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Abstract: 

Smart Buildings are currently, and will continue to be one of the most important trends in the built 

environment and construction industries. While such buildings can bring many benefits to society, 

the environment, owners, occupiers, and developers, they bring with them risks and barriers to 

adoption. The purpose of this exploratory, qualitative research project is to identify the factors, 

within the Technology Acceptance Model (TAM), that affect the growth of the Smart Buildings 

industry in the context of the Irish commercial buildings sector. Semi-structured interviews with 

some industry-leading experts in the fields of design, engineering, and facility management in 

Ireland were used as the data gathering tool. The factors that were identified as limiting the growth 

of the industry were, the usefulness of the technology, generally inadequate knowledge levels 

amongst most of the key stakeholders, inappropriate procurement models in the Irish construction 

industry, insufficient market understanding, perceived additional cost and cyber-security. 

This research project provides valuable insights to many of the stakeholders involved in the Smart 

Buildings industry in Ireland. Design consultants can gain a deeper understanding of the market 

need and facility managers’ and occupant’s concerns. System integrators will come to see the areas 

that they need to address to capitalise on market potential. All stakeholders on the other hand, will 

identify a need to increase knowledge levels. Finally, the construction industry will see a need to 

redefine its procurement models and the academic community can benefit from the insights 

provided to support future research in this ever-growing area.
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1 INTRODUCTION 

Although many of the technologies that enabled the digital revolution predate Smart Buildings, 

the term itself emerged from the USA in the 1980s and focused on the use of Building Automation 

Systems (BAS) that at their most basic, control Heating, Ventilation and Air Conditioning (HVAC) 

systems (Gobbo Jr, Souza and Gobbo, 2016). The advancement of technology exposes us to the 

word Smart on a daily basis, from smart phones to smart meters, smart cities, and of course, smart 

buildings with some level of intelligence being implied in each. Most large-scale modern buildings 

possess a large amount of intelligence in the form of technology that monitors and controls HVAC 

systems, lighting, security, Closed Circuit Television (CCTV), facades, elevators, Audio Visual (AV), 

room reservation and more. These mostly disparate systems, enabled by information technology 

(IT) networks, Internet of Things (IOT) devices, and Cloud Computing (CC) must be interconnected 

to form a system of systems to begin to realise a Smart Building. 

Businesses utilise various technologies to increase efficiency, profitability and reduce costs. 

Such technologies rely on user acceptance and confidence, without which further development 

would be jeopardised (Taherdoost, 2019). The security, complexity and cost of new technologies 

are some of the many determinant factors that can impact adoption from a personal and 

organisational perspective. Furthermore, the level and rate of adoption varies across industries and 

application, researching the topic in detail reveals the barriers but also the motivations and 

intention to use technology (To, Lee and Lam, 2018). 

This research project aims to explore the barriers, and conversely the drivers to the acceptance 

of technologies that enable Smart Buildings amongst key stakeholders in an Irish commercial 

buildings context. Such stakeholders, who represent the design consultancy, Mechanical & Electrical 

(M&E) contracting, and facilities management (FM) industries must balance several considerations 
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when deciding upon the level of technology to integrate into buildings and extent to which such 

technology is accepted (Haider and Moranis, 2019) and (Yang et al., 2021).    

The suite of technologies that constitute a Smart Building offer many benefits to various 

elements of business and society as a whole. Societally, these technologies help buildings to use less 

energy thereby benefitting the environment. Strategically, these technologies foster innovation 

which when combined with a necessity unearth previously unthought of revenue streams for many 

organisations. These COVID impacted times for example, which are accelerating digital 

transformation, have provided many organisations opportunity to capitalise on  occupant safety 

concerns (Umair et al., 2021). 

The perceived risks and potential benefits associated with smart building technologies in this 

digital age must be balanced by stakeholders before deciding on the level of deployment. In today’s 

world, privacy and data protection for example, are extremely sensitive topics, so much so they are 

protected by laws like the European Good Data Protection Regulation (GDPR) (What is GDPR, the 

EU’s new data protection law?, 2018). Smart Building technologies though, have the ability to track 

and log personal location, facial recognition, health information, lifestyle choices and more, thus 

raising concerns about how sensitive data is collected and handled (McCreary, Zafiroglu and 

Patterson, 2016). While data protection is a significant risk to be considered, it is certainly not the 

only one; reliability, cyber security, vendor lock-in and data analytic capabilities are just some of the 

others.  

While forecasts can vary widely, the global Smart Buildings market is expected to continue to 

grow into the future, with some analysts anticipating an increase from an estimated US$63 Billion 

in 2020 to a projected US$115.5 Billion in 2026. Machine Learning (ML) and Artificial Intelligence 

(AI) are thought to be the driving forces behind such growth (PR Newswire, 2022) and revenue 
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opportunities for buildings. While this expected growth and evolution will present a different set of 

social and ethical risks along with technological benefits (Farzaneh et al., 2021), the need for balance 

will remain and will perhaps become more important. 

Smart Buildings will continue to offer revenue creation opportunities for organisations 

concerned with the various elements of the industry. The energy saving capabilities of such buildings 

have a commercial dimension for consumers and providers alike (Alduailij et al., 2021), especially in 

the face of increasing energy prices. It is important though given the ensuing climate crisis, not to 

lose sight of the benefits to the environment that accompany those energy saving capabilities.   

1.1 Smart Buildings 

Several researchers (Brooks, 2012; Clements-Croome, 2011; Niezabitowska and Winnicka-

Jaslowska, 2011) to name but a few, have addressed the topic of Intelligent Buildings with general 

agreement that such buildings focus on the intelligence of the various control sub-systems like BMS, 

lighting and security etc.  

 

Figure 1: Disparate Building Sub-Systems (Sinopoli, 2010) 
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Smart Buildings interconnect these sub-systems into what has been termed   a “System of Systems” 

(‘IoTSF-Smart-Buildings-White-Paper-PDF-1.pdf’, 2019) that can offer many benefits.  

 

Figure 2: “System of Systems” (IoT Analytics, 2019)  

Smart Buildings are so much more than intelligent in that they are self-aware and can respond to 

real-time demand changes thereby increasing innovation in Smart Electricity Grids (Kiliccote, Piette 

and Ghatikar, 2011). As a relatively new concept, Smart Buildings have only recently drawn the 

attention of researchers and industry (Chamoso et al., 2018). While there is an increasing amount 

of literature that focuses on the concept, there is no consensus regarding the definition of a Smart 

Building (Omar, 2018). This research will utilise the widely accepted definition put forward by the 

highly respected (Buckman, Mayfield and B.M. Beck, 2014). 

“Smart Buildings are buildings which integrate and account for intelligence, enterprise, 

control and materials and construction as an entire building system with adaptability, not 

reactivity, at the core, in order to meet the drivers for building progression; energy and 

efficiency, longevity, and comfort and satisfaction. The increased amount of information 
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available from this wider range of sources will allow these systems to become adaptable, and 

enable a Smart Building to prepare itself for context and change over all timescales.” 

 

Figure 3: Integrated Building Sub-Systems (Sinopoli, 2010) 

A truly Smart Building is comprised of three layers; integrated intelligent sub-systems, Internet of 

Things (IoT) connectivity and CC data presentation, storage, and analytics. The bottom layer is made 

up of HVAC, lighting, elevator, access control, fire alarm, security systems, and more. 

The middle layer consists of Internet of Things (IoT) enabled sensors and other measuring 

devices. A term first coined in 1999, IoT refers to the billions of objects around the world connected 

to the internet and each other collecting and sharing data (Tsourela and Nerantzaki, 2020a). 
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Although estimates can vary greatly, one market analysts report states that there were 12.3 billion 

IoT enabled devices in the world. In short, this means that, there are now more IoT than non-IoT 

enabled devices connected to the internet (‘State of IoT 2021: Number of connected IoT devices 

growing 9% to 12.3 billion globally, cellular IoT now surpassing 2 billion’, 2021). 

The final layer and piece of the puzzle to realising a truly Smart Building is the connection of 

the building to the Cloud. There, using CC, the data that it creates can be displayed and manipulated 

for energy saving, advanced Fault Detection and Diagnostics (FDD), Smart Grid integration purposes 

and more. 

 

Figure 4: Holistic Representation of a Smart Building 

Buildings are the largest consumers of energy in modern day life. In the EU for example, they 

constitute around 40% of the total usage and 36% of greenhouse gas emissions (European 

Commission, 2021). Smart buildings can benefit the environment by realising energy savings in the 

region of between 30 and 50% in existing buildings (King, 2017) leading to reduced running costs. 

Given the Irish government’s commitment to reduce carbon emissions by 45% in 2030 and the 
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target of carbon neutrality by 2050 (Climate Action and Low Carbon Development (Amendment) Bill 

2021, 2021), it is important to significantly increase the stock of Smart Budlings in the country. 

Given all the benefits that a truly smart building can offer, it is therefore surprising that the 

growth of Smart Buildings is quite sluggish. North America is a leader in the field with 40% of the 

install base being Smart Buildings. The Asia Pacific Region on the other hand, which is growing in 

this area, lags behind and is expected to reach 33% by 2025, by which time Europe is forecasted to 

have only reached 24% (Nipitvittaya, 2017). Research for the current study has shown that are no 

figures available for Ireland. 

1.2 Research Question and Objective 

It is widely accepted that the adoption of new technologies is fundamental to the realisation 

of Smart Buildings (Jia et al., 2019). The objective of this research study is to identify and evaluate 

the factors that affect the adoption of Smart Buildings technologies in Irish commercial buildings 

thereby limiting the growth of the industry. In order to achieve this, the research will consider the 

following research question: What are the factors that most affect the adoption of Smart Buildings 

technologies in Irish commercial buildings? 

Using descriptive processes, this research will establish and analyse the determinant factors 

contextualised by the Technology Acceptance Model (TAM) put forward by Fred Davis in 1989. For 

the purposes of this research, the major constructs of Perceived Usefulness (PU) and Perceived Ease 

of Use (PEOU), which are the main factors that influence attitude (Davis, 1989) according to the 

model, will be supplemented with external variables. 

• Perceived difficulty in sub-system integration 

The mostly disparate sub-systems of fire alarm, security system, CCTV (Closed Circuit 

Television), elevators and BMS (Building Management System), that together make an 
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intelligent building must be integrated to each other and the Cloud to make a Smart Building. 

These subsystems, however, communicate over generally different protocols which 

designers, managers and vendors may have difficulty in understanding and/or integrating. 

• Perceived difficulty in data interpretation. 

Smart Buildings produce large volumes of complex data. Such data must be analysed and 

presented in a usable format for it to be of use. Data analysis, however, is a specialist task 

and is generally beyond the capabilities of most building designers, engineers, owners, and 

operators. 

• Lack of Understanding of the Market Need. 

Exploring the applications of Smart Buildings further could go as far as occupant location 

tracking or soap dispenser fill notifications. But does the market actually want or need such 

applications? 

• Construction Industry Procurement Models. 

Even though they are intrinsically linked, building sub-systems are divided and delivered 

under separate construction contracts. This fragmented procurement model is a limiting 

factor to the growth of the Smart Buildings stock in Ireland. 

 To aid the research, the following sub questions will be asked: 

• Does the Perceived Usefulness of the technology affect the level of acceptance? 

• Does the Perceived Ease of Use affect the level of acceptance of the technology? 

• Do the external factors affect the level of acceptance of the technology? 

• How can the external factors be addressed so as to increase the level of acceptance? 
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1.3 Research Scope and Limitations 

The scope of this research is to establish the factors that are affecting the adoption of Smart 

Buildings technologies limiting the growth of the industry in an Irish commercial buildings context. 

All Smart Buildings technologies and deployment models in the commercial buildings sector in the 

Republic of Ireland will be considered. The study will be of benefit to researchers, design 

consultants, vendors, system integrators, M&E contractors, FM companies, and government 

departments alike. 

Other building types and sectors (pharmaceutical, manufacturing, industrial, domestic etc.) 

are as such, outside of the scope of this research. Likewise, the research is limited to commercial 

buildings in the Republic of Ireland. Interview participants therefore have a direct experience and 

knowledge of Irish commercial Smart Buildings.   

1.4 Dissertation Layout 

This dissertation presents the findings of a descriptive research project into the barriers 

affecting the adoption of Smart Buildings technologies in Irish commercial buildings. The first 

chapter has already introduced the topic, explained the concept of Smart Buildings, stated the 

research question, and outlined the research scope and context. The following chapter will present 

a review of the available literature relevant to the research objective. The third chapter, using 

Saunders, Lewis and Thornhill’s (2019) research onion as a basis, details the research methodology 

and focuses on the philosophy, approach, strategy, research choice, sample, time horizon, data 

collection, ethics and analysis.  The data and accompanying significant findings and themes revealed 

as part of the research will be presented and analysed in the fourth chapter, whereas that data and 

findings will be interpreted in greater detail in the fifth chapter.  Finally, the sixth chapter will 
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summarise the findings from the research and constructively analyse them in the areas that the 

research attempts to address.  
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2 LITERATURE REVIEW 

The literature review is essential in order for the researcher to be able to improve and 

demonstrate knowledge and understanding of the chosen topic (Saunders, Lewis and Thornhill, 

2019). Furthermore, the literature review is necessary to provide the context and theoretical 

framework upon which the research project is based. Indeed, this chapter of the present 

dissertation will fulfil these purposes by examining the available literature and thereafter, in a 

structured approach, presenting the main premises. In doing so, the results and conclusion of the 

present research will be more adequately related to the existing knowledge. 

The literature review for the present research project was structured and availed of several 

databases such as ABI/Inform Complete, Business Source Complete, ProQuest Central Business, 

Computer and Applied Sciences and more, all of which were accessed through Dublin Business 

School’s eLibrary. Further searches were conducted utilising Google Scholar with the search terms 

in all cases recorded in the research diary, an excerpt of which can be seen in Appendix A. These 

searches established a range of different types of sources including academic and professional 

journals and books as valuable sources of information. 

At its most basic, a literature review can be described as a method of collecting and arranging 

previous research. The findings and perspectives arising from a well conducted literature review can 

answer the research question (Snyder, 2019), which this research will strive to do by providing a 

structured analysis of the available literature.  

The objective of this research project is to establish the factors affecting the adoption of Smart 

Buildings technologies in the context of the Irish commercial buildings sector. This literature review 

will present the current knowledge in this regard with the conclusion demonstrating this research’s 
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value as an addition to the existing literature and future research on Smart Buildings technology 

adoption and market growth in Ireland. 

2.1 Technology Adoption Theories 

It is widely accepted that technology has a pivotal role in growing competitiveness and 

productivity at company and country levels, although these benefits can only be realised when the 

technology is widely accepted and used (Oliveira and Martins, 2011). Additionally, user acceptance 

and confidence in any technology are both fundamental to further development and innovation in 

the area. The following section of this literature review will consider the various technology 

acceptance theories applicable to Smart Buildings. 

Technology adoption has been defined as “the first use or acceptance of a new technology or 

new product” (Gangwar, Date and Raoot, 2014). That study attempted to integrate two key 

technology acceptance theories for company level adoption. There are a number of technology 

acceptance theories, (Hashim, Hassan and Hashim, 2015) reviewed a series of these in the fields of 

business, end users and IT. Their findings rank the four most popular theories on the basis of use 

frequency as follows: 

1. Technology Acceptance Model (TAM) (Davis, 1989) 

2. Technology-Organisation-Environment (TOE) (Tornatzky, Fleischer and Chakrabarti, 1990) 

3. Diffusion of Innovation (DOI) (Rogers, 1995) 

4. Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003) 

(Hashim, Hassan and Hashim, 2015) reviewed 81 articles in the field of CC which, as a key component 

of Smart Buildings technology, is relevant to this research. 25 of those 81 articles were deemed 

valid, the review if which established the TAM and TOE models to be most frequently used with DOI 

and UTAUT proving to be the least popular of the theories. By comparison, (Bayramusta and Nasir, 
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2016) reviewed 45 papers and (El-Gazaar, 2014) examined 51 papers both on the same topic of CC 

adoption. It is not possible to definitively explain the disparities in the reviewed papers, however 

what is clear as the common theme throughout, is the deployment of a combination of theoretical 

viewpoints to gain greater understanding of technology adoption. 

The UTAUT model is infrequently used as a tool in the field of understanding technology 

acceptance (Oliveira and Martins, 2011), therefore, in the context of this research, the DOI, TOE and 

most importantly the TAM will be analysed further. 

2.1.1 DOI 

The DOI theory describes factors that drive adoption of innovations. According to Rogers 

(Rogers, 1995) innovativeness is related to individual, internal and external characteristics of an 

organisation.  Furthermore, “relative advantage”, “compatibility”, “trialability”, “observability”, and 

“complexity” were identified as the main adoption influencing factors. 

 

Figure 5: Diffusion of Innovations (Rogers, 1995) 
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(Agarwal and Prasad, 1998) in their study of acceptance of IT, utilised the DOI theory and showed 

that technical compatibility, relative advantage, and technical complexity are the most important 

factors leading to the adoption of innovations. Other studies in the area of Green IS, under which 

Smart Buildings technologies can be classified (Nedbal and Wetzlinger, 2012), are aligned with the 

previous research, although they observed that relative advantage is not easily applied to a Green 

IS solution. 

 (Fichman, 2001) asserted that business which persistently ignore new technologies risk 

becoming increasingly uncompetitive. While that paper critiques Rogers’ DOI model, it also admits 

it is the closest to a single theory of innovation. Additionally, Fichman credits the model as having 

been hugely significant in shaping basic concepts, terminology and scope of the field, but it does not 

apply equally well to all types of innovations and adoptions.   

Similarly, further research into IT adoption in a business context by (Oliveira and Martins, 

2011) established that IT adoption offers businesses greater competitive advantages. Their more 

favourable review of DOI described it as the how, why and at what rate new and ideas and 

technologies spread. 

Further critiquing of the DOI and other early diffusion models (Cavusoglu et al., 2010) aligned 

with the two segment model and the two groups of adopters that underpin the these diffusion 

models. (Cavusoglu et al., 2010) asserted that these diffusion models only consider the positive 

influence exerted on prospective adopters and fail to address the negative influence of some 

members of society who intend to inhibit adoption.  
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2.1.2 TOE 

The TOE framework is a widely used theory which represents one segment of the entire 

process of technological innovations and adoption in the context of a business. (Tornatzky, Fleischer 

and Chakrabarti, 1990) explain the framework in their book titled “The Process of Technological 

Innovation”. In it, they describe the entire process of innovation from development by 

entrepreneurs and engineers to adoption and implementation by users, all in a business context. 

The framework is an organisation-level model which explains that three different elements in 

technological, organisational, and environmental contexts all influence technological innovation. 

 

Figure 6: The TOE framework (Tornatzky, Fleischer and Chakrabarti, 1990) 

The three contexts of technology, organisation, and environment align the TOE framework with the 

DOI model. The previously alluded to DOI predictors of adoption, individual leader characteristics 

and internal characteristics of organisational structure are said to be comparable to organisational 

context of the TOE. Similarly, the external characteristics of the organisation under the DOI can be 

related to the TOE’s environmental element (Baker, 2012). 
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The TOE framework is favoured amongst researchers for its ability to explain barriers and 

drivers to technological adoption in a business context (Oliveira and Martins, 2011). It has been used 

to explain adoption in e-business, open systems, general IS applications, healthcare, retail, financial 

services and with particular relevance to this research, Smart Buildings. (Zhu and Kraemer, 2005), 

(Chau and Tam, 1997), (Thong, 1999), (Zhu, Kraemer and Xu, 2005), (Linthea Lawrence and Jokonya, 

2020). The the flexibility it allows in choosing the factors to include under the technology, 

organisation and environment contexts (Baker, 2012) is deemed to be framework’s main strength. 

This flexibility has allowed it to be applied in a wide and diverse range of technological, industrial, 

and cultural contexts. 

While application of the TOE framework in the context of Smart Buildings is scant, (Dewi et 

al., 2018) deployed it in the related field of Smart Cities. In that research paper, the flexibility and 

generic nature of the model is declared as a determining factor in its use. According to (Dedrick and 

Zheng, 2011) in their study of Smart Grid adoption, the variation in organisational factors affecting 

adoption was raised as an issue, although the model was deemed as useful. 

Criticism of the framework is yet again posited by (Gangwar, Date and Raoot, 2014) and their 

assertion that it does not represent an integrated conceptual framework or a well-developed 

theory, hence the requirement for a more robust model. Additionally, there has been little 

development in the context of adding new constructs to the framework due to its generic nature 

(Baker, 2012). It is this researcher’s opinion that such criticism is justified based on the 

aforementioned flexibility. The outcome being a generic framework to which any variety of factors 

can be attached thereby diminishing the robustness and accuracy of the predictions.  
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2.1.3 TAM 

Fred Davis put forward his TAM in 1989 and based it on expectancy-value theory and the 

theory of reasoned action (TRA) both of which can be found in psychology literature (Davis, 1989). 

It is used to describe the acceptance and use of technology as major determinants of the attitudes 

and use behaviour. While the key constructs of Perceived Usefulness (PU) and Perceived Ease of 

Use (PEOU) are specified as the main factors impacting attitude in the model, these external 

variables influence intention and attitude indirectly through perceived usefulness and ease of use. 

A key element of TAM is behavioural intent (BI) which leads to use of the technology system. 

(Bradley, 2012). 

 

Figure 7: TAM (Davis, 1989) 

Research has shown that TAM has been proven to be a very useful model for understanding 

user adoption of technology and for establishing the acceptance of new and developing 

technologies by end-users from different organisational backgrounds. It is often considered to be 

the most widely used and influential model in IS research. The model’s flexibility to be extended and 

modified to consider other relevant factors makes it a hugely robust framework (Alomary and 

Woollard, 2015). Unlike the TRA, the TAM does not include subjective norms (Davis, 1989) and has 
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caused some researchers to criticise the model for failing to account for social influence, although 

(Malhotra and Galletta, 1999) assert that social influence is not directly related to BI. Some 

researchers have advocated integrating theoretical models with others so as to satisfy their own 

objectives. (Gangwar, Date and Raoot, 2014) display such an appetite for integration by displaying 

an analysis of each model’s individual weaknesses, which are both deemed to possess limited 

powers of prediction. Further, TAM’s two main constructs of PU and PEU are deemed to be limited 

to individuals and lack the flexibility to explore technology adoption in the context of a firm 

(Gangwar, Date and Raoot, 2014). However, relevant to this paper, it is the researcher’s opinion 

that the main constructs can easily be added to with external variables thereby expanding its 

flexibility.  

As with all theoretical models TAM has its proponents along with its critics. (Legris, Ingham 

and Collerette, 2003) for example consider it to be a highly reliable and robust predictive model that 

can be deployed in many contexts. Moreover, it represents a significant theoretical contribution to 

understanding usage and acceptance behaviours towards ICT (Malhotra and Galletta, 1999), making 

it the most significant model in its field (Alomary and Woollard, 2015). 

The TAM model has been widely used extensively validated, furthermore researchers find it 

difficult to ignore its usefulness, parsimony, and generalisability (Bradley, 2012). It is this 

researcher’s opinion that these traits and the aforementioned flexibility allowing the inclusion of 

external variables make it applicable to this research project. The TAM has been extended in the 

form of TAM2 and TAM3 since its initial release. This researcher however, deemed the added 

dimensionality of social influences, subjective norms, computer anxiety and playfulness to be of 

little value in the context of this research (Alomary and Woollard, 2015).  With regard to the aims 

and objectives of this research project, the TAM will be utilised to understand the factors limiting 

the acceptance of Smart Buildings technologies and the resultant growth of the industry. The 
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external variables of the level of understanding of the technology, ability to interpret the building’s 

data, and ability to understand the market need have been added for this research project. Research 

to understand the factors affecting uptake of this technology in the Commercial Buildings sector has 

not yet been carried out in an Irish context. 

 

Figure 8: TAM (Davis, 1989), expanded to include External Variables 

2.2 Dominant Technologies Fuelling Smart Buildings 

2.2.1 IOT Devices 

The term Internet of Things (IOT) was fist coined in 1999 by Kevin Ashton in a presentation 

to Proctor & Gamble (P&G) (Tsourela and Nerantzaki, 2020b), It can be defined as an open network 

of intelligent objects connected to the internet, all of which have the capacity to share information, 

data and resources all the while reacting to changes in environment (Goyal et al., 2018). The original 

IOT was aimed at increasing supply chain efficiencies for organisations (Atzori, Iera and Morabito, 

2011). More recently, the architecture of the IOT is such that all devices possess identifying, sensing, 

networking and processing capabilities allowing them to share information with each other over the 

internet. Simply put, IOT is an entanglement of two worlds, cyber and physical, whereby the cyber 

interacts with the physical using any number of sensors and actuators (Wu et al., 2010). IOT devices 

are a fundamental aspect of Smart Buildings and have applications in enabling and enhancing, 

energy management, indoor comfort, user localisation and navigation (Jia et al., 2019). 



28 

 

 

 

Figure 9: Components if an IOT System in a Smart Building (Jia et al., 2019) 

Looking to the future in a study of IOT (Zeng, Guo and Cheng, 2011) put forward a view that 

the internet will ultimately no longer be considered to be a network of computers. Instead, the 

paper asserts that it will be made up of billions of smart objects and smart devices, thereby growing 

exponentially in size, while offering new opportunities and challenges. That paper, however, falls 

short in addressing the context of IOT and Smart Buildings. 

 (Goyal et al., 2018) offered four main technologies that define IOT; Radio frequency 

Identification (RFID), Near Field Communication (NFC) and both Machine to Machine (MtoM) and 

Vehicle to Vehicle (VtoV) Communications. While RFID is an established technology with many 

existing applications in Smart Buildings, NFC is somewhat less well known and relies on the use of 

mobile devices for operation. Even though its relatively newfound popularity in Payment Apps is 

unquestionable, the paper fails to present a robust argument to support the claim that NFC has 

established itself as a defining IOT technology and an indoor navigation system. It is this researchers 

opinion, that the well-known security concerns about NFC technology and the reliance on mobile 

devices that  (Pasquet, Reynaud and Rosenberger, 2022) that are at the root of this failure. 

The open and interconnected nature of Smart Buildings exposes them to more risks and 

threats than conventional buildings. There any number of studies investigating the technological 
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issues surrounding IOT. Research for the present project revealed a limited amount of literature 

review studies in the context of IOT enabled Smart Buildings dedicated to exploring such threats as 

cyber security and privacy. Both of which have been identified as major challenges facing IOT 

applications (Hancke et al., 2010) (Medaglia and Serbanati, 2010). Even complicated theories can 

adequately  investigate IOT adoption (Mącik, 2017). Much prior research has focused on the design 

and usage of IOT technology in the context of business or industry. Research for the current project, 

however, shows that little effort appears to have been exerted to understand individuals’ IOT 

acceptance behaviours, especially in the context of Smart Buildings which is particularly relevant to 

the current research. 

2.2.2 Cloud Computing 

Different researchers have abstracted Smart Buildings architecture into differing numbers of 

layer models. Whether the three layer model put forward by (Ciholas et al., 2019) and preferred by 

this researcher due to its simplicity and clarity, or the (Alsuhli and Khattab, 2019) five layer model is 

accepted, the common component of each is CC. 

 

Figure 10: (Alsuhli and Khattab, 2019) Five Layer Architecture. 
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CC’s popularity as an affordable, flexible, and scalable method of managing IT resources has 

been growing since its incipience. It is these benefits that allow businesses and individuals to offload 

capital, management, maintenance, and operational costs to CC service providers, although, it is the 

flexibility to scale up and down to meet demand thereby reducing costs which is perhaps the biggest 

selling point. Owing to large number of users, interconnected systems, the sheer volume of data to 

be handled and environmental factors, there is an immense amount of computational resources 

required to operate a Smart Building. CC has proven to be a commercially viable method of satisfying 

such computational needs (Carrillo et al., 2015). In the context of a Smart Building, dynamic and 

scalable computing resources are required for applications such as web services, data processing, 

databases, and storage. Said services are available as standard in the CC domain providing it with 

an ideal deployment field in Smart Buildings management. 

There is an abundance of technical research in the field of CC and its application in the Smart 

Buildings industry across the spectrum from the adoption decision making through to 

implementation. In their review of efficient strategies for HVAC systems in Smart Buildings 

(Gholamzadehmir et al., 2020) posit that CC improves data collection and can be a virtual connection 

for external and internal environmental data. These CC benefits help to increase the accuracy of the 

control system enabling cost reductions, energy efficiency while addressing the comfort 

requirements of the occupants. 

Smart buildings create a large amount of data which is gathered by a plethora of sensors and 

meters. This data is utilised for many different purposes such as establishing baseline energy figures, 

energy consumption predictions, fault detection and diagnosis (FDD). Additional use cases for Smart 

Buildings data include generation of maintenance schedules, occupant comfort estimation of model 

simulation. CC platforms play an integral part in facilitating the analysis of such big-data by providing 

mechanisms or applications to control the flow of data but additionally to allow users access and 
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share the data. While (Lazarova-Molnar and Mohamed, 2017) discuss collaborative data analytics 

for Smart Buildings facilitated by CC, they posit that amongst other factors like deficient addressing 

of data privacy and security, a lack of data analytical education is a factor in limiting the growth of 

the industry. This position is shared by (Haider and Moranis, 2019) in their article and will be 

explored further by this researcher in fourth chapter of the present research project. 

An International Data Corporation (IDC) survey found that amongst 263 IT executives, security 

ranked as the greatest issue for CC in general (Popović and Hocenski, 2010). 

 

Figure 11: Results of the IDC Survey (Popović and Hocenski, 2010) 

Security and privacy concerns are a recurring theme throughout the literature on the more 

specific are of CC in Smart Buildings. Added to their assessment of data analytical capabilities in the 

industry (Lazarova-Molnar and Mohamed, 2017) further include enhanced addressing of 

stakeholders’ security and privacy concerns as a major benefit in addressing acceptance limitations. 

(Aliero et al., 2022) again found security and privacy to be major areas of concern in the industry. 

Their systematic review showed that the ever-growing open nature of devices, the growth in 

popularity of wearables, and integration with CC platforms all add new dimensionality to spectrum 

of vulnerabilities. 
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In their systematic review of Smart Buildings’ cyber security, (Ciholas et al., 2019) attest the 

widely accepted benefits of Smart Buildings previously discussed in the present research paper. 

Additionally, they outline that notwithstanding such benefits, Smart Buildings are exposed to a host 

of new risks and threats by virtue of the complex IT networks, wireless technologies, and CC that 

they are reliant upon. Cyber criminals are increasingly targeting CC enabled Smart Buildings systems 

as a way to compromise the integrity of businesses and other organisations by accessing sensitive 

data for nefarious purposes as evidenced by (Boyes, 2015). There is ample research on securing 

Smart Buildings (Zito, 2014) and (Lesueur et al., 2014) offer recommendations to increase the 

security levels of devices networks and CC enabled Smart Buildings in general. (Ciholas et al., 2019) 

however, in their literature review highlighted deficiencies in utilisation of Artificial Intelligence (AI) 

techniques to bolster security. Furthermore, their findings that additional assessment and accurate 

measurement of CC enabled Smart Buildings’ security, and a need for attention to be paid to 

composite vulnerabilities make this a valuable piece of research for professionals in the area. 

2.3 The Adoption of Smart Buildings 

The diverse range of building types and enabling technologies, both existing and burgeoning, 

amongst other factors combine to make Smart Buildings a highly multifactorial domain. It therefore 

stands to reason the there is an abundance of literature available dedicated to the various 

dimensions. There is scant research however, specific to Smart Buildings technology adoption in the 

commercial buildings space and no research could be found specific to the Irish context. 
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Authors Context 
Theoretical 
Framework 

Factors 

(Linthea Lawrence 
and Jokonya, 2020) 

Smart Buildings in 
Universities 

TOE 

Financial Resources, 
IT Skills, Management 
Support, Energy 
Consumption 

(Aliero et al., 2022) 
Challenges and 
Opportunities 

None 
BMS control strategies 
and security concerns 

(Hojjati and 
Khodakarami, 2016) 

Adoption of Smart 
Buildings in Iran 

TAM 
Ease of Use, 
Usefulness, Attitude, 
Intention 

(Ma, Badi and 
Jorgensen, 2016) 

Opportunities and 
Barriers for Smart 

Buildings in Denmark 
None 

Return on 
Investment, Monetary 
Risk, Pre-Integration, 
Initial Planning, 
Follow up Incentives, 
Fear of Uncertainty, 
Collaboration, 
Information 

Figure 12: Research into the Adoption of Smart Buildings technologies in Commercial Buildings 

Four studies were found to objectively address the factors that affect the adoption of Smart 

Buildings technologies in the commercial buildings space. The first of these (Linthea Lawrence and 

Jokonya, 2020) explored the factors that affect the adoption of smart buildings in universities using 

an unmodified TOE framework. The failure to consider additional dimensionality can be thought of 

as limiting and affecting the quality of the findings. The relevance of TOE to universities is also 

questionable as it was designed to examine technology acceptance in at a firm-level. The finding 

that the energy consumption variable is the most important factor in the environmental context of 

Smart Buildings adoption is unsurprising given the widely accepted benefits of the technology. The 

finding that government policy is an insignificant factor is consistent with other researchers in the 

field of general technology adoption (Gangwar, Date and Raoot, 2014) for example. However, in the 
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context of smart buildings this is somewhat misguided and at odds with the writings of (Loncour 

and D’Herdt, 2020) and (European Parliament and the Council of the European Union, 2018). 

The second study, a systematic review analysis of Smart Buildings by (Aliero et al., 2022) 

attempts  to establish the challenges and opportunities for the industry. The paper in general, and 

its findings are however too narrow, focusing only on HVAC systems and energy efficient control 

strategies whilst failing to holistically consider the concept of a Smart Building. The findings are 

further undermined as the paper does not contain sufficient theoretical information to allow an 

assessment of the robustness of the method or the validity of the findings. 

In the third study (Hojjati and Khodakarami, 2016) attempt to evaluate the factors affecting 

the acceptance of Smart Buildings in Iran using the TAM. While the methodology and theoretical 

underpinning were both sound, and the sample size deemed to be sufficient, their decision not to 

introduce any external variables significantly undermines the usefulness of the findings. The results 

that all the relationships in the model are significant is of minor value to the wider research 

community and is difficult to appraise other than to say that it is not inconsistent with other studies. 

Finally, (Ma, Badi and Jorgensen, 2016) adopted a qualitative approach with primary and 

secondary data to investigate the barriers and opportunities of construction companies in the 

Danish smart buildings market. Similar to (Aliero et al., 2022) this paper does not rely on any 

theoretical framework. While the qualitative interview methodology with industry experts in the 

Danish market provides valuable findings, the lack of theoretical information creates difficulty for 

this researcher in assessing their validity. 

2.4 The Irish Context 

There is a great deal of research into Smart Buildings with many tools, applications and 

frameworks put forward. Studies conducted by (Brennan et al., 2009), (Mcglinn, Gibney and Lewis, 
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2010) and (Havard et al., 2018) for example, all had Irish authors. None of the studies though, were 

specific to commercial buildings, Smart Buildings technology adoption, nor to the Irish context.  

Additionally (Neu et al., 2014), (Tan, 2021) researched smart homes and hotels respectively which 

again bear no relevance to the present research project. This researcher could not however, locate 

any published works on the adoption of Smart Buildings either in buildings generally or commercial 

buildings, specifically in the Irish context. 

2.5 Conclusion 

This literature review has established the extent of the published research relevant to the 

adoption of Smart Buildings specifically, but additionally the adoption of related enabling 

technologies and technology in general. Studies by (Tsourela and Nerantzaki, 2020b) and (Atzori, 

Iera and Morabito, 2011) gave insights in to the user acceptance of the IOT as an enabling 

technology with the aim of growing acceptance. (Goyal et al., 2018) on the other hand focus on 

security concerns and privacy of IOT users which are real limiting factors to growth and has 

particular relevance to the present research project. 

As another enabling technology, CC has many benefits relative to Smart Buildings which were 

explored by (Ciholas et al., 2019). Security and data privacy again present themselves as prevailing 

concerns for stakeholders in the area which were addressed by (Lazarova-Molnar and Mohamed, 

2016). 

The available research covers Smart Buildings technology acceptance, challenges and 

opportunities in Iran and Denmark but furthermore in different types of buildings not related to the 

present study. This research project seeks to extend the knowledge by examining the topic in the 

commercial buildings space in an Irish context. The accepted environmental benefits of Smart 
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Buildings and the Irish governments climate change targets for 2030 and 2050 makes this research 

project particularly relevant at this time. 

This researcher could not locate any published works on the adoption of Smart Buildings either 

in buildings generally or commercial buildings, specifically in the Irish context. This research will fill 

a gap in knowledge and through a qualitative research project will deliver deep insights into the 

adoption of Smart Buildings technologies in the commercial buildings space in the Irish context.  
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3 RESEARCH METHODOLOGY 

Research methodology is an essential part of every research project helping both the researcher 

and the audience to properly recognise the different techniques that are being deployed. This 

chapter will explore the many methodological decisions, from a practical, operational and research 

philosophy perspective, that have been made in the course of conducting this research project. The 

act of conducting research is essentially a decision making process in response to the many 

questions that arise in the process of forming the project (Saunders, Lewis and Thornhill, 2019) and 

(Fisher et al., 2007). The decisions made by the researcher in response to this array of choices and 

questions form layers of abstraction around the research objectives which must be evaluated and 

discussed. The purpose of this exercise is to reveal the various elements of the research so that the 

reader can properly understand the basis of the findings. 

The first choice required of the researcher is to decide on the research topic, which in itself is 

likely to be an iterative process consisting of another series of minor decisions. From that initial 

choice a plethora of subsequent choices and options to be decided upon will be formed to shape 

the research and determine the quality of the findings (Saunders, Lewis and Thornhill, 2019). The 

purpose of this research is to establish the barriers affecting the adoption of Smart Buildings 

technologies, thereby limiting the growth of the industry in the Irish commercial buildings space. 

(Saunders, Lewis and Thornhill, 2019) offer the “research onion” as an effective tool to explain 

to the researcher the issues underlying the choice of data collection technique and analysis 

procedure. This researcher will further utilise the onion to navigate through the decisions that 

helped form this research project. 
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Figure 13: The Research Onion (Saunders, Lewis and Thornhill, 2019) 

 Using the research onion as a basis, this researcher presents a diagrammatic representation 

of the current research. This is consistent with an acceptable framework allowing the research aims, 

objectives and context to be coherently arranged in the formation of this research project. 

 

Figure 14: This research project’s methodology 
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3.1 Philosophy 

Research Philosophy is concerned with a system of beliefs and assumptions relative to 

knowledge development and is a reflection of the researchers’ values. Understanding of one’s own 

research philosophy requires introspection and an examination of one’s beliefs. (Saunders, Lewis 

and Thornhill, 2019) identified five dominant philosophies in the outer layer of their research onion; 

Positivism, Critical Realism, Post Modernism, Pragmatism, and Interpretivism. The interpretivist 

philosophy, which is in direct opposition to positivism (Hammond and Wellington, 2020) emphasises 

a complex reality and pays the most attention to understanding the ways through which people 

experience the world. This researcher possesses the ideological orientation and requisite amount 

of empathy consistent with the interpretivist philosophy. 

Methodologically, interpretive research is generally inductive, qualitative in nature and 

utilises a small sample size (Saunders, Lewis and Thornhill, 2019), all of which is consistent with this 

research project. The purpose of such research is to create new understandings and of social 

contexts. Axiologically, interpretivism recognises the researchers’ values and beliefs and 

interpretation of the data plays an important role in the research process. 

There is no one best philosophy, or certainly “the best” philosophy for a particular research 

domain might be at odds with the researcher’s assumptions or set of beliefs (Saunders, Lewis and 

Thornhill, 2019). An interpretive approach, however, is deemed more appropriate for 

understanding business management of ICT adoption and digital systems (Basias and Pollalis, 2018) 

and IS (Williamson and Johanson, 2017). Regardless of the research domain or popularity or 

perspectives, the epistemological position of the research should be in line with the research 

objectives (Saunders, Lewis and Thornhill, 2019). The objectives of this research project are in line 

with and are achievable through this researcher’s interpretivist philosophy. 
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3.2 Approach 

Continuing the journey towards the central data collection and analysis layer of the research 

onion, this researcher considered the approach to theory development for the present research 

project. There are different approaches to theory testing or theory building, both of which have a 

fundamental effect on the design of a research project.  (Saunders, Lewis and Thornhill, 2019) posit 

the three prevailing approaches of Deductive, Inductive and Abductive. Researchers who start with 

a theory and develop a research strategy to test that theory resonate with a deductive approach. 

Alternatively, researchers who utilise an abductive approach, collect phenomenological or thematic 

explorative data to identify new or modify existing theories which are further tested through 

additional data collection. An inductive approach to research on the other hand, begins with data 

collection upon which a theory is built that is often supported by a conceptual framework. 

 

Figure 15: Approaches to Theory Development (Saunders, Lewis and Thornhill, 2019) 

Research based upon inductive paradigms is concerned with meanings constructed by individuals 

and groups and is aligned with an interpretivist philosophy (Williamson and Johanson, 2017). 
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After a literature review, and conscious of the research objectives, this researcher has opted 

to deploy an inductive approach to the present research project. Whilst mostly nonspecific in terms 

of approach, the quantity and quality of research specific to the adoption of Smart Buildings 

technologies in the commercial buildings space suggest that an inductive approach is more 

appropriate. Such an approach resonates with both the epistemological perspective of this 

researcher and the findings of the literature review. It is this researcher’s belief, owing to the 

exploratory nature of this research project and the relatively novel and scant research uptake in a 

rapidly growing domain, that the greatest value will be realised through the inductive approach. 

Inductive research is capable of extracting meaning of a phenomenon from small sample sizes 

whereas a deductive approach requires a larger sample to gain understanding and attain credibility 

(Saunders, Lewis and Thornhill, 2019).  Qualitative data is most appropriate for inductive research, 

which, combined with the suitability of theoretical frameworks (Williamson and Johanson, 2017) 

and this researchers application of TAM make this research project consistent with inductive 

research and is expected to provide rich insights from the interview participants.  

3.3 Strategy 

The researchers’ decision-making process continues throughout the life of the study. Such 

decisions must be made with the intent that the answers best address the research questions. 

Having already considered philosophical, worldview and research approach positions, the 

researcher must take further practical decisions that will impact the quality, validity and efficacy of 

the research (Saunders, Lewis and Thornhill, 2019). 

Continuing to utilise the research onion and continuing the journey to the data analysis centre, 

the next layer and first practical decision to be made by the researcher is that of which research 

strategy is most appropriately employed. A research strategy can be thought of as a plan of how the 
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researcher will answer the research question and is the bridge between the researchers philosophy 

and methodological data collection and analysis choices (Williamson and Johanson, 2017). Once the 

researcher has clearly defined the research topic, research question, aims and objectives that 

operationalise it, the choice of most appropriate research strategy is more easily made (Saunders, 

Lewis and Thornhill, 2019). 

In attempting to provide insights and understanding into the factors affecting the adoption of 

Smart Buildings technologies and thereby the growth of the industry, this research can be 

considered exploratory in purpose and the choice interviews is an appropriate strategy to achieve 

that goal (Williamson and Johanson, 2017) and (Saunders, Lewis and Thornhill, 2019). The utilisation 

of interviews is appropriate to the ICT and wider technological domains (Basias and Pollalis, 2018) 

where understanding is the goal. Given the exploratory aims of the present research project 

combined with the interpretivist philosophy of this researcher, the choice of interviews as a research 

strategy is a sound foundation upon which to build the remainder of this research project. 

3.4 Choice 

In terms of the research onion, following the selection of the research strategy is the 

methodological choice of whether to employ qualitative or quantitative methods, or a combination 

of both (Saunders, Lewis and Thornhill, 2019). At this stage of the research project the researcher 

has the option of employing a multiple-method data collection technique whereby quantitative and 

qualitative methods are combined, or mono-method which restricts the researcher to the use of 

either quantitative or qualitative methods. 



43 

 

 

 

Figure 16: Researchers’ Methodological Choice (Saunders, Lewis and Thornhill, 2019) 

As the name suggests, mono-methods research utilises either quantitative or qualitative data 

collection methods, but not both, with the aim of satisfying the research objectives. Quantitative 

research establishes relationships between variables that are measured numerically and analysed 

statistically, such data collection is achieved using questionnaires or other empirical technique 

(Saunders, Lewis and Thornhill, 2019). Qualitative research on the other hand, studies participants’ 

meanings and the relationships between them, the resultant data is non-numerical and is gathered 

using a variety of techniques, such as interviews amongst others (Saunders, Lewis and Thornhill, 

2019). 

Qualitative research is useful for theory building and is most appropriate for exploratory 

studies (Saunders, Lewis and Thornhill, 2019) and (Williamson and Johanson, 2017) especially in the 

ICT and wider technological domains (Basias and Pollalis, 2018) with smaller sample sizes. The 

combination of these characteristics makes qualitative research the most appropriate choice for 

attaining the research objectives for the present study. 
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Figure 17: Characteristics of Qualitative Research (Saunders, Lewis and Thornhill, 2019) 

 Mixed-methods research combines quantitative and qualitative methods, emphasising the 

strengths and mitigating the weaknesses of each. There is no best method to employ individually, 

nor is there any reason why a researcher should not follow a mixed-method. In practice though, 

researchers can make the methodological choice to rule out certain tools for any reason (Hammond 

and Wellington, 2020). While mixed or multi-methods may add additional dimensions to the 

research, the research context and available resources of personnel, skill and time make such 

methods incompatible with the current research project. 

The objectives of this research are to explore the factors affecting the adoption of Smart 

Buildings technologies in an Irish commercial buildings context. This researcher is of the opinion 

that, with regard to its capabilities, the research objectives are best achieved through mono-

methods qualitative research as the most appropriate and robust research choice. 

3.5 Sampling 

A sample can be considered to be a smaller number of units selected from a much larger 

population which are assumed to be representative of the greater population (Hammond and 

Wellington, 2020). Regardless of the research question and objectives, sampling is a critical element 

to be considered in the construction of qualitative research. Data is collected from a sample rather 
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than an entire population owing to the latter being impracticable either due to knowledge, access, 

contact, time, or financial constraints (Saunders and Lewis, 2017) 

The inclusion criteria used to define the research sample for the present study was decision 

makers with in-depth experience and expert knowledge of Building Automation Systems (BAS), 

Smart Buildings technologies, Facilities Management (FM), commercial buildings design, and digital 

buildings consulting. As the participants were professional contacts cultivated by the researcher 

over many years in the BAS industry, this researcher was confident that the level of expertise 

significantly enhanced the validity of the data. 

Because Smart Buildings technology is niche and participants in the industry who meet the 

inclusion criteria are limited, a non-probability sampling technique was employed for the present 

research study. Notwithstanding the inherent limitations of an inability to infer statistical meaning 

from the population that such a sampling technique possesses (Williamson and Johanson, 2017), 

this researcher is confident that the technique would not adversely affect the present research. It is 

felt that the benefits of non-probability sampling in allowing the researcher to ensure the 

participants’ knowledge and expertise will enable better addressing of the research question and 

objectives. 
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Figure 18: Sampling Techniques (Saunders, Lewis and Thornhill, 2019) 

Purposive sampling is the most frequently used non-probability sampling technique and is 

best used to select small samples for qualitative data collection. When selecting purposive sampling, 

researchers exercise their judgment in choosing participants with the requisite knowledge to help 

meet the research objectives (Saunders, Lewis and Thornhill, 2019).  

Personalised introductory information letters (See Appendix B) were sent via email to six 

identified individuals, all of whom responded and confirmed acceptance to participate although one 

of those was subsequently uncontactable, another later declined reducing the participants to four. 

The nature of the research context suggests that additional respondents would have yielded deeper 

understanding and perhaps more robust findings. Even though the sample was small, the population 

from which the participants were chosen was also small, thereby this researcher deemed the sample 

to be adequate to support the nature of the research.  (Crouch and McKenzie, 2006) further suggest 

that this number of respondents is within acceptable limits. Thus, with regard to the benefits of 
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purposive non-probability sampling and its capability of addressing the present research objectives 

it has been selected as the optimum sampling technique. 

3.6 Time Horizon 

With regard the research onion, researchers must, in the formulation of the research design 

choose an appropriate time horizon. Having already made the methodological and research strategy 

decisions, in choosing the time horizon, researchers must decide if the findings should be based on 

a snapshot of the topic taken at a particular point in time, otherwise known as a cross-sectional 

study. Alternatively, the researcher can opt for a longitudinal study whereby the findings are a 

representation of a longer time period (Saunders, Lewis and Thornhill, 2019). 

Longitudinal studies are particularly useful in studying and examining change over time and 

development of variables, offering the researcher a certain amount of control over the measured 

variables (Saunders and Lewis, 2017).  While such outcomes may be valuable, they are not relevant 

to the objectives of this research. Even though it is possible to introduce a longitudinal element into 

a research project constrained by time (Saunders, Lewis and Thornhill, 2019), this researcher 

deemed it unlikely that the inclusion of a time variable could bring further insights into the factors 

affecting the adoption of Smart Buildings technologies. 

Given the fixed deadline and limited time period in which to conduct the research, this 

researcher adjudged a cross-sectional study to be more appropriate than a longitudinal study in 

consideration of the research context.  

3.7 Data Collection 

Having peeled away the preceding layers of the research onion, the researcher arrives at the 

core of the data collection technique. This has been shaped by the prior operational, methodological 

and strategy decisions and additionally the decision to pursue mono-methods qualitative research. 
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The choice of interviews as the data collection technique is appropriate in achieving the exploratory 

research objectives (Williamson and Johanson, 2017) and (Crouch and McKenzie, 2006) and 

specifically in the ICT and technological domains (Basias and Pollalis, 2018). 

Interviews come in a variety of types for a diverse range of purposes from which a researcher 

can choose or combine to suit the research objectives. Highly structured interviews with 

predetermined questions and answer categories which find particular usefulness in telephone 

surveys for instance (Williamson and Johanson, 2017), are not consistent with this research context. 

Such highly structured interviews are deemed to possess inadequate levels of flexibility and would 

provide insufficient insights or depth of understanding into Smart Buildings technologies adoption. 

Conversely, unstructured interviews, by their nature evolve organically allowing the participant to 

speak freely enabling the topic to be explored more robustly and potentially uncovering previously 

unexpected insights (Saunders, Lewis and Thornhill, 2019). 

Semi structured interviews foster a certain amount of evolution but are guided through 

certain themes and questions by the interviewer (Saunders, Lewis and Thornhill, 2019). Gaining 

insights into the adoption of Smart Buildings technologies requires in-depth responses that formal 

structured interviews, by virtue of their rigidity, are unlikely to generate. The additional 

supplemental probing questions that such interviews allow are particularly beneficial for complex 

topics (Saunders and Lewis, 2017).  

Thus, with regard to the present research context, considering the fixed completion deadline 

and access to participants, semi-structured interviews have been chosen as the data collection 

method for this study (See Appendix D). 
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3.8 Ethics 

Consideration of the ethical implications is essential in every aspect of the research journey, 

from choosing the research topic to the formulation of the research design, negotiating access, data 

collection, analysis, and reporting. It is critical that researchers act ethically in every endeavour 

(Saunders, Lewis and Thornhill, 2019). Although this research topic did not involve the handling or 

processing of any particularly sensitive or other controversial information, upholding the highest 

ethical standards remains the cornerstone of this research. 

The first step in any research project is to plan a study that avoids ethical pitfalls (Williamson 

and Johanson, 2017). Following initial design, the researcher considers the data collection process 

whereby informed consent from participants is secured in advance. Prior to data collection, this 

researcher negotiated access firstly in writing by emailing an introduction to the research topic, 

objectives, and data collection methodology (See Appendix B). Subsequent to the initial 

introduction, and electronic record of informed consent was obtained in advance of participation 

(See Appendix C). 

  All interviews were conducted electronically, whereby informed consent was again obtained 

in advance of commencing any recordings. All participants were informed that the recordings would 

not be shared for any purpose and would only be used for data analysis, furthermore, prior 

reassurance was given to each participant that no commercially sensitive topics would be discussed 

in the course of the interviews. As all of the participants were senior industry experts or decision 

makers, the risk of any coercion during the prior negotiation or interviews was minimal. The 

researcher emphasised the right to sanction free withdrawal at any time and was open and honest 

about the aims and objectives of the research and its intended use during all interactions. 
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Finally, during the data analysis stage, and with regard to the researcher’s deontological view, 

said analysis was carried out in a respectful and equitable manner at all times. Through all stages of 

the present research project, this researcher has taken every measure possible to ensure the study 

is morally and ethically wholesome. 

3.9 Data Analysis 

Rigorous data analysis is an essential element of research as it forms the basis of a valid and 

well-structured study. There are various types of qualitative data analysis techniques available to 

the researcher; Thematic, Template, Narrative and Discourse amongst others. Thematic analysis is 

a flexible and approachable method of analysing qualitative data that is as agnostic in terms of  

research philosophy as it is in approach (Saunders, Lewis and Thornhill, 2019). This type of analysis 

differs from others that seek to establish patterns in that it is not bound to any theoretical 

framework, it is this freedom and flexibility that are its main benefits (Braun and Clarke, 2006). With 

regard to the present research, a thematic analysis was deemed the most robust approach to offer 

the greatest insights into the available data. 

There are six commonly accepted thematic analysis phases, even though these are similar to 

other qualitative data analysis techniques, they are not unique to the thematic approach (Braun and 

Clarke, 2006). In the context of this study, the first phase of transcription and familiarisation with 

the data was aided by the use of Microsoft Word 365 Online.  Once transcribed, the following four 

steps of the data analysis process were completed by importing the interview transcripts into a 

Computer Aided Qualitative Data Analysis Software (CAQDAS) application called NVivo. This was 

despite the fact that this approach is not expected or required, in fact researchers can choose to 

analyse qualitative data manually (Saunders and Lewis, 2017). The researcher’s methodology and 

philosophical approach to data is the guiding factor, however this researcher’s decision to use a 
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CAQDAS was based on the many advantages it offers. Its ability to manage and organise data and 

facilitate the thematic analysis of the data generated in qualitative research was deemed to 

particularly advantageous in the context of this research. 

 

Figure 19: Visualisation of this researcher’s data analysis approach 

Once transcribed, the data was verified against the audio recordings and imported into NVivo. 

Utilisation of qualitative data coding techniques and repeated examination of the interview 

transcripts allowed fragmentation of the data into analytical categories and themes. NVivo was 

fundamental in the creation of a hierarchical coding scheme which facilitated a deep exploration 

and analysis of the interview data. The coding structure was organised to reflect the major 

constructs of the TAM theoretical framework and the external variables underpinning the research. 

PU, PEoU, knowledge levels, market understanding, procurement models, perceived cost and 

security were used to group the emergent determinant factors into their domains. Codes were then 

assigned to the data that the researcher considered to be a determinant factor. 
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Figure 20: Hierarchy of Coding and Themes 

The over application of theory to the chosen analysis approach can sometimes negatively 

influence the research findings (Saunders, Lewis and Thornhill, 2019). This researcher, however, 

feels that the versatility of TAM and the flexibility of thematic analysis are suitably matched in the 

context of the present research project. 
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4 DATA ANALYSIS 

The purpose of the present research, underpinned by the TAM, its major constructs, and 

external variables, is to understand the factors that are affecting the adoption of Smart Buildings 

technologies, thereby limiting the growth of the sector in an Irish commercial buildings context. 

As described in the previous chapter, all interviews were conducted electronically and recorded 

with the participants’ prior informed consent. This researcher chose a thematic approach to data 

analysis as the most suitable based on its versatility of application and independence of theoretical 

frameworks (Braun and Clarke, 2006). The recordings were first transcribed using Microsoft Word 

365 online and loaded into a CAQDAS programme called NVivo for further coding and identification 

of emergent themes. 

4.1 Perceived Usefulness 

The usefulness of technology as a key construct of the TAM was addressed in the interviews. 

The emergent theme and consensus from the participants was that Smart Buildings technology has 

the ability to improve the quality of user’s lives and improve their ability to carry out their daily 

tasks: 

 

“They appreciate the data, they can make better decisions with the data so, 

they're completely involved in it.” 

 

“It will augment their workflow, give them more time and capacity to be 

better at their jobs.“ 
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“They're talking about green spaces, a comfortable working environment, 

being able to do everything as you've said from your smartphone or from your 

laptop, you don't need to be in an office, you can control your temperature, 

you can do your room booking, you can set your alarms, you can respond to 

alarms, you can do loads of things.” 

 

 

4.2 Perceived Ease of Use 

The ease of use of Smart Buildings technology was agreed to be a significantly important factor 

that affected the adoption of the technology and thereby the growth of the industry. The consensus 

from the participants was that from a front facing users perspective, Smart Buildings were easy to 

use. 

 

“There are different personas there in that question. When you say users, the 

users of a smart building only ever get to see this [shows their phone] the 

iPhone. So, from that perspective, a smart building is highly usable from the 

user's point of view, and as long as that continues engagement with Smart 

Buildings will continue to grow.” 
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4.3 Knowledge Levels 

The external variables of sub-system integration difficulties and lack of data interpretation 

capabilities we grouped under the theme of knowledge levels during the thematic analysis process.  

Differing skills shortages emerged from the interviews ultimately highlighting a general lack of 

technical skills, knowledge and understanding of the technologies, concepts and the wider industry 

amongst some of the key stakeholders in the Smart Buildings industry in Ireland. The overwhelming 

consensus amongst the participants was that at all levels of the industry, from procurement teams, 

to developers, building operators, FM and system integrators, there are deficiencies in skills, 

knowledge or understanding: 

One participant put the issue of knowledge and understanding as broadly and fundamentally as: 

 

“The first one that you said is interesting and you said it earlier “we all know 

what a smart building is”, I actually think and it's funny, but I don't think we 

all know what a smart building is.” 

 

While other participants we more targeted in their critique of the knowledge levels in the industry: 

  

“There's a number of blockers here, first of all, FM teams are not 

technologists, and they find it difficult to work with more integrated and clever 

systems.” 

 

 “And then you've got the FM teams who need to upskill.” 
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“The blocker is that we have a cohort within the industry that came from the 

trade side of things or came from the engineering side of things and they're 

not adept with using technology. And we're bringing in new tools like new 

fault detection and diagnostic tools, and analytic tools. We're bringing in new 

middleware that aggregates the data, and FM people are not capable of 

handling this.” 

 

“We have to recognize that trying to find someone who is FM orientated has 

the operation of technologies, knows about IT and know about workplace 

technology, that's a skill set and those people don't exist today.” 

 

“The skillset isn't there” 

 

“It's a contributing factor for sure, it's far from the only thing that's holding it 

back, but I mean it is a contributing factor.” 

 

“Yes, I do, I definitely believe that to be the case. There is often a load of data, 

and it could just even be simple things like footfall; who's coming in and out 

of buildings, what do they do when do they come in and out of buildings and 

being able to control when are you turning on the heating in the building or 



57 

 

 

the cooling in the building, when do we need to be able to do access control. 

There's loads of people, they don't understand the information that’s there. 

So yes, there's a certain amount of skillset that's there, or lack of skillset in 

relation to being able to interpret the information and to make use of the 

information.” 

 

“I think a lot of challenge for a lot of these people is a lack of understanding 

of actually what a smart building actually is and the technology that’s around 

it is to help them achieve what a smart building is, and the acceptance as well 

of the technology that's available to them.” 

 

“….and sometimes they don't understand the technology that's there. So 

rather than trying to take it on board, they'll dismiss it out of hand because it 

feels like you're taking them to task….. 

 

One participant though, gave a stark assessment of the capabilities displayed by system integrators 

who are tasked with combining to intelligent building sub-systems which together, are the essence 

of a Smart Building: 

 

“What we have a problem with here in Ireland is we don't have enough 

qualified contractors to deliver smart building, they're just not capable. 
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There's not enough understanding of the complete complexity of it. The skill 

sets are not in one house, one under one team” 

 

Although that opinion wasn’t unanimous amongst all of the participants: 

 

“It's a contributing factor for sure, it's far from the only thing that's holding it 

back but I mean it is a contributing factor. But I think it's a bit harsh to put it 

down onto the system integrators to say that it's there because they're so far 

down the food chain. So a lot of the problems exist much further up the line, 

as opposed to put down to where we sit.” 

 

Designers and consultants were added to the criticism of system integrators by another participant: 

 

“I genuinely think in Ireland especially, the key failing is designers and integrators, 

not the manufacturers, because they have all the good stuff in most cases, and not 

the end-user because they shouldn't be expected to know. Its designers, consultants, 

specifiers and integrators and probably the root cause of the problem is the 

integrators, because if the integrators were good enough, then the specifiers would 

have the confidence to specify it. So, it’s probably a mix of both.” 
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Similar unflattering assessments of the knowledge and understanding of Smart Buildings 

technologies possessed by the consulting and design professions in Ireland were held by other 

participants unflattering: 

 

“But I do think there's a massive issue in consultants and designers not knowing what 

a smart building is….” 

  

4.4 Market Understanding 

The majority of subject matter expert participants agreed on the importance of understanding 

of the market need and user requirements so as to offer a Smart Buildings product that will be 

adopted. The broad consensus was that the Irish Smart Buildings market is highly understood by the 

industry decision makers. 

 

“And that's one of the driving forces behind why smart buildings is being 

brought in; the users are demanding it.” 

 

“But now it's going wherever the user wants the manufacturers are making 

and the business are adopting, so the users are driving this all.” 

 

One participant went further, offering greater insights into market understanding, adding with a 

disappointing view of the perception of some sections of the industry on the environmental benefits 

of Smart Buildings: 
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“I think we understand the market very well. When we design a Smart 

Building, we firstly establish the users’ requirements and formalise into a 

digital building specification. We've actually spent a lot of time standardising 

this over the last couple of years. What we know is that we need to push the 

benefits to the users more, unfortunately if we keep pushing the Green agenda 

and the benefits to the environment, as virtuous as those points are, Smart 

Buildings adoption will always be slow. We have to keep pushing the user 

benefits.” 

 

Further analysis however, revealed a more diverse opinion of the stakeholder’s understanding of 

the Smart Buildings market and the user requirements: 

 

“No, I don't. Because they don't go in, and the big thing for me is, when you 

go in and you're dealing with the client or the end-users, you listen. How can 

you present a formal solution to them if you don't listen to what they're 

actually looking for, what they need, and what they want? An awful lot of our 

people go in telling people, well actually this is what you need, as opposed to 

listening, telling me this is what you want. So no, I don't believe that our 

people do. You asked me to do they understand, I don't believe that they do.” 
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4.5 Procurement Models 

The participants had differing views on the how Smart Buildings are procured and whether a 

change to such models would result in greater adoption levels of the technologies. 

 

“I don't see a problem with that actually, I think that works as well as it can. 

What I do think though, is that there is a growing need for an MSI to bring all 

of the sub systems together, and on the last couple of projects I was involved 

in, that sub-contract was awarded too late in the game. We need to start 

appointing that contractor earlier, that's the only change I would make from 

a procurement perspective. But to answer your question, yes, if that change 

to procurement was made, then I believe the growth of the industry increase.” 

 

 

With relevance to the construction industry in Ireland and specifically the model employed for 

procuring specific technical contracts, there was a general consensus amongst the participants 

that current model was not fit for purpose. Nor was it conducive to growing the Smart Buildings 

industry: 

 

“It's the M&E’s and construction people that's out there, they don't really care 

in relation to skills and technology. They don't really care about what's in front 

of them is just “what does it cost?” And they don't always have the clients, 

what the client wants isn’t always to the forefront of what they're trying to 

deliver.” 
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“100%, most definitely the limiting factor. Because they just chop it all up and 

get what's cheap as they possibly can. They're not interested in delivering a 

smart solution, they're doing what they can to get the most cost-effective 

solution they could put out there. You could work with an M&E, you could help 

design a system, and they’ll say; oh yeah we love this that, and the other. You 

could sit down with an M&E for a couple of months and you could help design 

this that and the other, and then when it comes to coming back to putting it 

out there and they’ll chop it up and give to everybody else apart from you.” 

 

 

“I do believe, anything smart should not be sitting in an M&E spec, it should 

be elsewhere. In the world of IT, they would get what we're doing much better 

but unfortunately in Ireland, their influence is very limited as opposed to the 

other side, so that's a big challenge. It's very antiquated, it's old and yes, it's a 

limiting factor for sure.” 

 

4.6 Perceived Cost 

By virtue of the motivations of some of the stakeholders in the industry and related to the 

procurement models, Perceived Cost emerged as a theme affecting the proliferation of the Smart 

Buildings industry: 

“I think first of all, the adoption of it always comes down to Euros or energy 

consumption, but mainly we would find Euros.” 
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“And whereas in the private sector, a lot of it is about cost because they want 

to deliver as cheap as they possibly can.” 

 

“And cost is a big thing too, everyone thinks smart buildings cost massive and 

then when it gets to the cutting down of costs on a project it's the first thing 

to go.” 

 

4.7 Security 

Cyber security and data security naturally emerged as common themes affecting the adoption 

of Smart Buildings technologies.  Consistent with the other technical elements of a Smart Buildings 

ecosystem, deficiencies in understanding of cybersecurity systems were highlighted as a limiting 

factor: 

 

“So, there’s a lack of understanding of the tools that could help from a 

cybersecurity point of view” 

 

“So, there's a lack of understanding of cybersecurity” 

 

There was general agreement with respect to the importance of cybersecurity systems to the 

industry: 
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“People are incredibly sensitive about their data these days. The behaviour of 

the social media providers and other online companies selling data has made 

people sit up and pay attention and ask questions. So, people won't engage 

with platforms if they think there's any risk” 

 

“Business and companies can't afford to have weaknesses in their IT systems, 

ISO accreditations or lucrative contracts can be at risk if they are found to be 

lacking in that department.” 

 

The consensus from the participants though, was surprising to this researcher in that the security 

arrangements provided by application developers, technology manufacturers and system 

integrators are robust enough to enable the growth of the industry. 

 

“There's one BMS manufacturer that has built their architecture on Blockchain 

technology, and sure that's the same as the crypto currencies, so you can't get 

safer than that.” 

 

“I don't think it's a huge barrier to be honest, most people share more personal 

information with Facebook, Twitter, Google, Tesco, (I could go on by the way). 

So, if the Smart Buildings systems are at least as secure as those then people 

will get on board” 
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“Cloud service providers, technology manufacturers and all of the other 

players can't afford to have any security issues these days, they just need to 

continue to take the standard precautions and stay current with the threats.” 
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5 DISCUSSION OF RESULTS 

In this chapter, the researcher will synthesise the findings of the primary research within the 

available literature to address the research objectives. Literature review sources supported by other 

non-reviewed sources will be utilised to expand on the identified themes identified in the data 

analysis providing valuable insights. 

The objective of this research study is to identify and evaluate the factors that affect the 

adoption of Smart Buildings technologies in Irish commercial buildings thereby limiting the growth 

of the industry. This objective as supported by asking the following research questions: 

• Does the Perceived Usefulness of the technology affect the level of acceptance? 

• Does the Perceived Ease of Use affect the level of acceptance of the technology? 

• Is there sufficient knowledge, understanding and skills amongst the key industry 

stakeholders, and does the presence or otherwise of this knowledge acceptance of the 

technology? 

• Do the Smart Buildings designers have an adequate understanding of the market 

demand and user requirements? Does the level of understanding have any effect on 

the adoption of the technology? 

• Are the construction industry procurement models that segregate Mechanical and 

Electrical contracts compatible with an industry that is striving to grow? If there are 

compatibility issues at play, do they effect the adoption of the technology?   

• How can the external variables be addressed to increase the level of acceptance of the 

technology? 

This research is underpinned by the TAM first put forward by Fred Davis in 1989. As discussed 

in the literature review of this research, the model has proven to be very useful in understanding 
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the adoption of technology, while its flexibility makes it a very robust model (Alomary and Woollard, 

2015). The discussions in this chapter will further be framed by the model. The major constructs in 

the model of PU and PEOU supplemented by this researcher’s proposed external variables will offer 

a set of determinants to Smart Buildings technology adoption. This not only serves as a basis for 

future research but can further be used by the business community to grow the market in an Irish 

context by addressing the findings. 

5.1 Usefulness and Ease of Use 

As one of the two determinants in the TAM, PU is defined as “the degree to which an individual 

believes that using a particular information system or information technology would enhance his or 

her job or life performance” (Chen, Li and Li, 2012). PEOU on the other hand, as the second 

determinant in the model that affects attitudes towards acceptance of a technology, is the level to 

which an individual believes the use of a technology would require negligible effort (Alomary and 

Woollard, 2015). 

  This research, consistent with the definition, found that Smart Buildings technologies 

significantly impact the quality of the building operator’s and FM professionals’ lives, as they were 

found to be impactful in terms of increasing end user’s productivity in the workplace. The benefits 

that Smart Buildings can bring to the end users’ experience of the built environment were further 

found to be significantly important. Each of the findings was noteworthy in the context of the PU of 

Smart Buildings technologies which in turn was found to have a positive impact on the adoption of 

the technology as posited by this researcher. 

Equally, the findings of this research study show that users’ PEOU is an important determinant 

affecting the adoption of Smart Buildings in an Irish context, particularly for end users and occupiers. 

This research has further found that of particular relevance to end users, Smart Buildings are highly 
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usable in that the end users’ interaction with the buildings technologies and subsystems is easy to 

use. There is in fact an expectation from end users that the Smart Buildings technologies are easy 

to use which is driving the technology manufacturers’ future development activities (Qolomany et 

al., 2019).    

The importance of the PU and PEOU of Smart Buildings technologies identified as a theme in 

this research is reflective of the wider literature. Previous research found that they have a significant 

impact on user satisfaction thereby effecting the adoption of building technologies (Chin and Lin, 

2016). With regard to the differing personas as identified by one of the participants to this research, 

PU and PEOU have both been found to influence building professionals intention to employ Smart 

Buildings technologies (To, P. K. C. Lee and Lam, 2018).  

There are many studies into the acceptance of the closely related Smart Home technologies 

(Yang, Lee and Lee, 2018), (Shuhaiber, Mashal and Alsaryrah, 2019) and (Hubert et al., 2018) for 

example. The findings in each are consistent with each other in that PU and PEOU are significant 

factors affecting the adoption of the technology. Similarly, Smart Cities, of which Smart Buildings 

are a vital component, is another highly researched topic the findings of which have shown that PU 

and PEOU are again a key determinant in the acceptance, adoption and growth of the technology 

(Pinochet et al., 2018) and (Darmawan et al., 2019).  

Therefore, the finding in this research project that PU and PEOU are key factors towards the 

growth of the Smart Buildings industry in an Irish context is consistent with the findings from other 

researchers in smart technology fields mostly focused on other jurisdictions. 

5.2 External Variables 

Having influence over intention and attitude indirectly, the following external variables were 

put forward and added to the TAM for the purposes of this researcher; sub-system integration 
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difficulty, lack of data interpretation capabilities, market and user requirement understanding, 

appropriateness of construction industry procurement models. 

5.2.1 Knowledge Levels 

Sub-system integration difficulties and a lack of data integration capabilities emerged as 

themes under the context of Skills Shortages in the Smart Buildings industry in Ireland. Smart 

Buildings are a complex mesh of sub-system technologies that must be integrated and 

interconnected to realise a truly Smart Building and release its full potential.  Each building sub 

system typically communicates over differing and sometimes proprietary protocols, although there 

has been a move in recent times amongst manufacturers towards industry standard protocols and 

naming conventions. Integration of these systems and connection to CC platforms requires specific 

and specialist vendor skills. 

The findings from this research reveal an absence of knowledge amongst vendors active in the 

Smart Buildings industry in an Irish context. This finding is consistent with the existent research not 

just in the Smart Buildings industry, but in the general ICT, green energy, and low carbon industries. 

Fundamental to intelligent and Smart Buildings, CC and IOT are digital technologies, skills shortages 

in this field and a resultant hurdle to proliferation have been highlighted and accepted (Sutherland, 

2018). Additionally, knowledge of low carbon initiatives, energies and Green ICT which are intrinsic 

to the success of Smart Buildings has equally been found to be lacking (Zekaria and Chitchyan, 2019), 

(Ah-Lian et al., 2019) and (Kumar et al., 2014). 

Big data has the potential to create value for business, specific to Smart Buildings, such value 

creation opportunities come in the form of automated decision making for real-time processes. 

Smart Buildings have the potential to create enormous amounts of data in an energy usage, plant 

condition monitoring, usage profile context and more. For such data to be of value to the building 
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its users and operators, it needs to be purposefully analysed. Researchers have however, highlighted 

issues and potential barriers in data analytics, some of which are technical or storage or ICT centric, 

most relevant to this research though, are skills gaps and inexpert staff (Ahmed et al., 2017) and 

(Bashir and Gill, 2017). This research has found that Smart Buildings operators and FM professionals 

must possess the requisite skills to analyse the building data robustly and adequately, failure to do 

so will ultimately restrict the growth of the industry. 

Consistent with the existent research, this researcher has found that skills shortages in key 

areas of the Smart Buildings industry in Ireland exist and that such shortages manifest themselves 

as limiting factors in the adoption of the technology and thus the growth of the industry. 

5.2.2 Market Understanding 

The consensus amongst the mass of the existent research into Smart Buildings suggest that 

internationally, there is a wide understanding of the use cases and opportunities for the industry.  

It is widely accepted that Smart Buildings present opportunities for self-adjusting controls, 

enhanced user experience, and energy savings (Ma, Badi and Jorgensen, 2016). Similarly, specific to 

commercial buildings (Perry, 2017) posited use cases in the area of energy savings enabled by 

automated HVAC and lighting systems whilst further putting forward non-energy benefits like 

enhanced occupier experience and employee efficiency. Consistent with fellow researchers and 

many other research studies, energy savings realised through Smart Buildings utilities control 

systems, lighting controls and again enhanced user experience were the focus of a study by (Bashir 

and Gill, 2017) into IOT enabled Smart Buildings. 

The consistency of the many research papers and the consensus amongst the researchers is 

that there is a wide understanding of the market need and user requirements. The findings of this 
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research that the industry stakeholders in an Irish context broadly understand the market, the 

market demand and the user requirements is consistent with the existent research. 

5.2.3 Procurement Models 

Commercial building construction projects in an Irish context procure the various intelligent 

building sub-systems under separate contracts. HVAC and BMS controls for example are procured 

under the Mechanical contract, while lighting, elevators, CCTV and fire alarms are all procured under 

the Electrical contract. Each of these intelligent subsystems are a vital component which when 

considered holistically and integrated, make a truly Smart Building. It is therefore surprising to that 

such inherently interdependent systems are procured separately. While some disagreement was 

apparent amongst the participants to this research, there was a consensus that the disjointed nature 

of the procurement approaches of was a factor limiting the growth of the Smart Buildings industry 

in an Irish context. 

Participants to this research unanimously referred to the emerging role in Smart Buildings of 

a Master Systems Integrator (MSI) and the potential benefits that such a position can bring to the 

industry, although one participant offered that a competent digital consultant was essential to 

maximise the MSI’s potential. An MSI contractor is multi-skilled across the various mechanical, 

electrical, building controls, technology and IT professions and has the technical capabilities to fill 

the gaps between the various contracts on a Smart Buildings project. The absence of an MSI on a 

Smart Buildings project may mean that the specified products might not get passed the initial 

compliance checks. As an emerging role in the industry, the MSI has to potential to offer revenue 

generating streams for businesses in related fields (Barker, 2020), (North, 2020). 
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While this research highlighted deficiencies in the construction industry procurement 

models particularly with Smart Buildings systems, and there was consensus that the current models 

have an inhibiting effect on the industry. 

 

Figure 21: The Role of the MSI (Barker, 2020) 

5.2.4 Perceived Cost 

A perception exists amongst industry stakeholders that Smart Buildings technologies add to 

the construction costs of commercial buildings (Hatcher, 2020), such a perception was supported 
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by the participants to this research. The general consensus amongst the participants was that the 

perceived additional cost of the technologies, which, in this researcher’s professional experience, is 

regularly value engineered from many projects when such a need arises, was deemed by the 

participants, to be a limiting factor towards the growth of the industry in Ireland. The perceived 

additional cost though, is misguided in that the long term benefits and cost savings that smart 

buildings technologies can enable, can far outweigh the outlay costs (King, 2017) and (Hatcher, 

2020). 

5.2.5 Security 

There is an abundance of existent research into various elements of cyber security in Smart 

Buildings. The dominant theme amongst the mass of research is a focus on the current status or 

technological solutions to specific points of weakness in Smart Buildings (Ion and Căruţaşu, 2021), 

(Osisiogu, 2019)  and (Brisson, Doggendorf and Savoie, 2019). Other researchers addressed 

vulnerabilities of some of the enabling technologies such as IOT (Krishnan, Anjana and Rao, 2017) 

and (IoTSF, 2022) for example. Alternatively, ample research can be found in the area of cyber 

security and Smart Cities, of which Smart Buildings are a contingent part (Belgaum et al., 2018), 

(Khatoun and Zeadally, 2017) and (Ma, 2021). The consensus amongst the researchers is that the 

cyber security of Smart Buildings is critical to the adoption of the technology. The findings of this 

research, established through the participants’ responses, are consistent with the consensus in that 

all participants highlighted cyber security as a highly important determinant factor towards the 

adoption of the technologies. 

Discussions on the cyber security of Smart Buildings and the enabling technologies of IOT 

and CC established a secondary consensus amongst some of the participants. As previously 

addressed, while all interviewees agreed on the importance of cyber security, two participants felt 
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that Smart Buildings’ cyber-physical systems were already highly secured. This consensus is 

supported by some manufacturers’ efforts in securing their products (Fr. Sauter AG, 2022) or 

professional association standards (Fisher, Isler and Osborne, 2019) addressing new vulnerabilities, 

or CC service providers security provisions. 

It is clear that Smart Buildings, by virtue of their very nature and the enabling technologies, 

present certain cyber security challenges that must be continually addressed in order to release the 

buildings’ potential. A delicate balance must be struck between the accepted benefits of the 

technologies like openness, interoperability, connectivity, low latency, virtualisation, and web 

access etc. and the security concerns that that they bring. 
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6 CONCLUSION 

6.1 Conclusion 

The purpose of this chapter is to summarise the findings into general conclusions and 

constructively analyse them in a manner that is relevant to the questions and objectives in the 

context of this research project. Furthermore, this section will present the limitations of the 

research along with future research opportunities in the Smart Buildings domain. 

While the enabling technologies of CC and IOT which constitute a Smart Building, are in 

isolation, long established, the amalgamation of these technologies into the Smart Buildings 

ecosystem is less well established as a concept. The global Smart Buildings market may be growing 

and the benefits to users, occupiers, the environment, and society in general are incontrovertible, 

research has identified several issues that are impacting the acceptance of the technologies and 

limiting the resultant growth of the market. The aim of this study is to identify the factors affecting 

the growth of the Smart Buildings sector in the context of the Irish commercial buildings industry. 

This researcher identified the TAM theory of technology acceptance as the most appropriate 

theoretical framework with which to gain insights into the factors affecting the adoption of Smart 

Buildings technologies in the context of the Irish commercial buildings industry. Within that 

framework, this research has identified the following dominant external factors which significantly 

impact the adoption of the technology; deficiencies in stakeholder understanding, lack of integrator 

capabilities, skills shortages, inappropriate construction procurement models, cost and cyber 

security. 

This exploratory research will benefit the existent literature by greatly adding to the 

understanding of some complex factors. The general consensus in the literature that data and cyber 

security as a critical factor affecting the adoption of Smart Buildings technologies has been 
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supported by this study. While the participants in this research agree that such security is an 

important factor, this research has established a secondary consensus that Smart Buildings 

technologies can be very secure. These security measures have been driven primarily by data 

protection laws, such as the EU General Data Protection Regulation (GDPR) but also by the 

technology manufacturers whose business models and professional reputations are based upon 

robust security solutions. Furthermore, professional associations have been shown as assisting the 

Smart Buildings industry with secure industry standard communications protocols. This research has 

thus shown that Smart Buildings cyber security measures are a key factor in affecting the growth of 

the industry. 

Previous research has focused on skills shortages or lack of technological knowledge amongst 

certain key stakeholders in the Smart Buildings domain as a limiting factor to the adoption of the 

related technologies (Vlachokostas, 2020) and (Haider and Moranis, 2019). This research is 

consistent with previous findings although knowledge and skill deficiencies were highlighted in most 

stakeholder personas, addressing these deficiencies will benefit the growth of the industry whist 

presenting revenue growth opportunities for business that are active in this and related fields.  

One of the findings of this research is that the construction industry procurement models in 

an Irish context are inappropriate when procuring technical and automated solutions such as BMS, 

fire, lighting, CCTV, lifts, FDD and more. This was found to be particularly true when the disparate 

sub-systems in a building must be integrated to realise a truly Smart Building. Additionally, the 

existent models were found to be inconsistent with a technology whose main purpose is to increase 

occupant comfort, enhance occupant experience, reduce energy, and benefit the environment. Re-

defining these procurement models to extract technical scopes of work from M&E trade contracts 

will greatly benefit the growth of the industry and might perhaps cause a paradigm shift in adoption. 
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It was further found during this research that establishment, better understanding, and acceptance 

of the MSI role in an Irish context is critically important. 

6.2 Limitations 

There were some limitations to this research project that affected the depth and breadth of 

both the research itself and the findings. The sample size was a clear limitation in that it may have 

affected the volume of data available for subsequent analysis. Even though the sample size was 

small, the population size from which the participants were chosen was proportionately small, 

therefore the sample size was adequate to support the nature of the research. Furthermore, this 

researcher, feels that the risk posed by the size of the sample is mitigated by the quality of the 

participants and the richness of the data created. The broad consensus amongst the participants 

and the consistency with the existent research allows this researcher to infer that the small sample 

size has not adversely affected the integrity of the findings. 

6.3 Future Research 

This research study has highlighted a gap in existent research in the area of construction 

industry procurement models. There is merit in conducting further research in the context of 

redefining M&E contracts and placing technical scopes of work under other more appropriate 

contracts. 

Additional future research opportunities exist in the area of understanding and skills amongst 

the key stakeholders in the Smart Buildings industry. The industry would benefit from a study 

identifying the required skills and an assessment of the existent skill levels. 

Finally, the Smart Buildings industry and the research community could both benefit from the 

output of a future detailed research into the additional commercial outlay and payback of Smart 

Buildings technologies.   
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Appendix B – Information Sheet 

E-mail Title: Smart Buildings in the Irish Market – A Research Project 

My name is Padraic Cremins, and I would like to invite you to participate in a dissertation research 

project that I am conducting as part of an MBA programme in Dublin Business School. 

The project is called “The Factors Affecting the Growth of the Smart Buildings Sector in the Irish 

Commercial Construction Industry”. 

The aims of the project are to firstly, try to establish the barriers that are hindering the growth of 

the Smart Buildings sector in an Irish context. Secondly, it is hoped that the output of the project 

will provide key stakeholders in the industry a platform to overcome these barriers and assist in 

growing the Smart Buildings stock in Ireland. 

To participate in the project, you will be asked to take part in a recorded, semi-structured, one-on-

one interview at a location of your choosing. The interview will be structured around your opinions 

on certain key technology acceptance and Smart Buildings topics but will be allowed to change 

direction organically as the discussion evolves. It is estimated that the interview will take no longer 

than one hour, upon completion of which there will be no further involvement required. 

There are no plans to widely publish the findings from this dissertation project although they will be 

published in my MBA dissertation. The findings may, however, be of interest to you, your 

organisation or other industry groups and can be shared upon request.  

At all times, you will have to right to opt out, refuse to answer, or bring to an early conclusion, the 

interview without offering any explanation. You additionally, have the right to ask for any of your 

data to be withdrawn and destroyed. 

The interviews will be recorded for the sole purpose of facilitating later transcription of the data. 

Precise transcripts are important in research to ensure that data is recorded accurately, to allow the 
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interviewer to be more present in the conversation and, importantly, to support greater 

accountability and scientific integrity. During the transcription phase your data will undergo de-

identification involving the removal of all personally identifying information thereby rendering them 

anonymous for retention. The original recordings will be digitised and kept under password 

protection. Upon graduation all recordings will be permanently deleted. Your data will be used 

strictly for academic purposes and will not be used for, or shared with, anyone for commercial 

purposes. The researcher will adhere to strict ethical guidelines and principles and will not 

anecdotally share any personally identifying information about you with anyone. 

If you are interested in taking part, please review the information provided in the consent form and 

if you are happy to proceed with the project then please indicate your willingness to take part by 

signing your name where appropriate.  

You are under no obligation to take part in this study or to provide a reason if you decide not to take 

part. You may choose not to take part without fear of penalty. If you agree to take part, you have 

the right to cease participation and withdraw your data at any time for any reason without fear of 

penalty. The data will not be used by any member of the project team for commercial purposes. 

 

Thank you for taking the time to read this information e-mail and I look forward to hearing from you 

soon. 
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Appendix C – Consent Form 

I ________________________________ voluntarily agree to take part in this research study.  

I understand that I am not obliged to take part in this study and that my participation in the study is 

entirely voluntary.  

I understand that I am free to withdraw from the study at any time or refuse to answer any question 

without the need to provide reason and without fear of negative consequences. 

I understand that digital recordings will be stored under password protection for some time until 

the approval of their dissertation by the examination board, at which point recordings will be 

permanently deleted. 

I understand that my data will undergo de-identification during transcription and will be rendered 

anonymous for retention and for the purpose of subsequent publications. 

I understand that I can withdraw permission to use data from my interview within two weeks after 

the interview, in which case the material will be deleted.  

I understand that I will not benefit directly from participating in this research.  

I understand that I am free to contact any of the people involved in the research to seek further 

clarification and information.  

I understand that signed consent forms will be retained for some time until the exam board confirms 

the results of their dissertation.  

I confirm that I have had the purpose and nature of the study explained to me in writing and I have 

had the opportunity to ask questions about the study with satisfactory answers provided.  

I confirm that I have read and fully understood the information provided and statements above. 

Name & Signature of research participant      Date 

__________________________     _______________ 

Name & Signature of researcher       Date 

__________________________     _______________ 
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Appendix D – Interview Protocol 

Introduction: 

Good morning _________, thank you very much for your time and taking part in this project. I know 

you’re already aware of the research topic from our previous conversations but let me first briefly 

recap. I am researching the factors limiting the adoption of Cloud Computing and IOT technologies 

thereby affecting the growth of Smart Buildings in the Irish Commercial Buildings sector. 

I'll broadly divide the conversation into the use of the technology, market need, data analysis 

and procurement models, but I’m happy to keep it organic and allow it to develop naturally. There 

will be a lot of cross over between topics anyway. 

So, I’ll start by first asking you if I can start by asking you: 

What do you think are main factors limiting the growth of Smart Buildings in Ireland? 

You’ve mentioned _________, in your opinion are there any others? 

What, in particular, about _________ in your opinion, leads it to have such an impact? 

• In your opinion, do you think that the Ease of Use of technology is a limiting factor? 

• In your opinion, do think that the Usefulness of technology is a limiting factor? 

• In your opinion, do you think that there is a perceived difficulty in the industry in integrating 

the various intelligent subsystems of fire alarm, security, CCTV etc., and do you believe that 

to be a limiting factor? 

• In your opinion, do you believe that building operators or facility managers have the 

capabilities to be able to properly analyse and interpret the data created by Smart Buildings? 

• In your opinion, do you believe that building developers, designers and operators fully 

understand the Smart Buildings market? Do you think is there a viable market for the full 

functionality that a truly Smart Building can offer? 
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• In your opinion, do you believe that the construction industry procurement models of 

Mechanical and Electrical contractors owning different aspects of Smart Buildings to be a 

limiting factor? 

 

 

 

 

 

 

     


