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Abstract 
The trend of using the Internet of Things (IoT) can be considered a so-called new technological revolution. This fact is confirmed 

by the ever-increasing number of connected devices around the world in all areas of life. The Internet of Things is defined as the 

interconnectedness of things, services and users. It is an interplay of intelligent devices and intelligent communication 

technologies. The flow of information and events generated by the device can be used to simplify management, monitoring and 

coordination processes. Communication with devices, users and services is key to the Internet of Things. Communication 

technologies affect the usability of the device. New communication networks are currently emerging for the Internet of Things. 

These include, in particular, networks for the transmission of a smaller data stream, which is typical for sensors and transducers, 

to the respective device. The success of these networks depends on availability, low cost, low power consumption, long range and 

ease of use. The mentioned technological solutions ultimately enable a higher degree of interoperability of users with the internal 

environment thanks to higher information and evaluation of the internal environment in real time. Thanks to these technologies, it 

is possible to increase user comfort and efficiency of using buildings as such. The aim of this article is to define the basic 

principles and connections within the IoT issue in connection with the effective management and operation of buildings as one of 

the prerequisites for sustainability in the field of construction. 
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1. Introduction 

Technological progress in the field of construction and monitoring of the internal environment of buildings brings the possibility of 

implementing the Internet of Things (IoT) in combination with various measuring sensors for more sustainable and better quality 

buildings in terms of use. IoT generally refers to a network of interconnected devices that can communicate with each other, exchange 

data and enable automation in various sectors. IoT includes physical objects with software, sensors, and processing capabilities that are 

connected to the Internet, allowing them to interact and perform tasks [1],[2]. This technology has a significant impact on everyday 

life, from communication to data transmission, monitoring and a number of other functionalities not only in fencing but in all branches 

of industry, which leads to the development of new products and services. 

IoT devices are programmed to execute specific functions and can revolutionize business operations, offering enhanced value to 

customers [3]. This technology finds extensive applications in transportation, manufacturing, public services, agriculture, 

infrastructure, and home automation [4]. For instance, farmers can utilize IoT-supported sensors to monitor soil conditions, while 

healthcare professionals can remotely track patients' health status for timely interventions [5],[6]. In the construction industry, these 

are, for example, communication technologies between construction participants, monitoring of the internal environment of buildings 

through various sensors [7], and the like. 

The data generated by IoT devices is invaluable to companies, enabling better predictive maintenance, minimizing operational 

disruptions, and facilitating research [8]. With the increasing popularity of IoT in both residential and commercial settings, individuals 

can remotely monitor various assets, from cars to household appliances, enhancing convenience and efficiency [9]. IoT technology has 

a rich history, dating back to the concept of interconnected devices in the 19th century, with notable advancements in the 20th century, 

such as the integration of a toaster and a webcam into the internet. Today, IoT is driving digital transformation across industries, 

making activities easier, faster, and more enjoyable [10]. In summary, the Internet of Things represents a transformative technology 

that is reshaping how devices interact, communicate, and automate tasks, offering a wide array of benefits across different sectors and 

enhancing connectivity in our increasingly digital world. 

The aim of this article is to define the basic principles and connections within the IoT issue in connection with the effective 

management and operation of buildings as one of the prerequisites for sustainability in the field of construction. 

 

2. IoT in the Context of Construction 

IoT in civil engineering involves the integration of sensors and smart devices to collect data for automation purposes. This 

technology is gaining significant interest due to its potential to enhance quality and productivity across various domains. In civil 

engineering, IoT applications are transforming infrastructure towards smart and sustainable solutions by improving efficiency 

throughout the construction value chain, from material production to maintenance [11]. IoT is utilized in buildings, roads, bridges, 

dams, railways, and sewerage systems to enhance occupant comfort, energy efficiency, security, and operational costs reduction.  
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Smart buildings, enabled by IoT, control operations like HVAC, lighting, security, and energy optimization through automation. 

IoT also plays a crucial role in intelligent transportation systems, smart irrigation facilities, smart parking systems, non-destructive 

testing, damage detection of structures, and real-time construction management solutions in civil engineering [12],[13]. These 

applications leverage IoT sensors to improve traffic efficiency, optimize irrigation, enhance parking systems, predict maintenance 

needs, and ensure safety in construction projects. Moreover, academic efforts are underway to integrate IoT methodologies in civil 

engineering classrooms using mobile devices, sensors, microcontrollers, and app development [14]. This educational approach aims to 

expose students to the practical applications of IoT in civil engineering, fostering hands-on learning experiences and preparing them 

for the evolving technological landscape in the industry. 

IoT is a term for connecting devices / objects / people to the Internet. Wi-Fi and / or Bluetooth are often used with this type of 

device. In particular, interconnected equipment should be wireless and should bring new possibilities for interaction not only between 

systems, but also for new possibilities to control, monitor and provide advanced services [15]. The Internet of Things allows devices to 

determine whether they are remotely controlled using existing infrastructure (computer network, Internet, mobile network, ...) that 

allows better integration of physical devices into computer-controlled systems, and thus higher efficiency, accuracy and economy as 

well as lower demands. per user [16],[17]. When sensors or actuators are installed in a facility, the technology becomes part of a more 

general category of various systems and subsystems. Logistics systems, integrated logistics chains and cycles in a global structure also 

play a role. 

 

2.1. Background context of IoT 

In the recent past, the concept of IoT has evolved into a combined digital form, intersecting different sectors, not excluding 

construction, as a result of global demand. The current IoT implements the following aspects [18],[19]. Sensor networks can be, for 

example: for active airflow control; underwater acoustic; for smart grids.  

The development of IoT was largely determined by the following milestones: 

- 1982 Coca Cola production machine at Carnegie Mellon University, 

 becoming the first device connected to the Internet to report its inventory and  

- 1991 Mark Weiser's key article on the ubiquitous computer (Computer of the 21st Century),  

- 1994, Reza Raji described the concept in IEEE Spectrum,  

- 1993-1996 solutions several companies (for example Microsoft, Novell's NEST), - 1999 Bill Joy introduced inter-device 

communication (D2D) at the WEF Davos [20],[21],[22]. 

Since 1999, the term or the IoT tool has become popular through the Auto-ID Center at MIT (founder Kevin Ashton). The result 

was the knowledge and application of so-called radio frequency identifiers (RFID) for inventory and labeling of products: RFID, radio 

frequency identification; NFC, short distance communication; barcode; QR code; digital watermark. 

 

2.2. Smart home 

In the field of construction, IoT is currently applied as part of systems for monitoring and control of mechanical and digital 

platforms of buildings and their infrastructure [23]. The interaction of the various elements is controlled either automatically or 

physically by manual input into the device or, for example, by voice commands. Another key moment is the capture of the internal 

environment of buildings for additional modification aimed at increasing the living comfort of building users [24]. Subsequent 

applications in construction are mainly related to the regulation of energy and other media as part of the infrastructure of construction 

as such to increase their efficiency [25]-[28]. In addition to home energy management, IoT is particularly important to Smart Grid, as 

it provides systems for the automated collection and processing of energy information to improve the efficiency, reliability, economy 

and sustainability of electricity generation and distribution. 

 

2.3. Monitoring of the internal environment of buildings 

Regulation of ventilation according to air quality or carbon dioxide content in the interior has been a popular function in recent 

years, promoted by suppliers of air handling units and control and regulation systems. However, in order to fulfill its purpose of 

reducing operating costs (meaning not only payments for energy consumption but also, for example, service and maintenance costs) 

and maintaining user comfort [29], it must be installed and set up taking into account a few basic rules.  

When measuring, we encounter two groups of sensors - carbon dioxide sensors and gas mixture (VOC - volatile organic 

compounds) sensors [30]. For safety reasons, carbon monoxide sensors are used in areas with a potential load of combustion products. 

 

2.4. Gas mixture sensors 

The HMOS (heated metal oxide semiconductor) gas mixture sensor works on the following principle: gases are ionized on the 

glowing grid and the working area of the sensor changes its electrical resistance, which is transformed into an output signal [31]. 

The sensor reacts to organic gases such as ammonia, methane, organic solvents, etc. Gas mixtures are used for calibration - from 

simple ones (for example CO, H2S and methane, supplemented with oxygen and nitrogen) to mixtures that contain up to 65 

components (Linde Gas SPECTRA VOC). The sensor is not selective - we are not even interested in the concentrations of 

individual gases, the total load of the room is measured. The specific concentration of the gases in the measured space is thus not 

known, only a signal indicating a value of 0 to 100% is obtained, which corresponds to the degree of air pollution. It is therefore 

necessary to empirically set an acceptable limit for the residence of persons and subsequently regulate the system with regard to it. 

Setting the required air quality has a significant impact on the energy consumption of the air conditioner, so it must be given due 

attention in the long-term tuning of the measurement and control system [32]. It should also be noted that VOC sensors do not 

measure CO2 concentration. 

 
2.5. Carbon dioxide sensors 

CO2 sensors currently work on the principle of NDIR (nondispersive infrared sensor) and achieve excellent long-term stability 

of ± 1% of the range per year. As the table suggests, they are used in rooms where, in addition to persons, there are no other 

significant sources of pollution [33]. In CO2 regulation, we see a massive potential for energy savings in large buildings and family 

houses with recuperation units. The measured values range from 0 to 2,000 or 0 to 5,000 ppm CO2, the minimum achievable 

concentration corresponding to pure outdoor air is about 300 ppm.  
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At the same time, however, in addition to CO2 concentration, other factors such as temperature, light intensity, noise, 

predominant color shades in the room and others affect the overall well-being of indoor users, not to mention subjective feelings 

given by clothing, health, stress, etc.. However, the measured CO2 value is at least a relative indicator of the room load and one of 

the few quantities in relation to which the air handling unit can be regulated. 

 

2.6. Carbon monoxide sensors 

Carbon monoxide is a poisonous gas that is produced by incomplete combustion. The detectors use a glowing semiconductor 

sensor to measure the gas concentration, the active substance of which changes its conductivity in the presence of CO2, i.e. they are 

selective sensors [34]. CO2 sensors are used as safety sensors in homes and public spaces (garages). When used in households, their 

task is to activate the alarm, so the sensor includes the evaluation circuit itself and the alarm siren. In garages, the analog signal is 

transformed from the sensor to the control panel, where limits are set to about 80 to 90 ppm CO2 in the first stage, in which 

ventilation is switched on, and 120 to 200 ppm in the second stage, which switches on emergency ventilation and signaling panels. 

Alarms are usually routed to the building management system. 

 

3. Conclusion 

IoT technology is revolutionizing various aspects of not only civil engineering by enabling real-time infrastructure monitoring, 

improving construction site management, improving resource utilization and optimizing energy efficiency, and much more. Some 

of the key benefits of IoT in the construction industry include a number of benefits especially from the perspective of the following 

aspects. In the field of efficiency, IoT applications in construction increase efficiency by enabling real-time data monitoring and 

analysis, predictive maintenance and improved decision-making. In the area of safety, IoT increases safety by identifying potential 

hazards before they lead to accidents, thereby improving overall safety measures in construction projects. In the area of 

sustainability, IoT contributes to sustainability in the construction industry by offering benefits in terms of efficiency, safety and 

sustainability, leading to smarter and more sustainable infrastructure development and management. In the area of resource 

utilization, IoT devices and sensors help in the efficient use of resources by providing real-time progress data, identifying potential 

delays and optimizing project completion schedules. In the area of cost savings, the integration of IoT sensors in civil engineering 

projects streamlines operations, leading to cost savings through better insight into asset utilization, efficient maintenance, and 

accurate planning of construction tasks. Essentially, IoT plays a key role in transforming civil engineering projects, making them 

smarter, more efficient and better equipped to meet the challenges of the modern world by improving monitoring, safety, 

sustainability and resource management. 
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