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Abstract 
Effective facilities management is key to business success. With changing and ever increasing competitive markets, an organisation's core functions need to be supported by flexible, efficient, fit for purpose and accessible FM services. Drones have transformed the way many industries deliver their services; improving customer satisfaction, reducing costs and revolutionising work practices. This innovative research investigated how drone technology was being used in the facilities management industry, and considered whether it has the potential to transform the way facilities managers deliver their services. 
Research data was collected through semi-structured interviews with experts in the field of drone technology and facilities managers across Wales. This data was considered against published work relating to innovation, technology, drones and drones as a commercial tool. The principal findings are as follows: drones are not being utilised in facilities management, despite the fact the technology could support a wide range of facilities management activities; there is a knowledge gap between facility management processes and the transferable applications of drone technology; commercial drone related material is available but the trend identified was that this information is not evidenced based and did not inspire potential users to adopt this innovative way of working. 
Drones could potentially transform the way facilities managers deliver their services, but in order to encourage these professionals to embrace this technology more research is required to answer exactly how drones can contribute to facilities management,  what benefits can be expected from their deployment and indeed if drones are fit to serve facilities management.
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Chapter 1.0 Introduction 

1.1 Introduction 
Effective facilities management (FM) is key to business success (RICS-IFMA, 2017). With changing and ever increasing competitive markets, an organisation's core functions need to be supported by flexible, efficient, fit for purpose and accessible FM services which are capable of responding to change. Alexander. (2003) argues that changes in FM often take place in response to new business needs. But FM can often evolve in relation to changing opportunities which can be provided via technology, and this applies to facilities and their management. Recent research identifies that changes in FM practices are heavily influenced by technology (Frost and Sullivan, 2017). Cost reduction is a leading driver of innovation, and innovation is a key to success. Other reports suggest facility managers have a willingness to embrace technology and change to achieve excellence when delivering their services.
Unmanned Aerial Vehicles (UAV) have recently seen a surge in popularity in both the domestic and commercial markets (Gartner, 2017). They are transforming the way many industries deliver their services, with recent publications highlighting the conceptual use of UAVs as alternative methods of transportation and delivery by distribution companies, and as tried and tested search and rescue aids on real-life missions. This relatively new technology has been deployed to deliver results rapidly, with greater cost efficiency and with far fewer risks to human safety (Molly, 2015).
This research investigates how UAV, or “drone” technology, is currently being used in the facilities FM industry and considers whether they have the potential to support and improve services provided within FM. Other research has considered new technologies, many of which are based about the internet of things and software integration (Markowitz, 2017). 
This study identified the current capability of drones in the context of the FM function, and evaluated whether UAV capabilities were being used by facilities managers and how they could be utilised to improve FM industry services. 
This introductory chapter includes an explanation of the research rationale and the resultant objectives. The chapter then introduces fundamental concepts of the research, including the background of drone technology.  Finally, this chapter briefly sets out the structure of the research project.

1.2 Research rationale
The use of drones in FM is a new area of study. Despite the advance of drones in to commercial applications and massive leaps forward in drone technology, the topic appears to have been neglected by contemporary academic and professional authors. Many media sources have reported on the use of UAV technology by commercial industries and the military, as well as using drones themselves in an aerial videography context to report current events, in a bid to liberate themselves from the costs and restrictions of using helicopters to report news stories. Despite evidence of UAV technology transforming several commercial sectors, no one has yet published a comprehensive review of this subject.
The contextualised rationale for this research is based upon the principle argument of the lack of knowledge transfer between facility managers, UAV operators and UAV manufacturers. The argument is evidenced by the following points:
· The absence of the application of UAV services in Facilities management.
· An abundance of UAV applications available to facility managers.
· The limited knowledge of UAV capabilities by facility managers.
· A lack of understanding by service providers on how to reach the FM sector.
A facility manger needs to deliver safe, effective and fit for purpose user environments whilst ensuring he or she performs to budget, meets targets, saves costs, improves safety and minimises disruption to core services. (Alexander, 1992). Could the application of UAV technology in FM functions be key to assisting facilities managers in delivering a better service in a safer manner, at a reduced cost?
The applications identified which could be linked to FM services and drive innovation will be inserted in to a framework, allowing facility mangers to easily pinpoint potential uses of UAV to overcome issues, whilst also showing UAV and software manufactures how to engage and transfer knowledge with the FM sector in order to maximise the uptake of available technology and support further innovation.
Following a search of the internet and the University of Wales Trinity Saint David (UWTSD) research repository (2017), it appears that at present no similar framework has been published or exists. In addition to this, the literature review for this research found no academic writing or evidence based case studies specifically on UAV use in FM. This study addresses the current lack of research linking UAV technology to FM work processes and will highlight areas in need of further research in order to allow reliable and effective knowledge sharing between the UAV industry and the FM sector. Many of the UAV applications in this research could be transferable to a range of other businesses, and could provide a foundation for their introduction in to new areas of application.

1.3 Aims and objectives
The main aim of this study was to identify the current capability of UAV in the context of the FM function, and evaluate whether these capabilities are understood and currently being applied by facility managers. The research investigated how UAV technology can be introduced to services within the FM industry in the same way the technology has already been applied across other commercial markets, and details where said UAV applications can be used in FM.
The aims were achieved through completing the following objectives: 
1. To investigate the awareness and knowledge levels facilities managers have of UAV.
1. To identify how UAV technology is currently being used in the FM industry.
1. To explore the ways in which drones could be utilised in FM and identify applications that could be transferred from other industries.
1. To create a framework aligning UAV services to applicable FM services allowing knowledge transfer between UAV operators and facility managers.

1.4 Background
Unmanned aerial vehicles (UAV) have been in development over the last century. The military has been the driving force of development, seeing units produced initially for distributing bombs by the United States Air Force in 1918 and 1935 for target practice by the British Government. In more recent times surveillance has been the dominant driver, with smaller more efficient units with ranges in excess of 1000 miles produced. Desjardins. (2016).
UAV come in three main forms:
· Multi-rotor
· Fixed wing
· Single rotor
Each type of UAV has its own unique capabilities, allowing the units to perform a range of tasks in varying environments a discussion by Chapman. (2016) explains:
· Multi- rotor units are easy to use, readily accessible, have excellent hovering capacity and can be used in confined spaces. Typical uses of these models are aerial media recording and inspection works. Both flight times and payload are limited with these units.
· Fixed wing designs are capable of covering large areas at increased flight speeds. These units need a large area for taking off and alighting and have no hovering capabilities. They are generally considered expensive and hard to operate. Typical uses of fixed wing UAVs include aerial mapping and inspection of linear infrastructure, such as power lines.
· Single rotor productions are the most dangerous of UAV types, due to their being more unstable and much harder to control than the multi rotor design. They are capable of increased endurance and can carry larger payloads, lending themselves to use in agriculture and laser scanning.
· A fixed wing hybrid is currently in development, with the aim of blending the characteristics of the fixed wing and rotor units. 
According to the Civil Aviation Authority (CAA, 2017) figure 4.9 drones have recently surged in popularity with both domestic and commercial applications becoming increasingly common. The media is also frequently reporting the use of UAV in both domestic and commercial settings. The author’s research has identified that the use of such aerial equipment is referred to using the following three terms: Unmanned Ariel Vehicles (UAV), Small Unmanned Aircraft (SUA), and Remotely Piloted Aircraft (RPA). These acronyms relate to the same equipment the media and internet commonly refer to as drones and UAVs. The International Civil Aviation Organisation (ICAO) uses the acronym RPAS (Remotely Piloted Aircraft System), and this is the preferred terminology employed by nearly all aviation governing bodies (AltiGato, 2018). In this study, from this point onwards the term “drone” will be used to describe all unmanned aerial technology covered by the research.
Assessing performance is key to improving standards and meeting an organisation’s goals. In FM performance is most commonly measured using Key Performance Indicators (KPIs) Meng. (2011). There is a vast array of KPIs that could be used to measure the performance of the FM function. Varcoe. (1993) considers the most prominent criteria in FM to be cost, quality and delivery. A study by Hinks and McNay. (1999) identifies a list of 23 performance indicators. Included in this list are the following points: no loss of business due to failure in service, provision of a safe environment and responsiveness to problems.
A recent research paper identifying changes in FM ranks influence of technology progress first (Meng, 2015). A study by Baker. (2014) evidences that cost reduction and driving innovation is key to success within the FM market. Further to this, in a contemporary report where facility managers were asked to rank which tools, techniques or methods have the biggest impact on improving support services, facilities management technology applications ranked highest. A major factor identified in this was the willingness of facility managers to embrace technology. (Anonymous, 2017).
In 2017 the HSE reported that 28% of fatal injuries in the workplace were caused by falls from height. Further to this, an annual average of 41,000 non-fatal injuries were reported in the fall from height category (HSE, 2017). Booty. (2009) covers the risk to businesses in relation to health and safety and poor work processes and highlights the need to take every opportunity to mitigate risk by eliminating the need to work at height.

1.5 Structure of research project
The primary method of research is in the form of semi-structured interviews; a literature review will figure as the secondary research method. The initial investigation consisted of interviews with drone service providers. The information gathered from this exercise was used to construct a case study, where facility managers were interviewed to investigate how drones are currently being used in the FM industry.
The following chapters show:
· Literature that was found on the subject of: technology and innovation in facilities management; drones in general; the commercial application of drone technology and the use of drones in facilities management.
· The methodology chosen for gathering information.
· The final results following analysis and what this meant, along with the knowledge transfer model created by the author.

The next chapter shows knowledge gathered during the literature review. It displays what literature was available, and the gaps that were identified when the literature was collated.
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Figure 2.1 Multi-rotor drone. 			(Drone n.d.)

Chapter 2.0 Literature Review

2.1 Introduction
This chapter contains the literature review and follows four key themes: technology in facilities management, drones in general and their capabilities, drones used in commercial industry and drones in facilities management. The University of Wales Trinity Saint David library catalogue which included databases but not limited to ProQuest, IHS, IEEE and Science Direct were used as a search repository, along with Google Scholar.

2.2 Definition of terms
“...a definition of a word should explain all the meaning that a word has.”
								Belnap. (1993:119)
When discussing technical matters, it is most important to begin by defining the specialised words that will be used (Swartz, 1997). If a word is not defined correctly, it could lead to confusion and misunderstanding. Many acronyms are used to discuss unmanned aerial vehicles: RPA, RPAS, UAS, UAV, UAVS and UV. All are correct, with some variations potentially having subtle differences. This study will refer to this type of technology as a drone.

Drones -	A multi-rotor type unit. These are generally small, affordable, easy to use and capable of moving in all directions as well as hovering and can be equipped with a range of technological features. An example can be seen in figure 2.1.
Drone service provider -	A business that provides services that are assisted by using a drone. 
Innovation -			A new idea, method or product.
Technology -	Machinery and devices developed from scientific knowledge.
Delivery methods -		How a service is provided.
Asset -				An item of equipment or property.
Survey -	A detailed evaluation of a property or asset’s condition, recording data for later presentation or analysis.
Inspection - 	A visual assessment in order to provide a judgement on condition or suitability. 

2.3 Innovation and technology in FM
Facilities management is one of the fastest growing professions in the UK (Noor and Pit, 2009) and the FM sector has seen considerable change since its inception (Boothy, 2009). In order to succeed, FM service providers must be innovative and embrace change while simultaneously seeking quality and cost effective delivery methods (Baker, 2014). 
When asked to define innovation, the majority of experts linked the conception of an idea and its transference into a product or service that provides a solution (Skillicorn, 2016). Facilities management is one of the fastest growing professions in the UK (Noor and Pit, 2009). Innovation is not only essential for corporate success but is also commonly viewed as extremely important for business survival (Goyal and Pitt, 2007); it is motivated by the need to differentiate services from competitors and to develop long-term relationships with customers by catering to their specific needs (Cardellino and Finch, 2006) and Pitt et al., (2006) determined that high profile maintenance management failures on a global level can be attributed to a failure to innovate.
Naughton. (2004) describes the modern theory of innovation as being based upon and largely attributed to advances in technology, changing customer needs, shorter product life cycles and global competition, all of which have transformed the definition of innovation from one of luxury to practical necessity. With the rapid advancement of technological capabilities, there is no doubt facilities managers can apply new technology to transform the way they deliver their services (Alexander, 1992) and (Chesbrough, 2006). However, there is some evidence to support the idea that the FM sector is slow to develop and adopt new ideas. A questionnaire distributed amongst business and FM professionals as part of a study by Goyal and Pitt. (2007), uncovered a measure of confusion as to whether innovation planning should fall under the FM remit:  36.84 per cent of their respondents believed this should be the case, whereas approximately 45 per cent concluded the opposite.
A critical review by Noor and Pitt. (2009:228) surmised that “many organisations are concerned about implementing innovative strategies in to their facility management sector” and argued that “the role of innovation in FM services is not just to produce innovative solutions, but also to establish and develop a creative environment in which solutions can be conceived, developed and implemented”. Cardellino and Finch. (2006) argue that while manufacturing industries create goods, service industries provide non-tangible products that can be difficult to perceive. Intangibility, simultaneity and heterogeneity can pose particular barriers to innovation in services, which could be why innovation is less developed in service industries such as FM (Voss et al., 1992) and tourism (Organisation for Economic Cooperation and Development, 2006). Cardellino and Finch. (2006:155) also describe the FM industry as being “portrayed with lacklustre image in relation to innovation", but do concede that events such as the British Institute of Facilities Management Annual Awards for Innovation reflect a budding movement to place more emphasis on innovation in the sector (Ibid, 2006).
A study by Sundbo. (1997) suggested innovation may be determined by scientific research resulting in new technology, by individual entrepreneurship, or by a strategic decision and development of innovation in the entire company. The third approach was singled out as the most apt for explaining innovation in service firms, where innovations have a tendency to be market-driven and formulated within a strategic system orchestrated in a “top-down” manner, proposed by the heads of departments but based on ideas from workers at all levels. Scupola. (2014:375) added to Sundbo’s argument that innovations in FM are market-driven by identifying customers as important sources of innovation in the sector, finding that “customers contribute to the generation of FM service innovations mostly in an indirect way, through expressing their needs and wishes”.
Despite an apparent sector-wide uncertainty over embracing innovation and technological advances, industry leaders are clear that doing so is the best way forward for FM.  Speaking in 2011, Erik Jaspers, member of the International Facilities Management Association Board of Trustees and Chief Software Technology Officer for the Planon Group, a leading global FM software provider, said:
“Rapid advances in technology are redefining the way facilities and real estate managers design and deliver optimal workplace environments, so keeping up with technology is vital.  Incredible advances in technology are rewriting the boundaries of what FM can do.” (Jaspers, 2011. pers.comm. 18 May).
In a recent, interview Area Development Online. (2015) Maureen Ehrenberg, an internationally recognised expert in the facility management field and President of Global Integrated Facilities Management for JLL, the world’s largest FM firm, stated that:
	The impact that technology has had on building management in just the past 	few years has truly transformed our profession and our business. Facility 	managers need to be more strategic and tech savvy than ever before. 	Managing facilities has become much more about driving and enhancing 	productivity in the workplace and utilizing the data and analytics that we are 	capturing through our use of technology than it is about waste removal and 	grounds maintenance. Ehrenberg. (2015:1) 
Ms Ehrenberg described having an integrated service-technology solution as “more important than ever” for the FM sector and went on to say:
	Technology is enabling the facility manager to work and think differently and to 	create business cases based on strong, reliable data resulting in measurable 	return on investment, smart cost-avoidance techniques, and cost savings 	techniques, thereby extending the life of the assets for which they are 	responsible. Technology is providing the profession the means to a 	better portfolio performance. Ibid. (2015:1)
Technology could be the key to innovating work processes in FM; Ms Ehrenberg is clearly a  passionate advocate of its use in the sector (Ehrenberg, 2015) but the interview focussed on  her personal opinion and did not fully describe which technologies were  transforming FM and how they were doing so. It did however conclude that the collection and strategic use of data was imperative when it comes to modifying work processes in order to save cost and improve services. Ivan Fernandez, Industry Director for Frost & Sullivan - a provider of market research and analysis over multiple industries - echoed the pronouncements of (Ehrenberg, 2015) and (Jaspers, 2011) by agreeing appropriate technologies needed to be applied to FM, but inferred that facility managers may not have the knowledge or skills to apply innovative technology, thus raising an issue of professional development in the sector that ought to be addressed:
	Whilst the usual competitive factors remain valid, such as price 	competitiveness, compliance with regulatory requirements, expertise in FM 	service delivery, reputation and portfolio, as well as established client 	relationships, the FM industry must also leverage appropriate technologies in 	built environments. This will be for productivity benefits, as well as to engage 	the future workforce. Technology-driven trends open up new opportunities for 	FM service providers, 	whether through enhancing capacity to self-deliver or in 	collaborating with other solution providers. For FM professionals though, it will 	mean significant upskilling so that these new technologies are used to deliver 	improved outcomes for all stakeholders involved. Fernandez. (2017:1).

It is clear from the author’s research that other academics have found innovation lacking in the FM sector, and that FM industry experts have identified a clear and pressing need for professionals in the field to embrace new technology. Utilising drones would represent a clear leap forward on both fronts but solutions are needed to overcome the knowledge deficit and implement the upskilling required for the strategic use of technology. 

2.4 Drones
“As drone technology gets better and better, people are finding creative new ways to make use of these flying devices” Newman. (2017:14).

Drone technology is currently undergoing ground-breaking progressive improvement (Joshi, 2017). Amazon Services LLC affiliate advertising program website Airdronecraze has categorised the progression and possibilities of drone technology within a 7-generation model. Generation 1 comprises basic remote controlled aircraft, which evolve in to Generation 7 drones. These seventh generation drones will be suitable for commercial use, compliant with regulatory standards and will feature enhanced capabilities, allowing them to operate autonomously with full airspace awareness.
Drone technology is currently at the Generation 6 level, offering units suitable for many commercial purposes. Game changing drones with in-built artificial intelligence features, such as facial recognition software, are imminently available (Hyde, 2017). Many of the higher end units are pushing in to Generation 7. Airdronecraze (2017) predicts drone technology will go on to provide safer, quieter, more automated drones, with capabilities that are currently only conceptual - such as organ donation delivery, parking enforcement and transportation of tools and materials. It’s no surprise that the use of this exciting, new and affordable technology is gathering pace.
In 2012 the Civil Aviation Authority (CAA) granted 180 small unmanned aircraft (SUA) commercial operator permissions. Applicants included 3 police forces and 3 fire services, which mainly deployed drones for search and rescue purposes. CAA records now indicate 3,446 SUA annual permissions had been granted as of November 2017, including 18 to police forces and 6 to fire services. The cost savings of reducing flight times of helicopters have driven the increase in drone applications by the emergency services. (Mr K Hughes 2017, pers.comm. 22nd November).
The UK is not alone in showing these trends. In 2017 it was anticipated 3 million drones would be purchased globally, an increase of 36 percent on the previous year. (Gartner, 2017). Over 63,000 of these sales were expected to have been for commercial use. In the USA, the Federal Aviation Administration (FAA) up to December 2015 approved over 1,000 commercial licences. In 2017 the FAA indicated that 30,000 people had applied for commercial licences to use drones for business purposes.
There are numerous examples of how drone technology can be used to help people in a wide range of environments but there is an ongoing debate over the dangers and invasion of personal privacy (Newman, 2017). In March 2016 a flight attempting to land at Los Angeles International Airport reported that a drone was flying only 61 meters above the airplane. On this occasion the plane landed safely but the publicity surrounding the incident raised many concerns, such as what would happen if a drone was to impact an aircraft? More locally there have been reports of low flying drones scaring horses (Sawyer, 2018), The British Horse Society reported 11 such incidents in 2016 – 2017 but felt it was just the tip of the iceberg, with many incidents potentially going unreported. In relation to security and privacy, one of the biggest media reports on drones to be circulated globally came about when a hobbyist lost control of his drone and crash landed on the Whitehouse lawn. This event sparked major security concerns regarding the ease with which drones can access secure sites, whilst also highlighting the fact that drones can crash, potentially causing damage to the built environment as well as injury to people. “The drone is monster, capable of terrible acts; and it is a hero, uniting disparate technological forces in to a power greater than the sum of its parts.” Rothstein. (2015:xv). Privacy is also a major concern, Gonzalez. (2017) argues drones are potentially privacy – invading for four reasons:
· They operate in the sky and have the capability to fly over traditional boundaries such as trees, fences and walls.
· They are equipped with high-resolution cameras allowing detailed images and video to be taken from high altitude.
· Both the flight path and camera can invade a person’s privacy in number of ways.
· The advancement of drone technology is causing concern amongst the general public with regard to their privacy.
DoBose. (2016) attributes these same factors as allowing drones to innovate and change work practices. It is clear the use of drones for domestic and commercial applications has raised many concerns among governments, industry authorities and the public. This section of the literature review highlighted a wealth of writing relating to ethics, with (Crosston, 2014), (Boucher, 2014) and (Luppicini, 2016) producing material focusing on domestic and commercial uses of drones that generate public safety concerns and privacy issues.
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Figure 2.2 The CAA drone code. 				(The drone code n.d.)

The rapid growth in popularity and use of drones in both domestic and commercial sectors. The public opinion on the technology and concerns from authorities are factors, which have led to the development of national and international guidance and regulatory restrictions covering drone flights, with many countries seeking to overcome the potential issues highlighted earlier in this section in order to make drone use safer. 
The CAA and FAA have written guidance on drone use for both commercial and hobbyist applications and implemented restrictions in order combat fears regarding public safety and privacy. The UK’s Drone Code is intended to assist drone users in flying safely and follows five key principles: Don’t fly near airports or airfields; Remember to stay below 120m; Observe your drone at all times; Stay 50m away from people and property; Never fly near aircraft; and Enjoy responsibly (CAA, 2018). International standards are being put forward to the International Civil Aviation Authority for approval in 2018 (Carey, 2015). Research and development is also underway in the area of drone-specific air traffic management, allowing dedicated safe airspace for drone activities. Such development is thought to be required to support the predicted future of drone applications requiring "highways in the sky" (Gharibi, et al., 2016).
 
2.5 Drones as a tool
“Private actors will soon operate drones in equal if not greater numbers than the government.” Bennet. (2014:3)
The technical capability for drones to support commercial endeavours is available and has been deployed over a wide range of industries. Preble. (2015) argues most recent publications have evidenced the major uses for drones are as follows: transportation and delivery; supporting security surveillance, search and rescue teams and law enforcement; providing high quality aerial imagery and monitoring farming processes. The emergence of drones and rapid advances in drone technology have seen their deployment in commercial operations increase exponentially. There is a growing body of evidence suggesting drones are able to provide services more effectively, quickly and at a reduced cost when compared with traditional methods (Joshi, 2017). A recently completed comparative analysis of the environmental benefits of drone-based delivery services by Jiyoon, Solhee, & Kyo. (2018) highlighted the potential environmental benefits of delivering small packages within a locality of 10km using drones over fossil fuel alternative methods of delivery. Similarly Murray and Chu. (2015) suggest how drone technology can be used in conjunction with traditional methods to more effectively and efficiently make small deliveries.
Amazon, the largest online retailer in the US, has already succeeded in testing drones on several occasions and has acquired a patent for a UAV delivery system (Mohammed et al., 2014). The logistics delivery giant DHL has also developed drones and is assessing the feasibility of their use for its entire delivery system (Heutger, 2014). The fast food industry is also getting involved, with Domino’s succeeding in developing a commercial delivery system for pizza by drone in November 2016 (Pepitone, 2013) and (Bamburry, 2015).
Bedici. (2017) describes how Universities are using drones to assess damage on campuses following freak weather events and to inspect vertical structures. This article includes quotes from university staff who feel the use of drones is limited only by the creativity of the people who control them. These interviewees reported they were deploying drones for the purpose of traffic monitoring, supporting safety and security functions, providing real time footage of environments to first responders and mapping University buildings and grounds.
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Figure 2.3 Drones developing as a commercial tool. 		Giones and Brem. (2017)
 “Unmanned aerial vehicle (UAV) platforms are nowadays a valuable source of data for inspection, surveillance, mapping, and 3D modeling issues”. Nex and Remondino (2013:1).  
Bobby. (2017) argues asset management is bolstered by using innovative technologies such as drones to proactively inspect critical assets and to ensure these are maintained effectively. Bobby goes on to state that “the commercial applications market for unmanned aerial systems and vehicles is projected to grow from $2billion in 2016 to over $127billion by 2020”. DuBose. (2016) covers the practicalities of using drones to inspect bridges, emphasising the savings in cost, time and safety improvements over using traditional methods. (Bendig et al., 2012) evidence how a low-cost Mini-UAV platform is suitable for the acquisition of thermal and multispectral images. Breytenbach. (2017) covers how drones can benefit the buyers and sellers of built and natural assets by calculating lengths, heights, areas or volumes without committing to expensive ground surveys, and by performing aerial photography or videography in order to display their properties with impact at a fraction of the cost over traditional methods. Commercial property managers can also benefit from deploying drones for the use of maintenance inspections of high or hard to reach areas, programming flight paths to complete regular inspections, recording data to assess levels of deterioration and using technology such as thermal imaging to identify assets that may be gathering or losing heat (Ibid, 2017).
Campbell and Katz. (2016) suggest drones are not suitable for all tasks and can perform poorly in some functions, such as extremely high accuracy projects, avoiding obstacles, covering massive or heavily built up areas, or providing services where there is thick ground cover. It must be noted that advances in drone technology will vastly ameliorate - and in some cases do away with entirely - some of the weaknesses covered by (Campbell and Katz, 2016). For example, drones now have collision avoidance capability which prevents impacts with obstacles.
Utilities providers and construction, mining and railway companies are using drones to provide real-time footage of site operations (Russon, 2015), utilising software that can identify and measure resources such as building materials and routinely inspect dangerous infrastructure without the need to disrupt business activities, saving companies significant amounts of money. Molly. (2015) evidences how American mining companies use drones for the purpose of aerial surveying or monitoring and inspection of remote sites, with the drones being seen as tool to keep a closer eye on safety.
 
2.6 Drones in FM 
No resources were found linking the use of drones specifically to facilities management. There is a distinct lack of academic writing on the subject of drone use in FM. There was no evidence of case studies with drones being utilised in ways which could potentially promote the use of drone technology in the FM industry.
“The emergence of a new industry often goes unnoticed to academic researchers until it has fully emerged and its actors become fully visible.” Woolley (2014:721)
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Figure 2.4 20 commercial uses for drones. 				(Thompson, 2015)
Figure 2.4 categorises the 20 leading commercial drone uses as identified by Thompson. (2015). FM does not feature on this list, and there is a distinct lack of academic publications on drone use in the FM industry. This is despite the fact a number of drone uses identified in figure 2.4 are related to services provided by the FM function, and many have transferable applications which could lead to innovation and improvement in FM services.
FM activities encompass many areas, including real estate management, financial management, change management, human resources management, health and safety and contract management. Building maintenance, domestic services (such as cleaning and security) and utilities supplies also tend to come under the remit of FM (Atkin and Brooks, 2000). This list is ever expanding as the FM industry responds to market needs. The literature review earlier in this chapter looked at how developed and emerging drone technologies can be applied to many of these FM functions in a bid to improve effectiveness and efficiency of FM related operations.
Reviewed literature covering drone use in other sectors contains transferable applications or technology that could be adapted to innovate and improve services delivered by the FM industry. Real-time drone footage of a site could be used by security services, with facial recognition software employed to track persons of interest. Drones could provide better illumination for staff members sent to investigate poorly lit areas, or be used to undertake audits to ensure safe working practices are followed by the work force and sites. Drones could also be tasked to complete site inspections, allowing a facility manager to effectively coordinate services over multiple sites and get a better understanding of complex problems.  They could even transport materials required to complete a maintenance task.
 
2.7 Conclusion
The argument as to what degree the FM sector is innovative is still very much in debate: the material reviewed in this research suggests a divide, with facilities managers believing they are at the coal face of new technology and innovation. Whilst academic material is leaning towards the opinion that the sector is reluctant to use new technology and unproven work processes over those they currently employ to provide results. It does appear that leading voices in the FM sector accept embracing new technology is key to success in facilities management.
The rapid advancement of drone technology has made them affordable, easy to operate and flexible enough to adapt to suit a wide range of applications. Future development is predicted to create drones that are fully autonomous with capabilities allowing them to operate within regulatory standards and be equipped to meet many commercial applications. Aviation authorities have recognised the rapid growth of drones in use both nationally and internationally. In order to overcome uncertainties regarding safety and privacy generated by their growing popularity, both the CAA and FAA have written and applied guidance for drone use as well as implementing the requirement for a commercial operating licence.
Readily available technical capability has seen drones emerge in many commercial sectors, developing innovative new ways to deliver services and operations that are safer, cheaper, quicker and more environmentally friendly than traditional methods. Drones are not suitable for every task and limitations have been identified in some areas, highlighting the significance of knowledge and use of best practice when deciding where they can be deployed. The FM sector is missing out on the potential benefits of using drone technology; this is due, in part, to a dearth of academic writing and evidence backed case studies on the subject: evidence suggests that current uses in other sectors could easily be transferred to FM process.
The next chapter will cover the methods used to meet the aims and objectives of this study. 


Chapter 3.0 Methodological Review 

3.1 Introduction
Chapter three discusses the methods employed in order to achieve the research aim and objectives. It is considered necessary to clarify and justify the methods employed for the process of data collection. The way in which research is conducted will directly impact the reliability and validity of any results gained, and the conclusions that are reached. The methodological review discusses the context of the research, and provides a justification for the primary and secondary methodologies employed. It will also cover the terms of data collection and the literature research along with the later analysis of data. 
Methods will be evaluated in order to identify any potential limitations and to attempt to circumvent any problems anticipated by the author. Explanations of the solutions created to prevent or minimise any identified issues from occurring are included. Good planning reduces the likelihood of encountering problems, but cannot entirely preclude them. Problems that the author did encounter are also recorded and discussed in this section. 
“Careful planning and implementation of data collection are fundamental to the success of any project.” Wheater and Cook (2000:1)

3.2 Rationale for selecting the geographic location of Wales 
Wales has a total area of 20,779 km2 and a recorded population of just over three million. The western coastline covers over 2,700 km while three major English cities border the east. In 2016, 98,000 active businesses were recorded in Wales (Welsh Government, 2017). Property service businesses made up quarter of that total, with construction and retail respectively making up the next largest groups. Agriculture and forestry are also leading sectors in Wales. The Welsh housing stock is amongst the oldest in Europe; Wales has a total of 30,027 listed buildings (British listed buildings, 2018), 4,186 scheduled monuments and over 400 registered historic parks and gardens. Tourism in Wales is a large market and a major contributor to the Welsh economy. Significant amounts of the country’s financial resources are spent on attracting visitors to Wales, and drone technology has been utilised extensively by many tourism marketing companies. 
Given Wales’ preponderance of difficult terrain and ageing buildings, the country stands to benefit greatly from the services available from both home-grown drone operators and those based in bordering cities, as drone equipment is easy to transport to and operate in remote environments. The prevalence of historic and degrading property stock currently being managed in Wales means most facility managers working in the country encounter property management issues which could be supported by drone technology, such as accessing large, hard to reach areas for inspection of defects and condition monitoring. Agriculture, forestry and tourism sectors have reported an increase in the use of drone technology (Beloev, 2016), which suggests drone operators are already supporting a range of businesses and other organisations within the country. 
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		  Figure 2.5 Map of Wales.				(Wales Map n.d.)
3.3 Sampling 
“There is no hope of making scientific statements about a population based on the knowledge obtained from a sample, unless we are circumspect in choosing the sampling method.” Malhotra and Birks (2003:355).  
With circa 23,000 jobs in Wales relating to management of property recorded by the Welsh Government. (2017) in 2016 and 3,446 commercial drone operators recorded as registered with the CAA (November 2017), it was unrealistic for the populations of facilities managers and drone operators as a whole to be used for the purposes of this study. Instead, a representative sample was chosen for semi-structured interviews. The sample takes in to account the whole country and the services readily available, in order to gain accurate and reliable data reflecting the experiences of the Welsh FM sector and drone operator businesses.
Samples of facility managers were selected equally from the public sector, small to medium enterprises (SME), large direct labour organisations and major FM service providers. Drone service providers were selected from both rural and highly populated areas. To provide an accurate reflection of facilities managers in Wales, a total sample size of twenty managers was aimed for; with the drone service providers a sample size of five was decided. The sample sizes conform to characteristics of exploratory research (Malhotra and Birks, 2003). The main objective when sampling is to provide insights and understanding of the nature of a phenomena, the findings of which can be used in their own right or fed in to conclusive research by illuminating specific conclusive findings (ibid, 2003). 
Facility managers were identified through business network directories, LinkedIn and by directly approaching public sector bodies. Yell.com and Google were used to locate drone service providers which specialise in property related activities.
Facility managers and drone service providers were contacted via email with a brief background explanation of the project and its aims. Limitations were encountered through the reluctance of some facility managers to take part. Conversely, all of the drone service providers targeted responded positively. The lack of facility manager participation meant that 17 of the 20 managers approached were interviewed. Lack of time was stated as the main reason for facility managers not wishing to engage with the author, combined with a reluctance to take time out of their schedules for research on a technology that is not currently viewed as a popular option in their sector. The drone service providers were not only more accepting of the invitation to take part in the study; they were also more flexible with regards to the manner in which they contributed. Some requested Skype, telephone and face-to-face interviews with the author rather than confining the interaction to emails. 
It could be argued that an electronic questionnaire using a platform such as Google Forms or Survey Monkey would have been more suitable for participants that have a reactive and demanding workload. The author felt that the qualitative research method of semi-structured interviews would provide more reliable and constructive data, especially with initial research highlighting a knowledge gap of drone technology in the FM sector. It is thought interviews are more amenable to the amassing of detailed and wide-ranging information (Cargan, 2007). Therefore the semi-structured interview method was chosen.   

3.4. Interviews
In view of the small sample size of facility managers, it was decided that face-to-face semi-structured interviews would be the most constructive form of gathering data. Semi-structured interviews gave the author the opportunity to interact with interviewees, which contributes to the depth and detail of the inquiry (Patton, 2002). It was also recognised from initial research that there appeared to be a knowledge gap between what drones can offer and facilities managers’ awareness of the scope of drone applications. 
Compared to quantitative research methods, such as a questionnaire survey, the use of interviews takes advantage of the direct interaction between people (Oppenheim, 1998). The advantage of direct interaction with participants was highlighted when the author designed the interview structure. During the process, it became apparent that in order to glean the breadth and quality of information required, a questionnaire would have become a long and complex task for participants. Many of the questions posed would have required them to consider the FM industry in depth, and to formulate new ideas on how current drone applications could be utilised within their sector. It was felt the effort required to answer such questions via an electronic form would have led to a limited number of responses, or responses that lacked any real depth, due to respondents failing to spend the time required to answer questions in sufficient detail. 
Interviews were conducted at the interviewee’s workplace, neutral locations and in some cases via Skype. The author visiting the participant’s workplace was the preferred option; this may have been because it allowed the participant to feel comfortable whilst allowing them to feel in control of the timing and pace of interview (Malhotra and Birks, 2003). The face-to-face semi-structured interviews allowed a rapport to be built between the researcher and the interviewee. This connection allowed for the full engagement of the respondent, which is essential for maximising the collection of information-rich data.
Face-to-face interviews do have limitations. They can be construed as intrusive, which may lead to the interviewee feeling pressured and as such they may fail to answer questions in a manner which reflects the true nature of their actual activities (Robson and Foster, 1989). The author did not largely feel this factor was an issue, as much of the questioning was based on the respondent’s activities and did not touch upon any social factors. The questions targeting facility managers’ knowledge on the subject of drones could have been a potential area for unnatural responses, as a lack of knowledge could be felt as a weakness in the respondents’ professional capacity. This possible limitation was overcome by organising the interview with structured, unprompted and open-ended questions. The results were later entered in to a spreadsheet, in which responses that evidenced areas such a subject knowledge were given a numerical value based on the author’s interpretation of the facility managers overall knowledge level. This value was decided comparing the other responses and the information gained of available technology from the drone service providers and the literature review. 
While all respondents claimed to be knowledgeable with regards to drone technology, it is still necessary to investigate gaps between facility managers’ knowledge and the drone technology and services available, in order to provide an understanding of the current situation.
All interviewees were initially approached via emails requesting their participation. The introduction email highlighted how the respondents input would add value to the project. The researcher was introduced as a postgraduate of University of Wales Trinity Saint David, and the background and aims of the research project were explained. This approach was highly successful when targeting drone service providers but much less effective when it came to establishing contact with the facility managers. Follow up emails were sent to facility managers. If there was still no response the author then made phone calls and enquired whether the emails had been received. 
The initial emails were predominantly sent out on a Thursday afternoon, as this was the time granted by the researcher’s employer to conduct academic activities. As the initial response from the facility managers could be described as poor, the author considered whether the choice of the email dispatch time could have been a limiting factor. It was decided that a follow up email would be sent on a Tuesday AM to see if the change would provide an improved response rate. Both supervising lecturer and market research on the subject suggested this time period was a peak opportunity to obtain email responses (Leszczynski, 2018). Once prompted, some of the managers did contact the author, citing workload as a key factor for not providing an initial response. All remaining non-responders were contacted via the telephone, but mostly indicated that they were not interested in taking part in the research. 
The significance of the high response rate of drone service providers - following an introductory email sent outside of the peak periods suggested by market research - could be an area warranting a separate study of its own. Could their positive reactions to the author’s interview request be attributed to the willingness of technology-based businesses to accept change and embrace new opportunities, given the constantly-evolving nature of their sector?


3.4.1 Pilot Study
Oppenheim. (1992) contends that questionnaires do not emerge fully-fledged, and emphasises the importance of a pilot study to ensure a survey will acquire relevant and focused data. The author believes that this principle applies to the questioning required for interviews  
A pilot study, where a representative of each category of research group was selected from the author’s professional network, was conducted. Each individual was asked for feedback on the questions posed. Doing this gave the author two advantages: the feedback could gauge A - the appropriateness of the questions in order to ensure they were not offensive or misleading, and B - the potential responses of the interviewees allowed the author to amend the questions in order to ensure the best data was captured when the full study was undertaken (Mikuska, 2017).
Qualitative data was coded thematically, with common themes being assigned a number to allow comparative analysis (Taylor and Gibbs, 2010). Quantifiable responses were classified by a numerical coding system, allowing answers to be easily inputted in to an electronic data repository. The data collected from the pilot study was coded and entered in to the electronic data repository so it could be analysed, allowing a comparison of initial data which was then utilised to understand the relationships of the data received (Mainz and Olesen 1997), thus ensuring the research was targeted to meet the aims and objectives set out.
The pilot study was a valuable exercise which allowed the researcher to make well-informed amendments to the interview questions. Changes were made in order to prevent misunderstandings and ensure the necessary quality of data could be collected.  The flow of the questions was also examined for instances where their order could have influenced the respondents’ answers. Following this pilot study, the interview was restructured in order to prevent questions relating to subject knowledge being preceded by suggestions or discussion of currently available technology and services. The pilot study also highlighted the fact that cost was an ambiguous research point, with each facility manager considering cost and value in different ways. 

3.4.2 Interviews with drone service providers 
Malhotra and Birks (2003) infer that qualitative interviews with industry experts help explore the nature of the research problem, allowing for the exploration of new ideas and the making of new connections, which in turn allows the researcher to become more attuned to the nature of the research problem. 
A more informal, non-structured interview was carried out with a selection of drone service business owners. Providers were selected from both rural and highly populated business areas, all of whom have the capability to provide services to businesses in Wales. The researcher targeted drone operator service businesses that were advertising themselves as specialists in applications relating to property and construction industries. The purpose of qualitative interviews with industry experts in this research was to gauge the availability of the technology, the types of services they currently provide and who they are supplying these services to. These interviews allowed the researcher to understand the capabilities and limitations of available services and how they can be deployed within the FM sector. 
A major European drone manufacturer was also contacted to enquire if development of units specifically for use in FM was currently a consideration among manufacturers, and, if not, which are the leading sectors forcing innovation in drone technology.

3.4.3 Ethical Considerations
Confidentiality was a key consideration when collecting research. The businesses and facility managers that participated were assured anonymity by the agreement that neither their name nor the name of their company would be disclosed in the research. The nature of the primary research meant that respondents would be questioned and probed in depth about subjects they spend little time reflecting upon on a daily basis (Malhotra and Birks, 2003), therefore the selected questions avoided areas which may cause any offence and prevent the flow of information from the respondent. Questions falling in to this category, such as those relating to turnover and budget, were removed. It is not felt that this omission affected the research in any way. 

3.5 Data analysis tools
To provide a clear analysis of the quantitative data that was collected it was decided that a computer software system would be required to allow cross tabulation. Cross tabulations provide a way of analysing and comparing the results for one or more variables with the results of another Defranzo. (2012). With the quantitative data being limited in this research, the Microsoft Excel package was more than capable of providing a platform to record and manipulate data for the purpose of presenting graphs for statistical analysis. The qualitative data was also entered in to the same data set. 

3.6 Literature selection

3.6.1 Systematic literature review 
“A systematic literature review attempts ‘to identify, appraise and synthesize all the empirical evidence that meets pre-specified eligibility criteria to answer a given research question’.” (Cochrane definition, 2013:1)
Due to the relatively new nature of the research subject (FM Global, 2017) and the potential limitation of material available, it was felt for the purposes of this study a systematic literature review focussing on drones in the facilities management industry was needed to allow a robust and reliable method of collecting research literature to be evidenced (Piper, 2013). The UWTSD library catalogue, which searches a variety of databases that include FM and Technology articles, was used as a search engine, searches were performed using the following key words: facilities management, drones, unmanned aerial vehicles and remotely piloted aircraft. Entering this search criteria in to the UWTSD catalogue returned no results at the time of this review (Sept 2017). However articles relating to other industries were easily obtainable: over 50 articles specifically on the use of drones in Agriculture; 40 for Mining and over 30 Construction. This total lack of academic writing identifies a gap linking case studies of the new technology to the FM sector. This limitation was a concern, as without reliable peer content to review there would be little evidence of how drones are actually being deployed in facilities management. As a secondary measure, Google Scholar was used to search for the same keywords as entered in to the UWTSD repository. This confirmed the distinct lack of available content and further highlighted the need for evidenced-based case study material on the subject. The interviews with drone service providers along with literature from transferable applications was used to understand the technological capabilities of drones and how they are or could be applied to FM.

3.6.2 Literature Review
“One of the most vital components of any research is the literature review: it sets the research in academic context, and assists with illustrating the rationale for conducting the investigation.” (Webster & Watson, 2002:48)
The literature review for this research was organised into four parts, firstly researching the topic of innovation and technology in facilities management. This allowed the researcher to gain an insight into the drivers of innovation in the sector, as well as how the industry accepts and applies new technology. This was followed by reviewing the subject of drones in general and investigating background issues such as recent market growth, restriction of use and capabilities now readily available due to recent technological advancements. The final two parts investigate drones as a commercial tool and drones in FM. The material reviewed in these sections allowed the research challenge to be placed in a contextual frame and linked to the project’s aim and objectives. 
The literature included in Chapter 2 and the data obtained from the interviews will be used together, in order to allow sound conclusions to be made. This may not provide a solution to increasing the uptake of innovative drone technology within the FM sector, but it will aid facility managers in making informed decisions on the best use of drone technology. It will also signpost drone service providers to how best to target and market their services, maximising the opportunities to increase their client base within the FM market. The conclusions from this study will form a framework that sets out the applications of drone technology that could support FM functions, creating a model that will match services to overcoming issues routinely encountered by facility managers.

3.7 Conclusion
There are clearly limitations to this research (Bjornavold, 1997); the main areas of concern are the sample frame size and the techniques applied and it could be argued no research design is without its limitations. A thorough pilot study was conducted and alternative practices sought through trial and error. The author believes the research methods applied in this study were the most appropriate to amassing the best value data in order to meet the research objectives. The next Chapter will interpret, analyse, discuss and present both primary and secondary research from this investigation.  





Chapter 4.0 Results and Discussion

4.1 Introduction
This chapter will present both primary and secondary data. Primary data has been gathered through semi-structured interviews with facility managers employed by businesses and organisations in Wales, and a more informal interview with a selection of businesses offering drone services to industries such as FM. Secondary data has been gathered through conducting a literature review of relevant scientific and technical articles. The results from the interviews are analysed, and the collected interview data is contextualised with regards to information gathered through the literature review. This can be seen in Chapter 2, where results are discussed with a view to showing how they fulfil the objectives set in the study. This chapter concludes with two models: one model has been created for knowledge transfer, to enable the transmitting of information from the professional and academic community to facility managers, allowing them to align potential drone services to suitable FM operations; the second model is also for knowledge transfer but will focus on the gaps between facilities managers, drone service providers and academic authors.  This conceptual model will cover the types of material required to empower facility managers to innovate work processes with drone technology and show how this information is best delivered to various sectors within the FM industry. 

4.2 Facilities managers’ awareness and comprehension of drones.   
Objective 1 was to investigate and ascertain facilities managers’ knowledge levels of drone technology and its applications. This section presents and discusses the research in relation to Objective 1. 
 Evidence from the interviews suggests facilities managers have limited awareness of drone technology (figure4.1): this echoed the results recorded from the drone service providers, who claimed FM professionals lacked knowledge of drone capabilities and applications. Interviewee D3 stated: “I don’t think property managers know the capabilities we have” (Interviewee D3 2018, pers.comm., 15 Feb). Interviewee D2 said: “The data we can capture can be used to proactively manage the built environment, but professionals don’t seem to be aware of what’s available and how to use it” (Interviewee D2 2018, pers.comm., 22 Feb). The facilities management service providers and SME groups were most aware of available drone technologies and how they can be used to improve safety, save costs and advance efficiencies over more traditional methods. This finding is shown in figure 4.1.  
[image: ]                  Figure. 4.1 Knowledge levels of facilities managers.
This lack of knowledge is consistent with (Cardellino and Finch, 2006) in that the FM sector is reluctant to seek out or research new technologies, despite the fact FM industry experts such as (Ehrenberg, 2015) believe, that innovation and the application of new technologies is essential to business success and survival, with new technology trends opening up new opportunities for FM services providers. Pivotal contributors to FM best practice such as (Alexander, 1992) and academic writers such as (Barker, 2014) have also advocated this point. The hesitancy of FM professionals to embrace new ideas could be due to confusion as to whether innovation planning falls under their remit (Goyal and Pitt, 2007) or concerns over the outcomes of implementing innovative strategies (Noor and Pitt, 2009). One must also consider the (Cardellino and Finch, 2006) argument that service industries provide non-tangible products that can be difficult to perceive, and this intangibility can pose particular barriers to innovation in services (Voss et al., 1992). FM is not alone in facing such difficulties: tourism is another example of a service industry struggling to adopt new strategies (OECD, 2006).
Aerial video recording was the only technology of which all interviewees were aware. The majority of their knowledge was gleaned from national media sources reporting on drone use, and via friends and family members using drones for personal enjoyment. Figure 4.2 represents the percentages of facility managers interviewed who were aware of the different aspects of drone technology. 
[image: ]Figure 4.2 The applications facility managers are aware of.
Facility managers who felt they were aware of drone technology most commonly linked drone application to FM through survey and condition report activities. Knowledge of specialist data collection services such as LIDAR and Thermography was restricted to the few interviewees that had a personal interest in drones or technology in general. Having not found any case study material on this subject in the literature review, it is hard to dismiss the facility managers’ hesitation to use these new, relatively untested methods. 
The literature review in Chapter 2 revealed a total lack of academic, peer-reviewed writing on the subject of drone use in the FM sector. A knowledge gap was identified between the drone service providers and facility managers. The drone service providers offered a large body of evidence on the practical application of drone technology, and showed consideration of the many ways in which their services could be used in FM. However, this study identified that their knowledge is not reaching FM professionals, as evidenced by the interviewees’ lack of drone application in a professional context. The author recognises knowledge transfer needs to flow both ways, with drone service providers having the understanding of current drone capabilities and facilities managers being instrumental to identifying areas in which they believe drones could have the most impact in their business. It appears that currently there is no channel for allowing this knowledge to be exchanged. A method needs to be established to align the drone services providers and facility managers’ knowledge bases to form a peer reviewed knowledge body. 
Through the interview process the author identified that professional and academic writing and practical demonstrations were acknowledged as essential methods of filling the knowledge gap. Facility managers were interested in understanding the capabilities of drones and how they could impact on their remits, but were often too busy to investigate innovative opportunities, instead choosing to continue with traditional methods in order to meet targets and service level agreements. (Interviewee FM4. 2018, pers.comm., 2 March) stated: “Contracts are priced tightly and therefore hiring an unknown entity like the services of a drone may not be a cost-effective way of completing routine maintenance tasks”. Similarly interviewee FM2 was not aware of drone capability and admitted to being very reactive, often leaving little time to focus on alternative solutions. Facility managers need to deliver results and keep core services running: there is no appetite for trial and error and new solutions or work practices need to be robust and guaranteed to deliver. 
Specialist FM service providers were some of the most knowledgeable on the subject of drone use, as seen in figureure 4.1. This finding could be linked to the fact that FM is their core business activity and they are seeking to improve their offering, whereas other industries such as public sector and direct labour organisations are more focussed on driving innovations relating to their core remits. 
The professional and academic writing on commercial drone applications reviewed in this study highlighted a varied range of conceptual and existing commercial uses for drones (Jiyoon, Solhee, & Kyo, 2018) and (Murray and Chu, 2015). However they appear not to have reached or failed to capture the imagination of facilities managers, leading them to consider how such services could be transferred to their sector. This may be because the articles do not relate to the FM sector or the channels used to disseminate them may not be suitable. Whatever the reason, FM is not sharing the transformation and positive benefits as seen in other industries that have adopted drone technology (Russon, 2015).
Facility managers were occupied with having to deliver in customer focused markets, and this pressure appears to lead to uncertainty when it comes to using new technology over tried and tested traditional methods. Lack of ‘buy in’ from senior management was also a factor, as they appeared to see proposals for drone use as a gimmick rather than a service to deliver a focused result with a cost effective, quality and time bound format. For example, (Interviewee FM6. 2018, pers.comm., 15 March) contributed: “I attempted to gain approval to obtain video footage of the site in order easily present the extent of the facilities managed by my department. My director would not permit it as they believed it wasn’t a required resource, I would struggle even more to peruse applications that were not tested or proven”. Interviewees FM1, 7 and 14 experienced a similar lack of buy in when requesting permission to try new technologies.  
Facility managers want to see a non-biased, reliable information source which explains how drones can be applied to assets in line with their responsibilities. When it comes to the method of delivering this information, facility managers are requesting easy to read evidenced electronic material, the SME and private sector showed a preference for being contacted by email, and the public and FM providers favoured conference demonstrations and journal articles. These preferences can be seen in figure 4.3.  
[image: ]	     Figure 4.3 How facilities managers prefer to learn of new technology. 
The research shows there is a varied supply of drone services readily available for the FM market (Preble, 2015) and (Joshi, 2017). Drone operators are indicating that FM customers form only a small part of their client base, making up just 10% of their total custom. Some drone operators reported that they were unsure of how to go about making ground in the FM sector. (Interviewee D5. 2018, pers.comm., 15 Feb) said: “I’m not sure how best to target new business, most of my current work comes from word of mouth.” When drone service providers were asked why they thought there was so little uptake in the FM sector lack of awareness was highlighted as a leading factor, with operators feeling that facilities managers did not grasp the full extent of the services they offered, or the benefits drones offer over more traditional methods. For example, (Interviewee D2. 2018, pers.comm., 22 Feb) stated: “Most of my services are supplied to construction industry and archaeologists, I have tried contacting businesses with large sites and portfolios that obviously need managing but it’s often hard to speak with the facilities manager as they are always busy, I feel the emails I send get left unread”. Drone operators explicitly stated they felt it was hard to make the right connections with FM professionals in order to advertise their services. More often than not, operators felt their emails to FM professionals were left unopened or deleted before being forwarded to those with responsibility for the associated works. 
Evidence from facility managers supports the need for a case study based, electronic media repository to show how drones can be used in settings akin to the portfolios under the responsibility of professionals in the FM sector. Such a repository could evidence the practical benefits and savings offered by using drone technology. Other formats of knowledge-sharing mentioned in a positive context by facility managers were drone demonstrations and journal articles on their uses. 
As detailed in section 2.6 there is a definable lack of academic writing or signposting from professional associations explaining how drones could be used in FM, detailing  the pros and cons of their deployment and explaining the savings that could potentially be made through their use. There is also a lack of evidence-based material highlighting how drones can improve the safety of various FM processes and speed up the resolution of maintenance issues. This was also highlighted by (Ebbesen, 2015) in a study that looked at the wider use of technology in FM. Lack of drone awareness has led to the industry not adopting this new technology. A reliable resource detailing available new technology is required. 
80% of the drone operators interviewed in the course of this research did not come from a trade related background and offered services in conjunction with the use of a member of the client’s team, who would offer guidance with regards to targeting areas for detailed inspection and fault diagnosis. The footage from flights tended to be the main product procured from the service. 94% of facility managers indicated that the expense of using a team member as well as an outside service agent was not an attractive option, preferring instead a service where a detailed analysis could be provided by an operator with construction knowledge and a skillset enabling them to detail solutions and create a plan of works. Drone operators with a construction background also felt being able to offer a diagnosis at the time of inspection was advantageous. (Interviewee D4. 2018, pers.comm., 26 Feb) said: “I have been in the building industry for 30 years and have 9 trade qualifications, I use a drone as a tool, I can not only use a drone to access an area usually requiring scaffolding / pole camera / helicopter / light aircraft / articulated boom lift. I can also diagnose an issue once I see it and then submit a quote for repair”.
Innovation is an essential key to success and business survival (Baker, 2014); implementation of new techniques and technologies allows companies to differentiate from their competitors. New technology can transform how facility managers deliver their services (Alexander, 1992) and there appears to be a rise in industry experts exhorting the sector to become more innovative. The author has identified there is a knowledge gap between facility management processes and the transferable application of drone technology. Facility managers are not aware of what drones are capable of, or of the ways in which their deployment could offer maximum benefits to their activities; drone service providers don’t know how to best target the FM sector. A two-way flow of knowledge sharing between drone service operators and facilities managers is fundamental for both parties being fully informed on the types of technology available and which services could be improved exponentially via the application of drones. This section completes Objective 1, ascertaining the facilities managers’ knowledge levels of drone technology and how such technology can be applied to commercial industries the next section will discuss and present how drones can be used in FM.

4.3 How drone technology is being used in FM.
This section answers Objective 2 and identifies how UAV technology is currently being used in FM industries. 
None of the interviewees had used drone technology in relation to facilities management activities. The reasons for this were split between interviewees either initially not believing drones could assist in their activities (which the author has described as a lack of knowledge) or because they did not have a budget for spending on “untested” innovative techniques to deliver services. This is represented below in figure 4.4. 
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Figure 4.4 Why facilities managers had not used drones. 
Two interviewees had inquired about procuring drone services for marketing purposes, and two interviewees’ businesses had used aerial video in advertising and presentation of project works. Both of these businesses operated in a heavily customer competitive market, where displaying capability and presentation of assets was emphasised.
The academic literature reviewed by the author argues that the FM sector is not keen to accept new technology (Cardellino and Finch, 2006) and (Goyal and Pitt, 2007). The evidence collected from the interviewees gels with the academic opinion, as none of the interviewees had used drones for FM applications and they initially believed drone technology could either not be applied or was not financially viable for their work processes. However, as the interviews progressed and available technology and potential applications were suggested by the author, facility managers seemed much more accepting of how drones could be applied to their work areas and went on to indicate areas in which they would consider using a drone. Figure 4.5 shows the areas where facilities managers who initially believed drones could not assist within their remit later decided the technology could be of use. 
[image: ]
Figure 4.5 Where could a drone be used within your remit?

If the influence of technology as suggested by (Meng, 2015) and the availability of drone services suggested by (Joshi, 2017) and (Thompson, 2015) are not being adopted by facilities managers, it could be argued that the knowledge gap discussed earlier in this chapter - which exists between what drones are capable of, and the awareness facilities managers have of their capabilities - is one of the leading factors for the lack of drone technology adoption by the sector. This study shows facility managers are keen to try innovative technology if it is proven to be beneficial and they have had the opportunity to discuss it with a knowledgeable party. 
76% of those interviewed said they strongly agreed drone technology could be used to improve services and that they would consider using a variety of applications seeking to make operations safer, save costs and speed up the process of maintenance activities. The proportion of those strongly agreeing can be seen in figure 4.6.
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Figure 4.6 Can drone technology improve FM services?

Those who did not strongly agree still believed drones could improve services, but were of the opinion that technology had not yet improved enough to go beyond visual applications, thus preventing them from suggesting further areas where drones could be used to deliver maintenance activities such as cleaning and painting or debris removal. All of the facility managers agreed they would consider using drone applications on their sites. The primary motivation for using such applications was split between safety, chosen by 65% of respondents, and cost, chosen by 82%. The SME group was heavily cost orientated and the FM group was more concerned with safety; the other two groups did not single out either safety or cost as the most important factor with regards to drone use. These trends seemed to be based on the interviewee’s ethics or the business’s ethos.
   [image: ]               Figure 4.7 Motivation for facility managers using drone technology. 

Both cost and safety were crucial factors, although some interviewees viewed the speed of resolution and impact on clients or service disruption as more important than the overall cost of works, but never more important than the safety of staff or stakeholders. 
76% of interviewees indicated they would consider having a drone as an in-house resource. The candidates that did not were aware of the cost, legislative requirements and risks when using drones for commercial purposes. One public sector body had initially invested in equipment to operate drones within their organisation, but later decided not to proceed when the CAA updated its guidance and the requirements of operating licenses. These changes resulted in the public body deeming the training of staff and the operation of drones as financially unviable (Interviewee FM3. 2018, pers.comm., 8 March) said: The investment required to set up an in-house drone operation may have not been fully considered by those indicating that such a resource was an option they would contemplate. 
When asked “how drones could be used in your area of work?” or “which work process could benefit from drone technology?”, the facilities managers’ answers were as a rule fairly predictable, with just one respondent really thinking outside of the box on how drones could be deployed. (Interviewee FM1. 2018, pers.comm., 1 March) contributed: 
	I would use drones for carrying out survey works of roof areas, or hard to reach 	wall areas, detailed mapping of sites with accurate measurements and heat 	losses through the building for energy saving, as technology improves I can see 	drones being  used to paint steel works and carry out minor repairs. This would 	be especially useful on tall steel and glass building such as the ones in my 	portfolio. 
Many answers to these questions consisted of immediately available technology, mainly around survey and maintenance inspection works; the responses are collated in figure 4.8. The applications where drones could be used were heavily based on the hard FM sector, for maintenance, repair and inspection activities.
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Figure 4.8 How could drones be used in your work area?

It was felt there was little to offer the soft FM market, despite evidence from (Preble, 2015) suggesting that applications for security and transportation currently exist. The rapid advancement of technology means drones could imminently also be used to complete some cleaning functions (Ibid, 2015), but these ideas were not mentioned or recognised by the managers interviewed for this research. The clear willingness to use drone technology in FM was a positive outcome of the interviews.
 The author believes that if drone technology was made available to staff currently tasked with maintenance and improvement activities for estate portfolios, they could use a drone as they would any other tool within their specialism to investigate faults and problematic areas. Having the technology immediately available would allow users to modify activities and trial new areas of use, even allowing them to adapt and invent new technology to deliver better results. Having equipment available would also allow sharing between trades and other FM disciplines, maximising the opportunity to exploit the potential applications of use. The innovation of drone technology as identified by (Russon, 2015) and (Joshi, 2017) in commercial operations does not appear to be happening in the FM sector. 
Following a discussion between the author and an operative from a maintenance and repair company, evidence of a drone being utilised to inspect projects in order to diagnose issues in hard to reach areas was noted. This allowed the company to provide its client with a detailed and guaranteed quotation of repairs at a fraction of the usual cost and time, in comparison to having to erect scaffolding and use traditional inspection methods. There was also the added value for the company of being able to visually present the exact problem to their client, and provide an analysis within days of the client’s initial request. The inspections on this occasion were conducted using a technician’s personal equipment, which was not registered for commercial purposes. Having seen the positive results of using a drone, the company’s management are now investigating the correct licensing and training in order to provide the service commercially and as part of their standard practice. (Interview with maintenance surveyor 2018, pers.comm., 20 March). 
This research suggested drones are not being used in the FM sector for the purpose of assisting or completing any FM related tasks. Facilities managers believed drones can positively impact and change the way they deliver their services and have even considered the option of investing in this new technology as an in-house resource. They appeared keen to apply this technology in order to save costs and improve safety. Facility managers did not appear to be thinking creatively about how this technology can be applied to their work activities. The author believes that addressing the lack of strong case study based material to explain the practical capabilities of drones, and how and where they can save money and improve safety, is critical for facility managers to learn about and gain the confidence to use this new technology in their industry. The next section will look at how drones can be applied to FM. 
4.4 The application of drones in facilities management.
This section answers Objective 3, exploring the ways in which drones could be utilised in FM and identifying drone applications that could be transferred from other industries.
The initial investigation in to businesses currently offering drone services in the UK and abroad confirmed the existence of a mass of providers with the capability to outsource drone services to UK FM and construction companies, supporting suggestions by (Joshi, 2017) and (Thompson, 2015) identified in the secondary research and the figures reported by the CAA (2018) relating to the number of businesses in possession of commercial drone operator licenses. Figure 4.9 shows the increase in business operations in the UK with commercial CAA permissions. 
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Figure 4.9 The number of CAA commercial licences granted from 2012 to April 2018. 

Current service provision can be grouped in to three main categories: visual inspection, specialist data collection and aerial video (film and photography). At present, drone operators are offering services across these categories, with the most popular applications currently sold to the commercial sector being videography, aerial photography and survey/inspection activities. The service providers interviewed reported that such applications in relation to FM were taken up by less than 10% of their client group, with services being used more frequently in archaeology and the construction sector. A number of businesses even stated that some corporate clients were outsourcing directly to dedicated drone operators rather than using their own FM provider for high level inspection and survey works, highlighting a potential loss of revenue for the FM providers (Interviewee, D2, 2018, pers.comm., 22 Feb).
Collated by the author, Table 4.1 shows applications covered by currently available drone technology. No such resource currently exists or was identified though the literature review and interviews with drone service providers. This list can be utilised by facilities managers to allow them to align drone services with FM activities. This list is not explicit and more opportunities, especially conceptual ideas, could be added. The table is populated with evidence found by the author in this study.  As suggested by (Bedici, 2017) the potential application of drones is limited only by the creativity of the people who control them.











Table 4.1 Drone applications currently available for the FM sector. 
[image: ]

When facility managers were asked where they best believed drones could be applied in FM the majority felt their impact would most benefit maintenance and inspection works; this can be seen in figure 4.10. Managers felt that a drone could improve access in many situations, helping them provide a quicker analysis of defects as well as recording detailed evidence that could be shown to budget-controlling stakeholders in order to justify the necessity of any potential works. High level inspection was the second most popular suggested activity, with respondents again citing speed of analysis at a reduced cost over rope access, scaffold access, or mechanical lifting systems. These same areas of application were highlighted within the literature review (Joshi, 2017) and by drone service providers (figure 4.11) where other commercial users had benefited from drone technology such as bridge surveying. (DuBose, 2016).
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Figure 4.10 Where do facilities managers believe drones offer the most potential?
[image: ]
Figure 4.11 Where do drone operators believe their services can be of most value to FM?
 
Thermography was the area where facility managers felt drones offered the least use. The drone service providers believed that this technology was a useful tool to locate building defects and highlight quick wins in energy efficiency improvements.  The lack of knowledge of such systems could be a contributor to the facilities managers’ not allocating value to thermography, but similar hand-held technology was also not actively being used when the interviewees were questioned. There could be a potential study to investigate linking this type of thermal imaging technology with improving the efficacy of buildings, or perhaps the appetite to invest in buildings to make environmental improvements of this type does not exist? As suggested in figure 4.12 facility managers did say that they would consider using drones for specialist data collection, such as thermography and quantifying technology. Videography, roof surveying and visual inspections were recorded as the drone applications facility managers were most likely to use. Drone technology linked with mapping was only selected by a third of the interviewees; many of the facility managers did not believe this function was within their remit.  
Technology with applications transferable to FM, as highlighted in the literature review (Thompson, 2015), was both conceptual and freely available but the evidence was often unproven; some articles that demonstrated proof of concept identified drone use as being more cost or environmentally efficient but lacked evidence as to how suitable the application was for the task (Jiyoon, et al.2018). It was noted in the secondary research that most relevant articles originated from professional magazines. As a rule, these articles did not appear evidenced based and were instead based on the authors’ own views and experiences. Given the fact much of this media is produced by operators and pro-drone industries like (Airdronecraze, 2017) it is easy to understand how readers can be skeptical and lack trust in the use of drones, choosing instead to continue with traditional methods. This observation was not only linked to drones. (Ebbesen, 2015) produced a study on technology in FM which highlighted that many conceptual solutions were not evidence based and methods used to support statements were not clearly outlined in many of the articles reviewed. The author recognised there could be serious limitations as to how effective drones are in certain situations, with questions such as how drones would perform in poor weather or against the updraft when inspecting tall buildings remaining unanswered. Drone operators suggested that the technology can and does perform to effective standards but there is no reputable body of evidence to support the drone manufacturers’ and operators’ claims.
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Figure. 4.12 Which activities would facilities managers consider using drones for?

There are over drone service providers available in Wales, as identified by the author through internet searches and by reviewing the CAA commercial permissions granted.  Drone applications suitable for a wide range of tasks linked to the FM sector, as highlighted in the author’s table 4.1, are also in existence. There is no real evidence base to prove how effective these drone services actually are, or to demonstrate the benefits they could bring. As identified in the secondary research, most of the material available for facility managers to use to make decisions on employing drone services is based on the authors’ own opinions and guided by drone manufactures and operators. Drones could be a tool to innovate FM services but further research is required to prove the technology is as capable as the current literature and service providers claim it is. The next section covers how to create and successfully distribute a knowledge resource to highlight how drones can be used in the FM industry. 






4.5 Aligning drone services to the FM industry 
This section responds to Objective 4 by discussing and developing a framework to align UAV applications to FM services and allow knowledge transfer between UAV operators and facility managers.
Through the author’s analysis of literature and data captured in this study, as presented earlier in this Chapter, it was identified that:
1. There is a knowledge gap between facility management processes and the transferable application of drone technology. Facility managers are not aware of what drones are capable of, or of the ways in which their deployment could offer maximum benefits to their activities; drone service providers did not know which services facility managers would most value. The author also identified a two-way flow of knowledge sharing between drone service operators and facilities managers as being key to both parties becoming fully informed on the types of technology available and which FM services could be improved exponentially via the application of drones.
2. There is no real evidence base to prove how effective drones actually are in terms of applications suitable for FM, or to demonstrate the benefits they could bring to the sector. Most of the material available for facility managers to research in order to make decisions on employing drone services relies upon the authors’ own opinions and is guided by drone manufactures and operators. Drones could be a tool to innovate FM services, but the author believes further research is required to prove drones are as capable as the current literature and service providers claim they are. Strong case study based material is required to explain to facility managers the practical capabilities of drones, and how they can save money and improve safety. The author also identified that there is a differentiated approach to knowledge dissemination and application between the FM sectors.
3. Drones are not being used in the FM sector for the purpose of assisting or completing any FM related tasks. Facilities managers believed drones can positively impact and change the way they deliver their services, and appeared keen to apply this technology in order to save costs and improve safety. However, facility managers were not thinking creatively about how this technology could be applied to their work activities. The author recognised that a body of knowledge and a conduit for delivery is required to promote drone application in FM.
4. There are over 20 drone service providers available to facility managers in Wales and a wide range of applications suitable for tasks linked to the facilities management sector already exist. Facilities managers were not aware of how drones can be applied and drone service providers were unsure of how to target facilities managers to promote their services. A framework is required to collate and display available applications of drone use to facilities managers, and show the best ways for drone service providers to target the FM sector. 

4.5.1 Knowledge transfer model
The author identified a disconnection between the bodies of knowledge held by professionals in the FM industry and that of the drone service providers concerning drone capabilities and FM work processes. This disconnection, highlighted in figure 4.13, prevents the flow of information between facilities managers and drone service providers. This conceptual model should be the basis of a solution agenda. This study recognised that facility managers and drone operators are experts in their respective fields, but there appears to be no way for these professionals to connect their separate bodies of knowledge in order to benefit both the FM sector and the drone industry. This creates a knowledge gap, leaving associates at opposite ends of the triangles knowing little about the capabilities or the requirements of the other.   
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Figure 4.13 Knowledge bodies and disconnection points.  

In order to connect these two knowledge bodies the author recognised that a knowledge transfer model would be required to fill the information gap and contribute positively to both the FM and drone operator sectors. The author also identified that simply forming a subject knowledge body was not the only component required to promote the use of drones in the FM sector; the knowledge body also needed to successfully connect with the respective parties. The evidence collected in this study and shown in section 4.2 demonstrated there was a differentiated approach to knowledge dissemination. Each of the FM sectors interviewed preferred different methods of information delivery. The knowledge transfer model designed by the author creates a path to generate a knowledge body and delivery conduit to supply information to facilities managers in the most relevant way. This model will contribute to both the drone and FM sectors and can be seen in figure 4.14. The knowledge gap needs to be filled with FM work processes and drone capabilities with transferable applications. Information needs to flow both ways to align the maximum benefits of using drone technology with improving FM work processes. The knowledge body created needs to be converted into impartial, evidenced based case study material showing how drones can successfully be integrated in to FM work processes, highlighting not only the advantages of their application but also the limitations of the technology and areas where drone use is not desirable or viable for FM purposes. In order for drone operators to reach FM professionals, the knowledge body then needs to be channelled via the most appropriate conduit to the FM sector targeted.
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Figure 4.14 Knowledge transfer model

In the case of this study, as detailed in Chapter 4.2, the SME group indicated they preferred to be contacted by email with evidenced based electronic media displaying focused results of how drone applications could save cost and speed up the resolution of reported defects. The FM specialists and public sector favoured conferences and demonstrations highlighting the practical advantages that would improve safety and lower operating costs; journal articles were also a close contender for information dissemination. The large organisations with direct labour teams did not show a preference and were happy to use both channels to be made aware of new and innovative drone technology.
The final chapter provides a conclusion to the study with a summary of the main points of the research and areas identified by the author for future research. 


Chapter 5.0 Conclusion and recommendations 
5.1 Summary of the main points of research 
The main aim of this study was to identify the current capability of drones in the context of the FM function, and evaluate whether these capabilities are understood and currently being applied by facility managers. This has been achieved through researching the objectives set for this study: 
1. Investigate the awareness and knowledge levels of facilities managers with regards to drones.
Facilities managers have limited awareness of drone technology; this was identified through the responses of the interviewees. The responses of the facilities managers echoed the thoughts and feelings of the drone service providers, who believed that facilities managers did not have sufficient drone technology knowledge to be able to apply and maximise the potential benefits the technology offers to improve their FM services. The knowledge that facilities managers did have of drone technology was of basic aerial imagery and gathered from seeing or reading about domestic drone uses. It was also identified that drone service providers did not fully understand the FM remit and which drone applications could be of the most value to facilities managers. 
There is a knowledge gap between facility management processes and the transferable application of drone technology. This knowledge gap is exacerbated by a lack of academic peer reviewed and professional writing. How can facilities managers find out about new and innovative technology if professional bodies such as the CAA and peer reviewed journals are not promoting such technology and its advantages? The author also identified that a two-way flow of knowledge sharing between drone service operators and facilities managers is fundamental for both parties becoming fully informed on the types of technology available and which FM services could benefit from drone technology.



2. Identify how drone technology is currently being used in the FM industry.
Drone technology is not being used in facilities management. There was no evidence in this research of drones being used in relation to facilities management work processes. Facilities managers were interested in the possibility of applying this type of new technology and could see potential benefits where their application could improve workflow and safety standards, and reduce costs. These views became more apparent as interviews progressed and applications in other commercial sectors were discussed. 
Academic literature reviewed in this study argues that the FM sector is slow to innovate or accept new technology. This study gathered evidence in support of this argument but the author believes that lack of knowledge was an important factor, as the facilities managers’ consideration for using drone technology became stronger as potential opportunities for drone deployment were discussed. Given time to reflect upon the knowledge gained in the interviews, the facilities managers began to make connections between transferable drone applications and their own individual work processes.
Facilities managers interviewed for this study appeared cautious when it came to applying new and untested technology within their remit, instead favoring proven traditional methods they knew could deliver the results required. There was an appetite for applying new technology such as drones, but to gain traction this appetite needs to be supported by robust evidenced based material highlighting the pros and cons of drone use whilst detailing the savings in costs and improvements in safety such technology could offer the FM sector. 

3. explore the ways in which drones could be utilised in FM and identify                                           applications that could be transferred from other industries.
Three main categories of drone technology are widely available for hire in Wales: visual inspection, specialist data collection and aerial video (film and photography). All these applications offer capabilities which could support FM services. The facilities managers interviewed indicated that drone applications would most benefit maintenance and inspection activities, helping them identify defects, plan works and record evidence. High level inspections and condition surveys were the next prevalent choice. Thermography was an area that facilities managers least believed that drone technology could support, although the drone service providers were of the opinion that this technology could have a beneficial impact on building standards, as well as reducing environmental impact. 
This study identified a distinct lack of resource material available to facilities managers which could allow them to make informed decisions on how drones could be used in the FM industry. The information that was available did not focus on facilities management and little was evidenced based. Through the investigation of transferable applications the author devised a table to capture immediately available drone technology and present the ways in which this technology could be utilised in the FM sector. Drones can almost certainly be used to support FM but further research is required to prove that it is a capable technology and answer questions raised over the limitations of its application.

4. Create a framework aligning drone services to applicable FM services, allowing knowledge transfer between drone operators and facility managers.
In researching the first three objectives it was discovered that a number of problems were impacting upon the potential deployment of drones in the FM industry:
	1. 	Drones are not being used in the FM sector for the purpose of assisting 		or completing any FM related tasks. 
	2.	There is a knowledge gap between facility management processes and 		the transferable application of drone technology.
3. 	There is no real evidence base to prove how effective drones actually are in relation to FM work processes, or to connect drone applications suited to FM activities and demonstrate the benefits they could bring to the sector. 
	4.	Most of the material available for facility managers to research in order 		to make decisions on employing drone services relies upon the authors’ 		own opinions and is guided by drone manufactures and operators.
	5.	There is a differentiated approach to knowledge dissemination and 		application between the FM sectors.
In order to overcome these problems, the author recognised that a knowledge transfer model was required to assist with creating a reliable resource aligning FM work processes and drone applications. This knowledge body then required a suitable conduit to flow through in order for it to reach its intended recipients, thus allowing facilities managers to make informed decisions on where drones could best serve them in supporting their work processes to reduce costs and improve safety and building performance. 

5.2 Future research 
This research could be described as exploratory, in view of its small sample size and the limited geographical area of Wales being targeted. But conducting a similar study using a larger evidence base would confirm the findings. Testing the method outside of Wales or focusing on facilities managers operating in densely populated areas could lead to different outcomes with regards to the ways FM professionals respond to innovative technologies. The study did not consider the influence of micro businesses or third sector organisations; it would be useful to see how feedback from these areas could contribute to the findings of this research.
The lack of research material demonstrating how effective drones are in the FM setting needs to be addressed; table 4.1 could be used to identify FM related drone applications so experiments could be conducted to prove drones are capable of supporting and improving services in the sector. This evidence could be used to fill the knowledge gap identified in this study; it would be useful to support peer reviewed journals highlighting the potential benefits of using drones in the FM environment and could signpost drone manufacturers and software developers to areas where improvements in and developments of the technology are required. The application of thermal imagery emerged as the subject causing the largest division of opinion between facility managers and drone service providers; an in-depth study looking at the use of this technology in general and focused on the FM setting would be helpful in resolving the debate as to how useful this application would be: if used in conjunction with a drone, would thermal imagery make the process of surveying buildings and identifying problem areas more efficient?
It was identified that the CAA offers support and guidance for both commercial and domestic drone use with regards to a range of ethical considerations. The CAA database does not contribute to the promotion of commercial drone services, and recorded just over 4,000 commercial licenses in April 2018 for drone operators. There is no way to interrogate this data other than by crudely scrolling down the date ordered list. There is no UK database available that allows potential customers to locate reputable and regulation compliant drone service providers suitable for their business needs. 
This study also identified that drone service providers were far more likely to reply to emails than facility managers. Although not linked to FM, a study investigating whether professionals involved with innovative technologies are more responsive to queries than professionals in more traditional sectors, and thus more likely to win opportunities to push their business forwards, could be advantageous in encouraging those in established sectors to take a similar tack.









5.3 Conclusion
Drones have transformed the way industries deliver services by reducing costs, revolutionising work practices and improving customer satisfaction. Drone technology also has the potential to instigate positive changes to the way facilities managers deliver their remit. 
This study has confirmed the following points: drones are not being utilised by the Welsh FM sector, despite the fact the technology could support a wide range of facilities management activities; there is a knowledge gap between facility management processes and the transferable applications of drone technology; commercial drone related material is available but the trend identified was that this information is not evidenced based and did not inspire potential users to adopt this innovative way of working. 
This study found that drones could revolutionise the way facilities managers deliver their services by improving safety, speeding up work processes, reducing costs and collecting data suitable for strategic decision making. These benefits would not only transform FM, but would positively affect the built environment by improving property condition and reducing environmental impacts. However, in order to encourage FM professionals to embrace drone technology more research is required to demonstrate exactly how drones can contribute to the sector, show what benefits could be expected from their deployment and to conclusively demonstrate whether drones are fit to serve facilities management.
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