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Abstract

:

The introduction of intelligent devices in buildings has brought about tremendous changes into the construction industry. The use of automation is also gradually gaining interest from the stakeholders involved in the built environment. This paper presents the perception of property stakeholders (property valuers/real estate developers and service users) regarding the acceptability of smart buildings as a future built environment in Nigeria, using Benin City a case study. A total of 159 structured questionnaires were administered with 108 retrieved and valid for analysis. The information sourced from the respondents includes smart building awareness, the support for, drivers to, and limitations of its implementation, the willingness to develop smart buildings, and the willingness to pay proportionate rent to occupy smart properties. The findings showed that the poll of respondents for the property valuers and the real estate developers, as well as the service users, claimed to be aware of the concept, and they also support its development in the country. The drivers and limitations were ranked based on their perceived level of significance. This study recommends the promotion of awareness to accelerate its acceptance and implementation. This will help propagate the process of creating a smart city in developing nations such as Nigeria and prepare property valuers professionally for its management.
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1. Introduction


With the range of developments in the present times, new concepts and ideas are being introduced into the built environment to transform the construction sector. Among these include innovative methods, innovation adoptions, patent publications, research findings, green building technologies, innovative construction materials, and smart buildings technologies. This present research is based on the trend of acceptability and the application of the latter within the built environment in Nigeria.



The design and implementation strategies for smart buildings have been comprehensively reviewed by Kim et al. [1]. Recent studies have reported smart buildings as a rising niche in the development of buildings that portray global growth, but mostly in smart homes [1,2,3]. Developing nations are affected by various limitations in smart building technologies, unlike developed nations. Thus, infrastructures such as internet connection and a stable electricity supply in developed nations enhance these increasing trends. Furthermore, the governments of developed economies have made several policies to support the design, usage, and implementation of smart buildings within their territories.



In Nigeria, there is also a growing interest in the use of smart buildings [4,5,6]. Currently, a few buildings have been identified in Lagos State in Nigeria as smart buildings, as they are at the forefront of the implementation of its requirements in Nigeria. However, most buildings in the Nigerian built environment are conventional buildings. It is notable that the housing sector has its own dynamics, which are similar to the dynamics of society. As such, the housing sector globally has seen changes from makeshift cum shanty buildings to mud building to bricks and mortar, and it is currently evolving into the green building concept and, most recently, smart building technology. However, not much research has been conducted on smart buildings in Nigeria. Ejidike [7] assessed the different factors for having a concept of smart buildings in Nigeria, including its policy implications. In another study, a recent review on the importance of the adoption of smart building technologies in building construction for developing countries such as Nigeria showed that it is possible [8]. Considering the high energy demand in Nigeria due to the large population of over 200 million, as well as the goal to improve on sustainable development, there is a need for more awareness on smart buildings in Nigeria, just as green building technologies are increasing [9,10]. However, there are a vast number of smart buildings on an international scale. In the study by Mohammed et al. [11], a specific focus on developing models was presented that would solve conventional problems in real estate management, but there was little focus on smart buildings. Ye et al. [12] studied the use of ICT energy efficiency for smart buildings. The study revealed that energy efficiency in buildings can be achieved through the integration of ICT in smart buildings. Another study was carried out by Lashkari et al. [13] on the use of ICT for smart buildings. The study focused on identifying and reviewing smart home design/concepts of its operation and the various technologies that decrease the level of energy required in smart buildings without the users’ wellbeing being compromised. From their findings, it was opined that smart homes will be popular in the future, which will result in an increased demand for the efficient management of energy. They further asserted that the emerging smart buildings would require the involvement of several specialists because of their multidisciplinary nature. Wilson et al. [14] reviewed the literature on smart homes and their users. The study opined that there was a need to elaborate on the users of smart homes/buildings and how best this information might be used. In a recent study, the drivers and systems of smart buildings were reviewed by Froufe et al. [15], who found a consensus on the benefits of technology in society, such as for sustainability.



In smart buildings, the use and conservation of energy is key and requires careful planning and control. Cibira and Simon [16] examined the control of energy flow in smart buildings. Their study was aimed at providing a good understanding of the current metering technology in smart buildings. The paper described the control of energy flow and the use of a decentralized method of energy measurement to identify the energy consumption of devices in smart buildings. In the 21st century, modern power systems, such as the smart grid, which combines information technology with the traditional electricity supply infrastructure, is surfacing in many cities [17]. For the efficient use and management of electricity in smart buildings, Lee and Bahn [17] presented a new electricity usage scheduling algorithm that minimizes the total charge of electricity and guarantees the safe execution of all electricity demands. The study conducted a series of experiments with several conditions of electricity demand using the proposed algorithm. The results showed that electricity charges in smart buildings can be reduced by 27.0% on average and up to 36.4%. There are also studies on smart buildings in the field of health care provision. Moreno et al. [18] examined the role of smart buildings in the health care environment. They opined that in designing smart buildings for the purpose of healthcare, consideration should be given to the needs of the users and the healthcare staff who communicate with the users. The users should feel a sense of safety and security. However, a recent study portrayed the user’s concern as being the affordability of the housing [19]. Thus, there is the need to also understand the options for adopting smart buildings in developing nations.



The context of this present study Is the high regional heterogeneity in Benin city and the rest of Nigeria, which is a resonant issue and a task for governments all over the world. As such, it is important to deeply develop an understanding of this context in order to give the topic a wider and international context. Therefore, the authors’ hypothesis was drawn from issues that revolve around the acceptability and adoption of smart buildings in Nigeria. The questions that birth this present research are as follows: What is the current state of smart buildings in developing nations? What could be done to enhance smart buildings in developing countries? How do tenants and the built industry professionals perceive smart buildings? And what policies are necessary to enable the implementation of smart buildings in Nigeria? From the foregoing, it is implied that strong empirical and academic study on the perception of property stakeholders to the development and implementation of smart buildings in Nigeria is sparse, yet it is essential to its realization in terms of acceptance by developers and the users of buildings, and its marketability in the country, hence this study.



This study therefore investigates the acceptability of smart buildings by property stakeholders, from the lens of property valuers who are also into real estate developments and service users, as a future built environment. This study adopts empirical survey techniques using a self-administered questionnaire. The perception of these respondents was sought to ascertain the drivers and limitations of its implementation in Nigeria and their agreement analysis is put forward. The result of the analyzed questionnaire forms the basis for reaching the conclusions presented in this study.




2. An Overview of Smart Buildings as a Future Built Environment


Although the studies by Davies and Anireh [20] and Rohracher [21] reveal that the concept of building automation dates to the late 1970s, Fantana and Oae [22] were of the opinion that buildings have been equipped with automation systems since the 1960s. In 1973, a major energy crisis erupted that led to the reappraisal of energy generation and use. This led to the acceptance of smart features as the best alternative for energy conservation and crime prevention systems. In the 1980s, the integrated single function/dedicated systems (ISF) were developed. These systems enable the integration of lighting control, fire automation, lift control, security control, air-conditioning control, TV and image communication, electronic data processing, and data communication, etc., at the level of an individual function subsystem. A new system, known as the integrated multifunction and building level system, was later developed in the 1990s with the ability to integrate security, automation and/or service systems, and access control, as well as the ability to unify networks. This technology has communication systems that are assimilated as building automated systems (BAS) at the building level and integrated communication systems (ICS) that allow communication between the building and the user. The advancement of technology has led to the development of the now system, which was referred to as a computer integrated building in the year 2000. This system provided several types of networks that use Internet Protocol (IP) network technologies. This allows for distance control and monitoring through the internet. With the use of modern information technology, the integration and management of this system and voice and media communication through telephones has been made possible.



In Nigeria, conventional buildings continue to make up a significant majority of the building space as they are more rampant and are expected to maintain that position for several more decades. Conventional building design continues to receive the majority of attention within the construction sector. However, very few buildings make an effort to incorporate some aspects of sustainable construction, such as smart building design and green design, into their construction. For example, very few buildings use solar panels as a substitute for the use of the electricity power supply towards supplying energy. This energy supply could be useful for cooking, air conditioning, lighting, home gadgets, and powering users’ equipment. Additionally, very few buildings install other energy-efficient appliances that boost the insulating material within the building. Due to advances in technology, these buildings are now capable of receiving renovations that will improve their energy efficiency, their sustainability responsibility, and the occupants’ quality of life. The ever-increasing demands for improved building environments and functionality for occupants’ security, comfort, and well-being with sustainable designs, cost minimization, and the conservation of energy has promoted the development of the concept of smart buildings for residential, commercial, industrial, and other uses [22,23,24]. Some recent studies looked at smart buildings with the application of machine learning methods, such as the prediction of window-opening and occupancy sensing [25,26]. For the operation of smart buildings to be effective, there are various key elements that are necessary, as typified in Figure 1.



The elements of smart buildings that could be deployed to optimize building operations include energy, lighting, water, HVAC (heating, ventilation, and air conditioning), fire, elevators, 24/7 monitoring, elevators, access, security, occupancy sensing, door access, window-opening prediction, plug-in hybrid electric vehicle (PHEV) charging, or all-electric vehicle (EV) charging [26,27]. Despite these elements, occupancy information is important for HVAC control to achieve energy saving [26].



In principle, the understanding of smart buildings is related to the definition given to the concept. Smart buildings can be said to be the technology whereby buildings are designed to have good internet access, data connectivity, good energy monitoring systems, stable electricity supply, good utility control, reliable security control, wireless connectivity based on the availability of gadgets, and their applicability. In summary, they are buildings that use technology to improve efficiency, sustainability, and security. They can use sensors, automation, and data analytics to control lighting, heating, ventilation, and air conditioning (HVAC), as well as security systems and access control. Smart buildings can also collect data on energy usage, occupant behavior, and other factors to improve performance over time. Other definitions that veer from the one adopted for this study have been succinctly described in various literature (see [20,28,29,30]). For instance, Pramanik et al. [29] defined a smart building as “one that behaves smartly with the coordination of different heterogeneous systems by incorporating smart technologies”. Accordingly, GhaffarianHoseini et al. [30] described smart homes as residential buildings that have been restructured by installing a network of sensors for communication, domestic devices, and appliances that enables the occupants to control the functions of the house by means of sophisticated monitoring and control systems. Davies and Anireh [20] also described smart buildings as “one where all appliances and systems communicate with themselves and are controlled remotely from anywhere by internet facility”. This suggests the importance of the use of internet connectivity to the appliances and systems in the building, enabling the user to control the gadgets from any location using a remote sensing device. According to Ye et al. [12], smart buildings were described as “a suite of technologies used to make the design, construction and operation of buildings more efficient, applicable to both existing and new-build properties”. In this description, consideration was given to the design, construction, and operation of building for more efficiency in new and existing buildings. Implying that existing buildings can be suitable for the installation of smart technologies is referred to as retrofitting. In the literature, retrofitting an existing building simply means the introduction or addition of new technology into a building to enable it to perform maximally and to comply with the new building trend [30]. In this case, retrofitting an existing building includes the installation, connection, and integration of all smart homes’ devices, such as using sensors, appliances, and devices in a manner that the building environment can be controlled, monitored, and accessed through a communications network. The timeline on the evolution of smart homes and smart devices is depicted in Figure 2.



Karimi et al. [31] presented a good historical overview of smart homes and smart buildings that showed different areas that could be adaptable. Fabi et al. [32] opined that the networking of the devices in the building was most important for its ability in allowingthe flow of information exchange. Alohan and Oyetunji [33] stated that existing conventional buildings can be retrofitted to increase the performance of old buildings. Fabi et al. [32] asserted that users of buildings prefer retrofitting their existing buildings to smart environments rather than developing a new home. Retrofitting requires important decision-making and building standards that must be followed. Mejjaouli and Alzahrani [34] also presented a recent study on retrofitting strategies in residential buildings by decision-making energy modelling. In the same light, Sgrò [35] sees the retrofitting of existing buildings as more complex. This was attributed to the difficulty in carrying out the maintenance and improvement to provide the new desired qualities and performances that were not present in the building. Furthermore, Sgrò [35] asserted that retrofitting a building is not always viable economically. Moreover, the renovation of existing buildings is more complex, as it must face several constraints to remedy the obsolescence of such buildings and requires the maintenance and redevelopment of improvements, due to the occurrence of performance decay, in order to provide new qualities and performances that were not originally foreseen. Therefore, the questions for the present study include: What is the perception on the acceptability of smart buildings in Nigeria? How do stakeholders perceive the acceptability of smart buildings in the Nigerian built environment?




3. The Research Theoretical Underpinning


Smart buildings are considered to consist of three components, which are the internal network, the external network, and the residential gateway [28]. This study describes the internal network as the part that consists of both wired and wireless networks and that supports several systems that improves the quality of life of the users of the building through the installation of a combination of different communication systems, while the external consists of the internet network and the service providers that are responsible for the provision of services to users of the building. The building is linked to the internet through a device that is connected to the building. Fabi et al. [32] described the network system as the most essential technology in smart buildings because it permits the flow of information from the building and the building users. The ability of the building and the user to communicate is believed to make life easier for the user of such buildings. For instance, smart homes are designed to have the ability of providing energy saving efficiency, making life easier, providing convenience, and making life more comfortable for users (including the elderly and the disabled), as well as lowering the running cost, increasing satisfaction, increasing productivity, providing fault detection systems, and enhancing the ease of management [24,29]. It is pertinent to add that there is a dichotomy between the reality and perception of smart buildings [36]. Thus, the use of perception analysis can be applied in cases where the technology is still transitional, developing, or non-existent.



Studies have shown that less developed regions suffer from a deeper magnitude of real estate price cycles and slower overall economic recovery (see [37]). This portrays that the private investments in less developed regions are, therefore, riskier, signalling a vicious poverty cycle. However, fiscal decentralisation has been found to be favourable for meeting differing needs between regions. The implementation of smart buildings in less developed regions has often been reported to be challenging due to a number of reasons. These include the deeper magnitude of the real estate price cycle, the volatility of real estate prices, the lack of skilled labourers, difficulties in accessing capital, and slower economic recovery. Despite these challenges, there are benefits inherent to its implementation in less developed regions. These benefits could be improved energy efficiency, increased occupant comfort, enhanced security, and improved asset management. This can help to identify and address problems early on, preventing costly repairs or replacements. Nkoro and Otto [38] looked at the issues bearing on the current dispensation in Nigeria with some recommendations for policy implications.



Furthermore, the role of labour mobility is an important aspect that should be considered in smart buildings development. As people try to obtain better jobs to use smart technologies and utilise their skills better, some of them migrate from developing nations to developed nations. Smart buildings are complex systems that require a variety of skills to design, construct, and maintain. As the demand for smart buildings increases, there will be a need for skilled workers with expertise in a variety of areas. In that regard, it is vital to state that there are great benefits of investing in infrastructure in developing nations, as there is an increasing trend in labour mobility and net migration out of Nigeria, and Benin City in particular.



Recent studies have shown that the regions with insufficient infrastructure face traditionally low labour mobility and suffer from higher and longer unemployment [39,40]. However, other studies have reported that New Economic Geography (NEG) stresses the role of infrastructure investments in the attractiveness of a region for foreign direct investment (FDI) [41,42]. According to Nkoro and Uko [42], FDI alone does not necessarily improve the well-being of the populace, except when a certain minimum level of financial sector development is achieved. Their study demonstrates that the development of the domestic financial sector is a prerequisite for FDI to effectively promote inclusive growth in Nigeria. Hence, it extends the domestic absorptive capacity of the financial sector development by promoting reforms that convert FDI inflow into inclusive growth. Furthermore, countries with relevant improvement in infrastructure have witnessed a clear improvement in poverty status [43]. Therefore, in a wider discussion, investment in infrastructure may help to solve the housing poverty problem, a resonant issue across Europe [44]. Thus, the next sub-section is devoted to the methodology used in achieving the research goal, which is to investigate the stakeholder’s perception of the application and acceptability of smart buildings in Nigeria. For this smart building research, this model utilized an examination of the property stakeholders (i.e., property valuers and real estate developers) by using the theoretical concept illustrated in Figure 3.




4. Evaluation of Its Application and Acceptability as a Future Built Environment


It is important to state that smart buildings are a relatively new concept in the current Nigerian construction industry. Its construction requires a high level of technical knowledge and skilled manpower. Due to the unsteady power supply in various parts of Nigeria currently, including Benin City, the implementation of smart buildings might be slow and demands more energy sources per building. Secondly, an increased level of automation, such as in the use of robotic systems and programmed systems such as lifts, electricity, and computer systems, is necessary. Thirdly, with the use of information technology (IT) in Nigeria, the architecture of smart buildings requires the constant availability of two main functional and dedicated infrastructures: electricity and information communication technology (ICT). Ejidike and Mewomo [8] identified different infrastructural challenges to the implementation of smart buildings in Nigeria and made some recommendations. However, we found that these recommendations have some challenges with implementation in the Nigerian built environment. Hence, different types of factors were considered in our survey. In that vein, the pilot study conducted here shows that there is the need for the right amenities and infrastructure in Nigeria to ensure that smart buildings can thrive, but the stakeholders and government need to work together to achieve it.



It has been shown that smart buildings have found usefulness in developing smart cities, as seen in the literature search. In the framework of the development of smart cities, Al Dakheel et al. [45] argued that intelligent, innovative infrastructure as well as digital technologies should be applied while simultaneously using these technologies to satisfy the requirements of people and communities. According to Al Dakheel et al. [45], the production of intellectual capital and the development of smart cities requires the capability to use digital technology for enhancing the effectiveness and capabilities of the built infrastructure in order to generate knowledge and to transform that knowledge into distinct networks, open communication systems, and unique ICT data acquisition. In Nigeria, the two infrastructures, recategorized based on their use and demand, are electricity and ICT. These components are necessary to have a functional smart city in which all the necessary stakeholders, service users, and infrastructures are available (See Figure 4).



4.1. Electricity


This infrastructure is one of the major requirements in smart buildings in order to power all the appliances and the automation devices. Etukudor et al. [46] described it as an essential need that promotes socio-economic development and the standard of living, and the general way of life of people. Due to its importance, GhaffarianHoseini et al. [30] opined that the use of electricity and electricity management in smart buildings had been considered in the literature. However, in Nigeria, the availability, quality, and reliability of the electricity supplied to the populace is a very big question that needs an answer. Frequently, the populace suffers from incessant and frequent power outages with neither apology nor explanation from the authorities to their customers [46], resulting in the poor development of economic activities. Iwuagwu and Iwuagwu [47] identified the erratic electricity power supply in the country as one of the challenges of adopting intelligent buildings. The study asserted that the total quantity of electricity supplied by all the generating stations in Nigeria is far less than the quantity demanded, thus causing a negative effect on the incorporation of intelligent technology in building. The challenges militating against the Nigerian Electricity Supply Industry (NESI) in the supply of electricity as identified by Etukudor et al. [46] include aging infrastructure, irregular gas supply, transmission grid outages and failures, inefficient metering system/high loss of revenue, high transmission losses, and under-utilization/insufficient generation. With these kinds of problems, it is most likely that they will grossly affect the efficient functioning of the automated systems installed in buildings. This will adversely affect the functioning, comfort, cost, and well-being of the occupants negatively as well as the market penetration of smart buildings in the country. However, Etukudor et al. [46] opined that the problems could be resolved if the government agencies and private investors in the sector are resilient and determined to step up and coordinate their current efforts in bridging the gap between the demand and supply of electricity. If this suggestion is adhered to, positive changes might be manifested in the future. Different researchers have investigated the power infrastructure and electricity in Nigeria and made assessments on the predicted load demands [48,49,50]. These studies considered the total prediction of electricity demand and supply in Nigeria. The studies by Nwokoye et al. [50] and Ezennaya et al. [51] revealed that there is the need for the adequate provision of infrastructure due to the continuously increasing demand for electricity in the country, as shown in Table 1.



The predicted load demand was obtained by adding the demand forecast for residential, commercial, and industrial properties. It is worth stating that most parts of Nigeria are billed based on estimated supply, and that the transformer control units are also lacking smart reading meters. As such, this table lacks the supply data, but it is recommended in future studies, especially considering the rising population in Nigeria, which implies that there will be more load demand and energy consumption. Moreover, comparisons can be made with related studies in which the economies have functional smart reading systems for their supplies, as good monitoring helps to increase the energy productivity in that economy. In addition, supply data would help in improving the objectivity of the interpretation of similar tables. Chidinma et al. [52] investigated the determinants for ascertaining Nigeria’s electricity demand by using data from 1970 to 2016; however, their study also showed the gap and the shortfall between the supply capacity and the demand for power by the populace as of 2011 up to 2030, as seen in Table 1. Furthermore, similar patterns have been found using other predicted studies on Nigeria’s power supply, but some variations may exist based on the method used in the prediction analysis. The electricity issue in Nigeria has not really improved over the years, as demonstrated by an energy report by Oando PLC [53], which showed that, over a decade ago, the predicted energy demand was mostly based on the supply from the hydro-electric dam in Kanji Dam at the time, before the sector was privatized. The supply has not improved much, despite Nigeria currently possessing more energy generating stations and power generating companies. Table 2 shows the power infrastructure and electricity in Nigeria before the 2013 privatization.



Table 2 reflects that another area of concern is capacity based on the electricity supply in Nigeria. Tinubu [53] showed that the available power generation in Nigeria as of the year 2011 was 3600 MW, while the nation’s demand was 10,000 MW and the difference was 6400 MW, as confirmed in Nwokoye et al. [50]. The transmission and distribution available were 5838 MVA and 8425 MVA, respectively, while the demand was 9340 MVA and 15,165 MVA respectively, with a difference of 3502 MVA and 6740 MVA [50,53]. The difference reflects that there is a huge gap in energy demand in Nigeria that needs to be met. However, there are different issues that the power generating companies present that affects their efficiency in Nigeria [54,55,56,57]. This should not be the case, as the nation’s population is also increasing, with a concurrent rising energy demand from the same energy sources. The trend of the data for Nigeria’s electricity supply is presented in Table 3.



Table 3 shows data from the time when Nigeria’s power sector was privatized in 2013. According to Ogaji [55], the document that was presented on behalf of the GenCos revealed that, from 2015 to 2022, the total capacity payment loss made through the power generating companies has risen from ₦214.93 billion in 2015 to ₦132.19 billion in 2022. The implication is that the cumulative amount of annual capacity payment loss is ₦1.8tn, based on the Power Generation Trend (2013–2022) information derived from the GenCos’ working paper [55]. Looking at the power trend data on electricity in Nigeria, it can be deduced that there are various issues that affect the unstable supply of energy, which can be linked to several factors too. An investigation on this unsteady power supply in Nigeria, which leads to high losses, is recommended for further study to understand the issues of electricity supply on smart buildings’ development in the Nigerian built environment.



Currently, the Nigerian power sector has been privatized into different energy companies, but the power supply is still unsteady, unfortunately [55,56,57]. Some of the issues that affect the Nigerian energy sector and cause some losses include the metering systems, poor data recording, poor payment systems, and the unsteady power supply to customers, which makes it challenging for them to remit payments for energy bills that are wrongly estimated or energy bills showing what they did not use, for example, in places where there were issues with the transformers, yet they are still asked to pay. Thus, these series of power issues in Nigeria would create a challenging environment for investment into smart buildings in the Nigerian built environment. In that context, the study by Awosope [58] asserted that the supply of power from the electricity industry, which is sometimes below 0.5 per unit, was pitiable and would have a serious impact on national development. This clearly indicates that the supply is grossly inadequate and is responsible for the incessant and frequent power outages. Thus, this may greatly affect the operation of smart buildings in Nigeria, unless there are changes in the power sector of Nigeria as well as other energy generating agencies operating in Nigeria.




4.2. Information Communication Technology (ICT)


The use of information technology in a building enables the building to interact with the environment and internal devices and equipment. It is another very important infrastructure that drives smart buildings. Without good, reliable, and high-speed internet connectivity, there will not be efficient performance for smart buildings as they require good interconnectivity to facilitate the information exchange between buildings and users. In Nigeria, the sorry situation of the information communication technology has been expressed in the literature [59,60,61]. Akinloye [61] exposed the effect of slow internet loading and its implications on the Nigerian economy. The study opined that poor internet connectivity has led to many Nigerians losing business opportunities. When compared with Madagascar’s broadband speed, Akinloye [61] asserted that the country relies on the subsea cables with optical fibre technology that supplies fiber broadband with an average speed of 24.87 Mbps, as reported in 2018, although it is currently faster; this caused the country to be ranked 22nd in Africa, but Akinloye lamented that Nigeria depended on WiMAX, 3G, and 4G connectivity to cover the country’s large population.



Similarly, the World Bank asserted that Nigeria needs to develop a broadband infrastructure as it accelerates socioeconomic development and digital economic transformation [59,60]. They ascertained that the development of broadband infrastructure is highly required to expand internet access and reduce the cost of data services and the prices of devices, which are currently not affordable by Nigerians living under the poverty line, in order to increase public access, thereby creating more awareness and encouraging demand. The formulation of these policies and interventions would benefit the poor, thus bridging the inequality that exists between the poor and the rich in terms of internet access. The study also revealed that the Nigerian market on ICT can be more effective in the area of access to household information communication technology, broad-band services, fixed telephone and computer penetration, and with better affordable services, customers’ protection, and e-applications [62]. Similar ICT markets exist in neighboring countries to Nigeria, such as Ghana [63], which shows the trend in technological growth in developing nations.



In Nigeria, the National Communication Commission (NCC) designed a 5 year plan (2013–2018), as communicated in the Presidential Committee on Broadband document [64], which was inaugurated back in September 2012. The NCC [64] defined broadband in the Nigerian context as “an internet experience where the user can access the most demanding content in real time at a minimum speed of 1.5 Mbit/s.” Nevertheless, this definition has the caveat that it is subject to periodic review about every 5 years in accordance with technological advancements, such as superfast broadband and fiber-optic broadband. The current plan of the NCC [65], which covers 2020–2025, states that the goal is to provide broadband access, which was defined as minimum download rates of at least 1.5 Mbps with at least 30% coverage, as well as providing 3G coverage to at least 80% of the population. Based on Nigeria’s current state of technology, development, and the applications of broadband technology, the country’s current achievement of 30% penetration falls short of what it aspires to achieve. Furthermore, while the developed world marches towards the widespread deployment of 5G technologies, the country has not yet achieved significant 4G coverage and adoption. The new Broadband Plan of 2020–2025 is intended to deliver data download speeds across Nigeria of at least 25 Mbps in urban areas, and 10 Mbps in rural areas, with effective coverage available to at least 90% of the population by 2025 at a price not more than ₦390 per 1 GB of data (which is equivalent to 2% of median income or 1% of minimum wage, based on the plan) [65]. In addition, it has been determined that Starlink has the fastest speed in Nigeria at the present time, with a significant leading speed of 230 Mbps compared with the speed of fiber internet, which is 14 Mbps. Starlink is a satellite internet service provider that is owned by Elon Musk’s SpaceX, and Starlink has been around since 2016, but it was not until 2018 that it was formally launched to begin operations. Although Nigeria as a country is falling behind its competitors, as Starlink gives access to the internet via satellite, there are other service providers already in operation in Nigeria that offer Nigerians with access to the internet via masts, such as Glo, 9-mobile, MTN, and Airtel. Undoubtedly, slower speeds cannot effectively support smart buildings, which require high speed broadband to function efficiently. For example, the minimum download speed for homes, schools, and small businesses are 25 Mbps and above, 100 Mbps–1 Gbps and above, and 50 Mbps and above, respectively [66]. Based on ICT use, most buildings in developed nations and some developing nations now use internet modems, WiFi transmission boxes, and internet connection cables (e.g., RJ-45), as well as television (TV) free-to-air connection points and smart TV wall stands that are connected during the construction as part of the design, or installed after the construction.



With the trend in innovations and technology, the adoption of smart technologies in buildings can also improve its adaptation towards achieving the benchmark of smart buildings. Thus, it is important to investigate the notion or perception of smart buildings from the populace that it is intended for, in Nigeria. As seen in Figure 4, these technologies include internet WiFi systems, telecommunication masts, helipad communication towers, internet control rooms, high-rise security control rooms, situation control rooms, security surveillance rooms, media houses, hospital control stations, emergency response control rooms, smart speakers, smart phones, online calling platforms, online streaming gadgets, video conferencing/virtual meetings systems, video calling application, p2p (peer-to-peer) chatting platforms, social media/online dating applications, Amazon’s Alexa, Google Home, smart TV, smart meters, smart bathrooms, smart lights, etc. Figure 5 gives a typical setting of smart building technologies.





5. Research Methodology


This section covers the research methodology for this investigation.



5.1. Study Area


This research was carried out in the middle belt region of Nigeria, called Benin City in Edo State of Nigeria, in West Africa. This bustling metropolis, known as Benin City, serves as the capital of Edo state in Nigeria, with good road networks and a range of building designs (see Figure 6). It is a large city that is also an ancient city in the Benin Kingdom that is known for its traditions and art works. Benin City is the capital of Edo State and has 2 local government areas (LGA) out of the 18 LGAs in Edo State, namely Egor and Oredo. Edo State is also bordered by Kogi State, Ondo State, and Delta State. It also has rivers such as the Benin River, the Ikpoba River, the Ogba River, and the River Niger, which crosses it. There are various ethnic groups in Benin City, mainly Benins, Esan, and Afemai. Around Benin, there are others, for example, Urhobo, Itshekiri, Ijaw, Owan, Izon, Akoko Edo, Igbira, etc., but the most predominant tribe in the old Bendel region are the Benin people. Benin City is found between the coordinates of latitude 6°2′ N and 6°4′ N and the coordinates of longitude 5°3′ E and 5°4′ E. The total area of Benin City is approximately 1125 km² in size, out of Edo State’s total area of 19,819.277 km². According to Atedhor et al. [67], Benin has a topography that is rather flat because it is located at an elevation of around 8.5 km above sea level. It is located in the dense equatorial rainforest zone, which is known for its high levels of precipitation [68,69]. According to the National Population Commission (NPC) in the 2006 Census data, Benin City had a total population of 1,756,318 people [70], but the current 2023 data estimates there to be 1,904,631 people in Benin City, in Edo State, Nigeria [71].




5.2. Data Collection and Research Process


To achieve the goal of this research, this study portrays an interesting view in the empirical research conducted through a survey of a sample of property valuers cum developers and service users in Benin City. A quantitative research design was adopted in this study through an extensive systematic literature review to identify the perceived barriers and drivers associated with the promotion and implementation of smart buildings. Those benefits and drivers that are easy to understand, unambiguous, and appear more commonly in the literature were selected and adopted for investigation. For the purpose of this study, property valuers are professionals trained and certified on property valuation and advice in the built environment. Real estate developers are those who prepare and develop land for different purposes such as residential, commercial, and/or any other use, which could be for personal occupation and/or investment purposes. In the built environment, a property valuer could also be involved in real estate development services. In this study, only the property valuers that work in real estate developments within the study location were selected for investigation. In addition, a service user is defined as a person or group of persons who use the developments for their own purposes, such as occupying the premises. This study adopts a self-administered questionnaire to gather the information used for this research. The questionnaire was designed to obtain relevant information that is pertinent to the study. In selecting property valuers and developers, the entire population of registered firms in the study area was adopted because they are of a small number. The service users of buildings in the study area were selected using a convenience sampling technique. In total, 51 questionnaires were administered to property valuers and developers and a total of 139 to service users. From the total distribution, the response rate which was valid for the analysis of property valuers and developers was 40, representing 78.4%, while that of the service users was 78, representing 72.22%. The questionnaire used for this study contains question topics such as the awareness of smart building, a willingness to develop and/or pay rent for smart building occupation, and the support for the promotion and implementation of smart building development in Nigeria. In addition, the questionnaire was prepared by introducing key elements of smart building developments, with details on the knowledge of the subject area. However, the data excluded information about the size of the building firms consulted. Based on the case study, all the respondents are active stakeholders in the Nigerian built environment. However, to ensure that the respondents were given full information on the subject area, some definitions were made of key terms used in the study. For instance, the questionnaire made provision to explain the term smart building, which enabled the respondents to understand the subject matter and removed any bias of ignorance or lack of information.



In this study, the focus is based on the built environment, and the responses obtained were categorized using the Likert Scale. To easily understand the responses and unify the answers, which also enabled the analysis, we had to adopt a well validated research tool called the Likert Scale, as adopted in various studies [72,73,74,75]. For instance, Rokooei and Karji [75] applied this method as a significant tool in evaluating the perception of construction management students on smart buildings. In the present study, a five-point Likert was adopted for questions on the drivers and limitations of the development of smart buildings in Benin City. Responses from the categorized options were computed to determine their mean score for each factor in agreement with their level of importance. These were ranked based on their weighted level of significance. Using the Likert scale, we used numerical quantities 1, 2, 3, 4, and 5 to represent the different categories. To achieve the mean score using the Likert scale requires the averaging of the categorized options, based on the variables used to categorize the options. The mean score, MS for N number of samples, is defined in Equation (1) as:


MS = {Frequency of respondents per category}/N



(1)







The objective of the mean score is to produce a single score for our questionnaire. Then, the reliability analysis can be utilized in identifying the items that can generate the most reliable measures, which are then used as the variable items for creating an overall score or an average score for the questionnaire. In order to determine the measured construct, both the items and the scale of the questionnaire were evaluated [76,77]. This was utilized in the process of determining how to scale the questionnaire, as the Likert scale was then established. The decision point of the Likert scale is 3.00, meaning that an attribute is considered significant if the mean ranking (MR) ≥ 3.00, but is rated less significant if the MR < 3.00. The mean item score is a quantitative analysis technique used for prioritizing the level of significance of the variables investigated. This method has been widely used in various construction related research (see [78,79,80,81]). The mean item score analysis was adopted in this study to determine the relative priorities that the respondents attributed to the benefits and drivers of smart building development. This description shows precisely that the statistical interpretation of the mentioned results has a direct bearing on the results of the perceptions of smart buildings in Benin City, especially since this was the main analytical method that was used. In addition, each driver of smart building development was assigned a unique code from D1 to D11. In the same vein, each limitation of smart building development was assigned a unique code from L1 to L15, respectively. All the codes assigned for the drivers and limitations were utilized in the perception analysis, agreement analysis, and importance index, as detailed in Section 5.



However, the data were first tested for reliability. The value of the Cronbach’s Alpha ranges from 0 to 1, because alpha (α) is a coefficient of reliability. This procedure, which is also known as the reliability test, is typically carried out prior to carrying out a statistical analysis of the data that have been gathered. According to George and Mallery [82], a Cronbach’s Alpha value of 0.90 or higher indicates excellent internal consistency; a value of 0.80 or higher is considered good; a value of 0.70 or higher is regarded as acceptable; a value of 0.60 or higher is regarded as doubtful (or questionable); and a value of 0.50 or below is regarded as undesirable (or unacceptable). Based on the reliability test, the Cronbach alpha coefficients obtained for this study were 0.903 and 0.89 for the drivers and the barriers, respectively. Hence, it demonstrates a better degree of internal consistency among the advantages that were measured. Moreover, the greater the degree to which the value of Cronbach’s Alpha approaches the value of 1, the higher the level of internal consistency the item possesses within the scale [83,84,85,86]. Based on that consideration, this study’s data are consistent since they are above the 0.70 threshold.



An agreement analysis was carried out in this study to determine the extent of consensus (if any) between the views of two or more groups on the same constructs or variables of measurements. This agreement analysis, as adopted by other researchers [76,79], was conducted to determine the extent of agreement between the opinion of property valuers cum developers and service users. According to Zhang [87], rank agreement analysis is a quantitative approach that adopts the rank agreement factor (RAF). RAF reveals the absolute average disparity in the factors ranking between the two groups, i.e., property developers cum valuers (group1) and service users (group 2). The equations for computing the RAF can be computed using the equations put forward by various authors [78,79,87]. The referenced literature presents the details of the equations for the ranking analysis, the Rank Agreement Factor (RAF), the Maximal Rank Agreement Factor (RAFmax), the Disagreement Percentage (DP), and the Agreement Percentage (DP). Other terms include the Ri of a benefit, which is the summation of the ranks of the benefits or drivers from the two groups. Ri1 denotes the rank of benefits within a component in group 1. Rj2 represents the mean value of the total ranks. N denotes the number of variables in each component. K denotes the number of groups (k = 2). Rij represents the summation of the ranks of a given benefit by the two peculiar groups. Ri2 represents the rank of benefits within a component in group 2. (Ri1−Ri2) gives the ranking difference in benefits or drivers obtained from the two groups. For the importance index, II was used in this study, and it is computed using the expression:


II = {Mean Score of Property Stakeholders + Mean Score of Service Users}/2



(2)








5.3. Ethical Considerations


The ethical considerations in this study were key in developing the research and ensuring that the data are used as stated in the questionnaire. The data were obtained from respondents who were all informed about the purpose of the study. The respondents gave their consent to use the data for the research and they shared their responses willingly. The research questionnaire was also used to inform the respondent about the research and the responsibility of the researchers in the investigation. The data collection in this study protects the respondents’ data and ensures that the interests of the respondents are safeguarded. There was no coercion exerted on the people who participated in the survey to induce them to respond. The professionals working in the built environment (developers cum estate valuers) and people who use the services (service users) were surveyed for this study. They were all given a rundown of the objectives of the investigation as well as the rationale behind their selection. Due to their participation in this study, they were in no way misled or subjected to any kind of stress that may affect the information provided. Respondents were also assured that they would remain anonymous during the process.





6. Results and Discussion


The results of this study are presented in this section. It covers two aspects of the study. The first aspect is the background information, which includes an awareness of smart buildings in the Nigerian built environment, while the second part covers the drivers as well as the barriers to smart buildings in the Nigerian built environment. Figure 7 shows the results of the first section of this investigation.



The first section of the results is based on the background information sought from the respondents regarding (A) their awareness of smart building; (B) their awareness about smart building concepts; (C) advocacy for the development of smart building; (D) users’ willingness to pay for smart buildings when developed; (E) developers’ willingness to construct smart property; and (F) whether the transformation of conventional buildings into smart homes could have an impact on valuation methods. Figure 7 presents the findings of the background information.



Concerning the subject of awareness, the data in Figure 7A revealed that the frequency of the study’s respondents who have an awareness of smart buildings, in both the property stakeholder and service user groups, was 30, on each side. This means that there were a high number of property valuators and developers who confirmed that they were aware of the concept. On the other hand, forty-five service users and eight property stakeholders from the poll of respondents stated that they were not aware of the concept. Furthermore, there were three service users and two property stakeholders from the poll of respondents who indicated that they did not reply to the question. It may be deduced from this that most of the respondents are not familiar with the idea of smart buildings. This survey was also used to ascertain their level of awareness regarding any smart buildings that may exist in the country. According to the responses received from property valuers and developers, only six of them believed there are smart buildings in the country, while nine service users were of the opinion that there are not. Thirty-two property stakeholders and sixty respondents who are the service users stated that there are no smart buildings in Nigeria. Three of the service users were unsure if there are any smart buildings. This suggested that the majority of respondents believed there is no such thing as a smart building anywhere in the country.



In response to the question of whether or not they will support the development of smart buildings in Nigeria, six property stakeholders and thirty service users supported the notion, while fourteen property stakeholders and twelve service users did not support it. The findings indicate that only a tenth of the property valuers and developers support smart building construction. While 16 property stakeholders and 36 service users were unsure about supporting its development. While all the service users answered this question, four of the property stakeholders questioned did not react to the question on the survey. This gave the impression that the property valuers do not support the development of smart buildings. This can be attributed to the fact that they do not have adequate knowledge of smart buildings. On the other hand, real estate developers support the idea of smart buildings and are eager to design and construct them. In terms of the perspective of prospective renters’ willingness to pay rent for smart buildings, the results suggest that just three of the property stakeholders felt that prospective tenants will be prepared to pay rent for smart buildings, whereas thirty-two of those polled had a negative attitude towards this possibility. Five property stakeholders out of the respondents did not believe that renters would be willing to pay for such smart buildings. According to property valuers and developers, some of the respondents believed that potential renters will be prepared to pay higher rent for smart buildings, while other respondents said that prospective tenants will not be willing to pay the higher rent.



The response from service users showed that three property stakeholders and forty-five service users who were in support were unsure about whether or not the property valuers and developers would be prepared to establish smart buildings. While seven property stakeholders and nine service users were unsure about it, twenty-eight property stakeholders and fifteen service users made no response to this question. This indicated that many respondents on this survey did not believe that property valuers and developers were committed to the concept of smart building development. This demonstrates that real estate valuers and developers will be willing to design smart buildings and that they are interested in doing so. In conclusion, Figure 7 illustrates the findings on the influence that a slow transition from conventional buildings to smart buildings has on various valuation techniques. This indicates that the methods of valuation will not be impacted by the new technology that would be introduced into buildings, despite the fact that this technology would be introduced.



The second section of the results presents the research findings on the drivers of and barriers to smart building development. Table 4 and Table 5 shows the results obtained using agreement analysis as an analytical tool.



The results in Table 4 depict that, of all the factors tested in this study to be drivers of smart buildings that were perceived to be significant, factor D11 was perceived to be the most insignificant by property valuers and developers. This is represented with the mean values 2.89 and 2.74, respectively. The four most significant factors, as perceived by the respondents, were smart metering that reduces energy costs, surveillance cameras that provide high level security against burglary, the ability to detect faults, and the enhancement of occupant comfort and health, with mean values of 4.44, 4.40, 3.77, and 3.74, respectively. The statistical study conducted on the perceived drivers of smart building development showed that the agreement analysis in Table 4 confirmed that the factors are in good agreement with each other, which adds to the validity of the data, with the following values: RAFmax as 4.273, RAF as 2.182, DP as 51.064, and AP as 48.936, respectively. These values imply that the agreement factors for the perceived drivers investigated have a positive significance and a strong relationship with the smart building development under discussion. This study corroborates the assertion made by Robles and Kin [24] that smart homes could make life easier, convenient, and more comfortable for users including the elderly and the disabled. This study also confirms the claim of Pramanik et al. [29] that buildings with intelligent infrastructure ensure energy efficiency, reduced energy cost, increased satisfaction, comfort and productivity, and the automation of fault detection systems. However, this study shows that minimizing energy demand and energy costs is not a driver of smart buildings as it is believed that the installation of smart devices to buildings would induce additional demand for power and increased cost as more gadgets are powered with electricity. This justified the earlier findings of ETH’s Centre for Energy Policy and Economics (CEPE) and the Energie Schweiz in Switzerland [88,89]. These earlier reports stated that more equipment will be installed in the future life of buildings due to networking, thus increasing electricity demand. This also supports the studies that posit that regional migration will also lead to increased energy demand in some nations, especially in poorly planned economies [39,40].



The results in Table 5 show that all the factors tested in this study as limitations to smart building development were significant. However, property valuers and developers see “difficult to use due to its complexity and user interfaces, poor internet (ICT) infrastructure and lack of trust for technological services” as insignificant in the development of smart buildings. The four most significant factors, as shown in the overall mean, are viewing smart home technology as exclusive for the rich, the high initial construction cost of installation, poor power infrastructure, and there being no enabling environment to support the development of smart building, with mean values of 4.06, 4.03, 3.97, and 3.95, respectively. In the same vein, the statistical study conducted on the perceived barriers of smart building development showed that the agreement analysis in Table 5 confirmed that the factors are in good agreement with each other, which adds to the validity of the data, with the following values: RAFmax as 5.600, RAF as 4.400, DP as 78.571, and AP as 21.429, respectively. These values imply that the agreement factors on the limiting factors (or barriers) investigated have a positive significance and a strong relationship with the smart building development under discussion. The mean value of poor power infrastructure is a clear reflection of the state and condition of power supply in the country. Awosope [58] asserted that the supply of power was pitiable and has a serious impact on national development. Similarly, Etukudor et al. [46] asserted that the development of economic activities in Nigeria has been hindered by the poor electricity supply and opined that more effort is required to guarantee the availability, quality, and reliability of power supply. This clearly shows that the supply of power in Nigeria is grossly inadequate and unreliable. This will greatly affect the operation of smart buildings in Nigeria.



The use of statistical tools in quantitative research has also been considered as a profound method in data validation, as seen in earlier studies [79,80]. Another important statistical method applied is the importance index analysis. The importance index, II, was also computed for the data using Equation (2), to increase the understanding of the drivers and barriers of smart building development in Benin City, Nigeria. Despite the fact that smart buildings were seen as intelligent buildings as early as 1999 [90], they still have issues with acceptance and adaptability in developing nations such as Nigeria. Based on the data presented in Figure 8, it can be seen that the perceived drivers of smart building development have a maximal overall mean score of 4.03, as ranked based on their importance index. Similarly, based on the data presented in Figure 9, it can be seen that the perceived barriers of smart building development have a maximal overall mean score of 4.06, as ranked based on their importance index. Since the 5-point Likert scale was utilized, the average mean score from this study is 4, which shows an increased awareness of smart buildings in Benin City, Nigeria. This also means that the respondents all agreed with the factors for both the smart buildings’ drivers and the barriers. Based on the importance index of the drivers, the “smart metering which reduces energy cost”, “surveillance camera provides high level security against burglary”, “ability to detect fault”, “enhance occupant comfort and health”, and “alert user against fire via integrated fire alarm system” were perceived to be the five most important drivers by the property stakeholders and the service users, respectively (see Table 4). These findings are confirmed by various studies discussing the distinct features of smart buildings as well as other smart-sustainable practices that could be adopted in the Nigerian built environment [47,91,92,93,94]. Based on the importance index of the barriers, “viewing smart home technology as exclusive for the rich”, “high initial construction cost of installation”, “poor power infrastructure”, “no enabling environment”, “insecurity due to high cybercrime rate”, and “slow internet connectivity (uploading and downloading of information)” were perceived to be the six most important barriers by the property stakeholders and the service users, respectively (see Table 5).



Figure 8 depicts that, generally, the property stakeholders expressed more agreement with the questionnaire on smart building development drivers than the service users. Similarly, Figure 9 depicts that, generally, the property stakeholders expressed more agreement with the questionnaire on smart building development barriers than the service users. However, future study can be conducted by utilising other types of ranking tests such as the Wilcoxon signed-rank test. The test can be used to improve the understanding of the significant difference between the opinions of both respondent groups for both the drivers of and barriers to smart buildings’ development in Benin City, Nigeria. The disparities between the perceptions for the drivers, as well as the barriers, are both crucial. The use of the Wilcoxon signed-rank test and the Spearman’s ranking test can help in finding out the significant differences behind the median values. Although the Wilcoxon signed-rank test is considered to be a non-parametric alternative to the t-test [75], the Spearman’s ranking test could also be used to improve the confidence level of the study. Thus, more research is also recommended to understand this trend the in development, awareness, and acceptability in developing nations.



It is important to add that the use of the importance index also helped to present some significance to the data, understand the variables, and increase the reliability of the data. The mean score used here is the average score from the two groups considered. The results in Figure 8 and Figure 9 present more understanding to Table 4 and Table 5 on the use of ‘mean’, as the research approach utilized ranking the responses based on perception. The researchers have used the mean as a basis for ranking those variables in a scientific order of numbering to understand the perceptions of smart buildings. Thus, the highest number is ranked first, while the lowest number is ranked as the least. Some of their responses were not very high based on the awareness of smart buildings in Benin City of Nigeria. By looking at the responses directly, it shows that some of the respondents had very little knowledge of smart buildings, while most had a knowledge of smart buildings. Furthermore, due to the power demand for running smart buildings, it was observed that power is a limiting factor to smart building development in Benin City. This area is also known to have an unsteady supply of electricity (or similar energy source from the power grids). In addition, there is the challenge of the high cost of internet, thus creating the issue of affordability. Another issue is the poor internet coverage to cater for the basic needs of citizens, such as internet communication, checking emails, online shopping, online dating, social networking, online job search, and browsing. As such, these are crucial conditions necessary to implement any of the mentioned kinds of smart building requirements.



Although Benin City is a fast-developing city in Nigeria, its high population could benefit from the development of smart buildings. It is also considered as a nerve centre within the middle belt region of Nigeria where a lot of ICT hubs are currently being introduced. However, the cost of innovation in this situation and the condition of the urban substances is impossible or at least difficult to calculate in this study area. Therefore, the questions around profits of the mentioned solutions can be difficult to assess for the respondents as well. As the researchers ranked their perceptions of smart buildings, this helped to statistically understand the awareness level of the respondents. As such, it does not literally mean that more people are not aware of what smart buildings mean based on the hypothetical answers or the responses given. Thus, ranking has been found to be useful in finding the significance of the results of the responses obtained.




7. Conclusions and Recommendations


This study assesses the acceptability of smart buildings by property valuers, estate developers, and service users as a future built environment in Nigeria. This study shows that the overall awareness of smart buildings is still very low in Benin City. This study also identified smart metering which reduces energy costs, surveillance cameras which provide high level security against burglary, and the ability to detect faults as the three most important factors that would drive the development of smart buildings in the country. This study further revealed that smart building technology being seen as exclusively for the rich and the high initial construction cost of installation in Nigerian society are considered as limiting factors to it development. The poor power infrastructure in the country was also considered as one of the key factors that would limit the acceptability of the development of smart buildings. In addition, there are economic and policy measures that have been envisaged to improve the situation described in this paper, as well as the interventions on energy production, steady electricity supply, renewable energy sources, and reliable internet connection, which are necessary for smart buildings in Nigeria.



Using a case study of Benin City, a 159-person structured questionnaire was administered with 108 responses retrieved and valid for analysis. The information sourced from the respondents includes smart building awareness, support for, drivers to, and limitations of its implementation, the willingness to develop smart buildings, and the willingness to pay proportionate rent to occupy smart properties. The findings showed that the poll of respondents for the property valuers and the real estate developers, as well as the service users, claimed to be aware of the concept, and they also support its development in the country. The drivers and limitations were ranked based on their perceived level of significance. This study does reflect the importance of the service users in understanding the infrastructural developments in the Nigerian built environment. Further study is suggested using feedback information about the service users of buildings and their social groups to understand their perceptions of smart buildings, as it would be useful to include some information on the higher conversion costs for existing buildings and the higher costs for new buildings, in the future. One limitation found for the implementation of smart buildings in Nigeria is the lack of a steady electricity supply in Nigeria. Moreover, using the predicted load demands, which is a summation of the energy demand from commercial, residential, and industrial buildings, it was found that there is a need for stable electricity supply or the adoption of other renewable energy sources, which will ensure the sustainable development of smart buildings in Nigeria. On a general note, there are economic and policy measures which could be envisaged to improve the situation described in this paper, as well as the interventions on energy production and internet connection. These measures include providing stable power supply, providing more investment opportunities for SMEs (small and medium scale enterprises), energy investors, ICT investors, collaborations with ICT multi-national companies, enhancing IT skill developments, and providing renewable energy sources in Nigeria and training platforms for energy production, as well as internet connections. Since reducing energy costs is the first perceived driver of smart building development, it is recommended that future studies should discuss further the advanced control technologies aiming to reduce energy costs, such as using mixed-mode ventilation or optimizing HVAC system control through AI technologies. This could be important since reducing cost is the first perceived driver in Table 3.



Based on these findings, it is recommended that a concerted effort should be made to raise the awareness level of property valuers, developers, and users of buildings through their various networks to accelerate acceptance of smart building development as the word is gradually moving to the technological environment and to prepare the property valuers professionally for its management beforehand. Secondly, there should be a concerted effort on the part of the Nigerian government to improve energy generation and supply, and the proper and adequate metering of buildings in the country, even though it is believed that smart building technology would be seen as exclusively for the rich. Thirdly, this study recommends the promotion of awareness to accelerate its acceptance and implementation. This will help propagate the process of creating a smart city in developing nations such as Nigeria and prepare property valuers professionally for its management. Since the scope of this paper was limited, the stakeholders consulted for this study were the property stakeholders alone, while the other group were the service users. However, the stakeholders in the Nigeria built environment are more inclusive, so there is room to consult other stakeholders. It is recommended to conduct a review of stakeholders’ propositions, e.g., cost, infrastructure requirements, regulation and coding requirements, implementation programs, maintenance, etc. Furthermore, there should be policies on energy measurement, energy distribution, and the use of renewable energy to reduce electric bills. There is the need to adapt new smart metering systems in Nigerian residential homes and office buildings to display the energy consumption and energy savings made.



Future research is required for the implementation of smart systems for the supply of energy in Nigeria, and for the adaptation of smart technologies in various buildings in Nigeria. While the Nigeria built environment is developing, there are issues of the enforcement of National Building Code (NBC) in Nigeria. We recommend that it is reviewed with provisions for Smart Buildings. Furthermore, future study should investigate the issues with the existing (or conventional) building control systems in Nigeria, as well as another study to identify the potential of the implementation of smart buildings to resolve these issues. To add recommendations made from this study to current policies, the role of factor mobility should be considered as one of the key points in the policy debate. Thus, a further assessment of these identified factors can be examined in future studies through a comparative assessment of developed and developing nations.
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Figure 1. Elements that could optimize the operation of smart building technology. (Image was used as seen online. Publisher: MappedIn. Copyright Year: 2020. Source: [27]). 






Figure 1. Elements that could optimize the operation of smart building technology. (Image was used as seen online. Publisher: MappedIn. Copyright Year: 2020. Source: [27]).



[image: Buildings 13 01620 g001]







[image: Buildings 13 01620 g002 550] 





Figure 2. Timeline of the evolution of smart homes and smart devices (Author gave permission to use this image. Publisher: IntechOpen. Copyright year: 2021. Source: [31]). 
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Figure 3. Conceptual framework adopted for the study. 
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Figure 4. Schematic of some components of a smart city (Permission was obtained to use this image. Publisher: Elsevier. Copyright year: 2020. Source: [45]). 
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Figure 5. Typical vector image of built environment that incorporates smart building technologies and systems. The pink icons show different systems ranging from WiFi, email, online chat rooms, social media, taxi booking, car parking, helipad control room, CCTV monitoring, and cloud storages. (Image is used with permission for reuse. Publisher: Freepik, License Type: Free User License, Copyright: 2023. Source: https://www.freepik.com/vectors/smart-building accessed on 1 May 2023). 
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Figure 6. Map of the study area in Benin City, Edo State, Nigeria. 
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Figure 7. Respondents’ opinions to questions about smart building awareness and acceptability, regarding (A) their awareness of smart building; (B) their awareness about smart building concepts; (C) advocacy for the development of smart building; (D) users’ willingness to pay for smart buildings when developed; (E) developers’ willingness to construct smart property; and (F) whether the transformation of conventional buildings into smart homes could have an impact on valuation methods. 
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Figure 8. Perceived drivers of smart building development ranked based on their importance index. 
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Figure 9. Perceived barriers of smart building development ranked based on their importance index. 
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Table 1. Total Predicted Load Demand for power infrastructure and electricity in Nigeria, as summarized for residential, commercial, and industrial buildings (2011–2030).
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	Year
	Predicted Load

Demand (MW)
	Year
	Predicted Load

Demand (MW)





	2011
	13,905.80
	2021
	17,054.43



	2012
	14,023.40
	2022
	17,334.61



	2013
	14,812.99
	2023
	17,614.79



	2014
	15,093.17
	2024
	17,894.97



	2015
	15,373.35
	2025
	18,175.15



	2016
	15,653.53
	2026
	18,455.33



	2017
	15,933.71
	2027
	18,735.51



	2018
	16,213.89
	2028
	19,015.69



	2019
	16,494.07
	2029
	19,295.87



	2020
	16,774.25
	2030
	19,576.05







Note: The data are predicted data on the load demand for electricity in Nigeria. (Sources: [50,51]).
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Table 2. Power infrastructure and electricity in Nigeria before 2013′s privatization.
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	Category
	Units
	Available
	Demand
	Difference





	Generation Capacity
	MW
	3600.0
	10,000.0
	6400.0



	Transmission Capacity
	MVA
	5838.0
	9340.0
	3502.0



	Distribution Capacity
	MVA
	8425.0
	15,165.0
	6740.0







Note: Data was computed in 2010–2013; last accessed in 6th May, 2023. (Sources: [50,53]).
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Table 3. The data on power trend of power infrastructure and electricity in Nigeria from 2013 to 2022 showing the available power generation capacity, the utilized generation, and total capacity loss.






Table 3. The data on power trend of power infrastructure and electricity in Nigeria from 2013 to 2022 showing the available power generation capacity, the utilized generation, and total capacity loss.





	Year
	Average Generation Capacity (MW)
	Average Utilised Generation (MW)
	Total Capacity Loss

(₦)





	2013
	4214.32
	3183.51
	*NA



	2014
	6154.05
	3419.10
	*NA



	2015
	6616.28
	3606.05
	214.93bn



	2016
	7039.96
	3212.02
	273.32bn



	2017
	6871.26
	3599.33
	236.47bn



	2018
	7506.23
	3807.22
	264.08bn



	2019
	7381.67
	3782.00
	256.97bn



	2020
	7792.51
	4050.07
	266.10bn



	2021
	6336.52
	4118.98
	159.86bn



	2022
	5346.82
	3940.54
	132.19bn







Note: Data is based on the currency exchange market for 2022/2023 at $1 = ₦530. bn—billion. *NA—Not Available. Data Timeline: 2013–2022 (Sources: [54,55,56,57]).
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Table 4. Perceived drivers of smart building development.






Table 4. Perceived drivers of smart building development.





	
Code

	
Drivers

	
Property Valuers and Estate Developers

	
Service Users

	
Overall

	
Ri

	
(Ri1−Ri2)

	
/Ri1−Rj2/




	
Mean

	
Rank

	
Mean

	
Rank

	
Mean

	
Rank




	
Ri1

	
Ri2






	
D1

	
Smart metering which reduces energy cost

	
4.44

	
1st

	
3.62

	
2nd

	
4.03

	
1st

	
3

	
1

	
8




	
D2

	
Surveillance camera provides high level security against burglary

	
4.40

	
2nd

	
3.62

	
2nd

	
4.01

	
2nd

	
4

	
0

	
7




	
D3

	
Ability to detect fault

	
4.26

	
4th

	
3.27

	
8th

	
3.77

	
3rd

	
12

	
4

	
1




	
D4

	
Enhance occupant comfort and health

	
4.05

	
5th

	
3.42

	
6th

	
3.74

	
4th

	
11

	
1

	
0




	
D5

	
Alert user against fire via integrated fire alarm system

	
3.70

	
5th

	
3.73

	
1st

	
3.72

	
5th

	
6

	
4

	
5




	
D6

	
Automatic control of heating, ventilation, and air-conditioning the room

	
3.90

	
6th

	
3.50

	
4th

	
3.70

	
6th

	
10

	
2

	
1




	
D7

	
Automatic control of lighting systems

	
4.37

	
3rd

	
2.96

	
9th

	
3.67

	
7th

	
12

	
6

	
1




	
D8

	
Help to increase job opportunities

	
3.80

	
7th

	
3.50

	
4th

	
3.65

	
8th

	
11

	
3

	
0




	
D9

	
Opening and closing of window and doors

	
3.60

	
9th

	
3.31

	
7th

	
3.45

	
9th

	
16

	
2

	
5




	
D10

	
Help other industries to benefit from new opportunities

	
3.27

	
10th

	
2.96

	
9th

	
3.12

	
10th

	
19

	
1

	
8




	
D11

	
Minimizes energy demand and energy costs

	
2.89

	
11th

	
2.59

	
11th

	
2.74

	
11th

	
22

	
0

	
11




	

	
Rj2

	
11

	
24

	
47








RAFmax = 4.272727273. RAF = 2.181818182. DP = 51.06382979. AP = 48.93617021.
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Table 5. Perceived barriers to smart building development.






Table 5. Perceived barriers to smart building development.





	
Code

	
Barriers

	
Property Valuers and Estate Developers

	
Service Users

	
Overall

	
Ri

	
(Ri1−Ri2)

	
/Ri1−Rj2/




	
Mean

	
Rank

	
Mean

	
Rank

	
Mean

	
Rank




	
Ri1

	
Ri2






	
L1

	
Seeing smart home technology as exclusive for the rich

	
4.27

	
6th

	
3.85

	
1st

	
4.06

	
1st

	
7

	
5

	
9




	
L2

	
High initial construction cost of installation

	
4.67

	
1st

	
3.38

	
3rd

	
4.03

	
2nd

	
4

	
2

	
12




	
L3

	
Poor power infrastructure

	
4.63

	
2nd

	
3.31

	
6th

	
3.97

	
3rd

	
8

	
4

	
8




	
L4

	
No enabling environment

	
4.44

	
5th

	
3.46

	
2nd

	
3.95

	
4th

	
7

	
3

	
9




	
L5

	
Insecurity due to high cybercrime rate

	
4.45

	
4th

	
3.15

	
10th

	
3.80

	
5th

	
14

	
6

	
2




	
L6

	
Slow internet connectivity (uploading and downloading of information)

	
4.52

	
3rd

	
3.00

	
12th

	
3.76

	
6th

	
15

	
9

	
1




	
L7

	
No market expectation for smart buildings at present

	
4.24

	
7th

	
3.23

	
9th

	
3.74

	
7th

	
16

	
2

	
0




	
L8

	
Cost of retrofitting/developing a new one

	
4.14

	
8th

	
3.28

	
8th

	
3.71

	
8th

	
16

	
0

	
0




	
L9

	
Lack of technical know-how

	
4.03

	
9th

	
3.38

	
3rd

	
3.71

	
8th

	
12

	
6

	
4




	
L10

	
More energy usage due to increased number of installed devices and appliances

	
3.75

	
14th

	
3.38

	
3rd

	
3.57

	
10th

	
17

	
11

	
1




	
L11

	
Lack of trust for data protection (losing one’s privacy)

	
3.75

	
13th

	
3.31

	
6th

	
3.53

	
11th

	
19

	
7

	
3




	
L12

	
Viewing smart home technology as irrelevant

	
3.77

	
12th

	
3.15

	
10th

	
3.46

	
12th

	
22

	
2

	
6




	
L13

	
Difficult to use due to its complexity and user interfaces

	
3.90

	
10th

	
2.88

	
15th

	
3.39

	
13th

	
25

	
5

	
9




	
L14

	
Poor internet (ICT) infrastructure

	
3.83

	
11th

	
2.92

	
13th

	
3.38

	
14th

	
24

	
2

	
8




	
L15

	
Lack of trust in technological services

	
3.33

	
15th

	
2.92

	
13th

	
3.13

	
15th

	
28

	
2

	
12




	

	
Rj2

	
16

	
66

	
84








RAFmax = 5.600. RAF = 4.400. DP = 78.57142857. AP = 21.428571.
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