
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