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Abstract

:

With the economic restructuring during the 1980s and 1990s in Hong Kong, most manufacturing plants were relocated to China and many industrial buildings were left neglected or vacant. At the same time, owing to limited land supply, a shortage of affordable housing has been a problem in Hong Kong for many years. Adaptive reuse of industrial buildings may be a way of solving this problem. However, adaptive reuse is not an easy decision because there are many factors affecting adaptive reuse. Therefore, this paper examines the current situation of adaptive reuse of industrial buildings in Hong Kong and identifies a list of factors affecting the adaptive reuse of industrial buildings. Six factors are considered Critical Success Factors (CSFs). Based on a Principal Component Analysis, 33 factors are grouped into eight principal components, namely, sustainability, economics and finance, the market, changeability, location and neighborhood, culture and public interests, legal and regulatory matters, and the physical condition of the building. The identified CSFs and principal factors provide a useful reference for various stakeholders to have a clear understanding of the adaptive reuse of industrial buildings in Hong Kong, especially for the government to review current policies of adaptive reuse.
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1. Introduction


With industrial restructuring in Hong Kong, most manufacturing plants were relocated to South China during the 1980s and 1990s. This has led to a high vacancy rate in industrial buildings, as shown in Figure 1. Almost all industrial buildings in Hong Kong are privately owned. The term ‘industrial building’ normally refers to private industrial buildings. The private industrial buildings in Hong Kong are classified into four categories, including flatted factories (refers to “an industrial building of more than one story, usually with two or more goods lifts, and constructed or converted for multiple occupation. The building is sub-divided into small, separately occupied units which are used for manufacturing, assembly and associated storage” [1], industrial/office buildings, specialized factories, and storage. The stock in the flatted factories sector was 16,850,800 m2 at the end of 2015, which was around 70% of the total stock of industrial buildings in Hong Kong. The vacancy in the flatted factories sector accounts for around 85% of the total vacancy of industrial buildings in Hong Kong [2]. Therefore, the vacancy in the flatted factories sector is representative.) At the end of 2001, the vacancy of private flatted factories was 1,923,000 square meters, representing 10.9% of the total stock [2]. The completion rate of industrial buildings has been very low in recent years. The vacancy rate decreased due to the implementation of revitalization measures.



In Hong Kong, the revitalization of industrial buildings was proposed in the 2009–2010 Policy Address [3]. The Planning Department carried out a survey of existing industrial buildings from April 2013 to July 2014 and issued the “Report on 2014 Area Assessments of Industrial Land in the Territory.” The report stated that there is a total of 1448 existing private industrial buildings (IBs) in all 75 industrial areas, including 476 IBs within the “I” (Industrial), 788 IBs within “OU(B)” (Other Specified Uses (Business)), 21 IBs within “R(A)” (Residential (Group A)), 116 IBs within “R(E)” (Residential (Group E)), and 47 IBs within “CDA” (Comprehensive Development Area). From January 2001 to April 2015, 295.4 ha of industrial land was rezoned to “OU(B)” or other uses [4]. All these measures encourage the adaptive reuse of existing IBs to better match the market demand. Therefore, there is a need to examine the critical factors affecting the adaptive reuse of existing IBs in Hong Kong.



This need is becoming increasingly important, since buildings consume up to 30% of primary energy and are responsible for over 30% of anthropogenic greenhouse gas (GHG) emissions [5]. Greenhouse gas emissions (GGE) in Hong Kong were 43.1 million tons (CO2 equivalent) in 2012 (http://www.epd.gov.hk/) and Hong Kong is considered to be the largest producer of GGE per square meter in the world. At the same time, a housing shortage problem exists in Hong Kong due to the limited land for development [6]. Adaptive reuse of industrial buildings has a shorter delivery time compared with new buildings and this option also makes corresponding contributions to sustainable development, such as GGE reduction and waste reduction [7,8,9]. An awareness of the need for building adaptation is increasing around the world and relevant policies are becoming the main drivers, such as the ‘1200 Buildings Program’ in Melbourne [10], and the ‘Wholesale Conversion of Industrial Buildings’ scheme in Hong Kong [3]. Adaptive reuse projects can be found in the United States, Australia, and across the Asia Pacific region [11,12,13]. Therefore, instead of demolition and redevelopment, adaptive reuse of buildings should be considered by key stakeholders in order to meet sustainable development goals. The paper aims to: (1) examine the current situation of adaptive reuse of industrial buildings in Hong Kong; (2) identify CSFs affecting adaptive reuse of IBs in Hong Kong; and (3) group the factors into principal components by using Principal Component Analysis (PCA).




2. Literature Review


As with any established metropolis, with economic and social development, existing buildings can become obsolete or disused. These buildings can be demolished for redevelopment or considered for reuse, which was described as ‘urban ore’ [14]. There are various definitions of adaptive reuse. From these definitions, it can be seen that ‘adaptive reuse’ is a special form of refurbishment that converts existing buildings into other uses.




“Even more effective, rather than extracting these raw materials during demolition or deconstruction and assigning them to new applications, is to leave the basic structure and fabric of the building intact and change its use. This approach is called adaptive reuse”.



[15]






“A process that changes a disused of ineffective item into a new item that can be used for a different purpose”.



[11]






“Conversion of a building to undertake a modified change of use required by new or existing owners”.



[16]





A building’s operational and commercial performance will decrease over time until it is below the expectations of owners and occupiers alike [17]. In responding to declining performances, owners and occupiers have to make decisions to either demolish and rebuild or convert existing buildings into other uses. The residual utility and value of buildings could be optimized by adaptive reuse, and demolition can be avoided [18]. The residual lifecycle expectancy can be fully exploited by adaptive reuse and it achieves a sustainable use of buildings [19]. Adaptive reuse extends the building’s life and avoids demolition waste, encourages reuse of embodied energy, and embraces the different dimensions of sustainability, including economic, social, and environmental [20,21,22,23,24,25,26,27,28,29]. Adaptive reuse-related policies have already been implemented in some countries, such as the United States and Australia [15]. Governments are seeking possible ways to reduce the overall costs of continued urban development and expansion [11].



Adaptive reuse of buildings has been successfully applied in many cities and is seen as fundamental to sustainable development, e.g., in Atlanta, GA, USA [30], Canada [31], Australia [32], and Hong Kong [33]. Particularly in metropolitan cities in the USA, such as Los Angeles, New York ,and San Francisco, adaptive reuse of commercial buildings had become a popular strategy for regeneration [19]. In Australia, adaptive reuse of buildings has a major role to play in the sustainable development of Australian communities [11]. The City of Melbourne launched the “1200 Buildings Programme” in 2010, which will lead to 1200 building adaptations before 2020 (approximately 150 per annum) [34]. Eventually, the improvement of quality of life, revitalization of neighborhoods, enhancement of economic growth, reduction of resource consumption, and negative environmental impacts as well as the preservation of historical and cultural value are supposed to be achieved through the regeneration and adaptive reuse [19].



For adaptive reuse, governments play an active and important role in regulation and expanding stakeholder knowledge of sustainable development [35]. Adaptive reuse of existing buildings involves uncertainties and risks, especially with older buildings, but in some cases, higher returns can be made by innovative building renovation [26]. Adaptive reuse extends the lifespan of the building and reduces demolition waste and its carbon footprint. Therefore, green design principles should be integrated into the adaptive reuse design for maximum reuse of the existing building components [36]. Furthermore, Langston et al. [15] developed an adaptive reuse potential (ARP) model to rank existing buildings according to their adaptive reuse potential. Tan et al. [37] developed a fuzzy adaptive reuse selection model to help decision-makers assess different alternatives for the adaptive reuse of industrial buildings.



However, the limitations of adaptive reuse were also discussed by some scholars. For example, O’Donnell [38] states that few adapted buildings could match sustainability standards so that building owners could not see the economic benefits of adaptive reuse. Certainly, the performance of an adapted building can hardly compete with that of a new building; for example, there is a short life-cycle expectancy to the existing materials and high maintenance costs. With regard to the environmental performance, it is easier for new buildings to meet green standards, starting from the design stage [27]. Some building owners and practitioners are not even willing to consider adaptive reuse because there are many risks and uncertainties [27,39]. This is despite the fact that the advantages of adaptive reuse have been widely recognized and accepted. However, building owners, users, and practitioners, in reality, only support this sustainability strategy in a piecemeal manner within certain cities [40]. Therefore, there is a need to examine the factors affecting adaptive reuse of buildings and see what might be the key to changing resistant views.




3. Adaptive Reuse of Industrial Buildings in Hong Kong


With the relocation of traditional manufacturing plants to Mainland China, most industrial buildings in Hong Kong has been converted for other uses [41]. At the end of 2014, the vacancy of private flatted factories in Hong Kong was 959,000 square meters, with a vacancy rate of 5.6%. Furthermore, there are a total of 1448 industrial buildings in Hong Kong, and around 67% are now situated in non-industrial zones, as shown in Figure 2 [4]. Most of the industrial buildings are in good or fair condition, and are mainly used as warehouses, storage, and offices, as shown in Figure 3, Figure 4 and Figure 5. These buildings also have large floor plans high ceilings, a strong floor loading capacity, wide corridors, and large lifts [41].



However, the conversion of existing industrial buildings for other uses was slow between 2001 and 2009, and only three cases involved wholesale conversion. Consequently, the government issued a set of revitalization measures to facilitate the redevelopment and wholesale conversion of old industrial buildings starting in 2010 [42]. These measures have activated the conversion of industrial buildings, as shown in Table 1. High property prices result in non-compliant uses of industrial buildings in Hong Kong [42]. Adaptive reuse of existing industrial buildings provides a quick solution to the problem. Furthermore, the concept of sustainability can be extended to adaptive reuse of industrial buildings with innovative solutions in line with current building regulations [43]. For example, Chai Wan Factory Estate, constructed in 1959, was successfully converted into public rental housing (Wah Ha Estate), which is a good example of enhancing public awareness of heritage conservation and sustainable housing development [44].



However, there are still several challenges to the adaptive reuse of industrial buildings in Hong Kong [45]:



(a) Multiple ownership in flatted industrial buildings makes it difficult for all owners to reach a decision to convert or redevelop the buildings;



(b) Owners are deterred by the requirement to pay full market premium for lease modification for redevelopment to other uses, or full waiver fees in the event of conversion to other uses;



(c) Building owners may be reluctant to be the “first mover” to convert or redevelop their buildings for non-industrial uses before similar uses emerge in the neighborhood; and



(d) Owners may find it difficult to raise funds for redevelopment or conversion.



There is great potential for the adaptive reuse of existing industrial buildings in Hong Kong. However, there are many factors affecting adaptive reuse decisions [40,46,47,48]. For example, Wang and Zeng [49] (2010) used six criteria for reuse selection of historic buildings, including cultural, economic, architectural, environmental, social aspects, and continuity. Wilson (2010) [50] developed selection criteria for evaluating adaptive reuse of industrial buildings in Toronto, with five adaptive reuse characteristics, including environmental, location, legislative, financial, and market characteristics. Bullen and Love [51] (2011) identified the major drivers of and barriers to the adaptive reuse of buildings. Yap [52](2013) examined the adaptive reuse potential of industrial buildings in Hong Kong and identified six factors, including market needs, developer’s risk, micro-environment suitability, financial incentives, government guidelines, and regulatory relaxation. Kee [6] examined the opportunities and constraints in converting industrial buildings to residential units with four considerations, including planning regulation and government incentives, housing affordability, design and built environment considerations, and outline zoning plan considerations.



Based on this review, a list of factors for industrial building adaptive reuse is identified in Table 2.




4. Research Methodology


“Success factor,” as a concept, was initially developed by Ronald [56] and the process was refined into critical success factors by Rockart [57]. There are various definitions of Critical Success Factors (CSFs). Rockart [57] proposed that CSFs are “for any business, the limited number of areas in which results, if they are satisfactory, will ensure successful competitive performance for the organization [and] are the few key areas where ‘things must go right’ for the business to flourish.”



Boynlon and Zmud [58] defined the CSFs as “those few things that must go well to ensure success for a manager or an organization, and, therefore, they represent those managerial or enterprise areas, that must be given special and continual attention to bring about high performance. CSFs include issues vital to an organization’s current operating activities and to its future success.”



One of the strengths of CSFs is that they allow one to reduce a large number of factors into several manageable but ‘critical’ ones so that limited resources can be allocated and aligned effectively and efficiently to maximizing profits and optimizing overall outcomes. The CSFs approach has been widely used in many research domains, including construction management [59,60,61,62,63]. Therefore, the CSFs method is used in this study to help various stakeholders have a better understanding of industrial building adaptation in Hong Kong.



Principal Component Analysis (PCA) is one of the factor extraction methods and has been used in many applications due to its simplicity and efficiency in factor extraction. There are different rotation methods in the SPSS FACTOR program [64], including Equamax, Oblimin, Quartimax, and Varimax. The Equamax rotation method was selected for the analysis in this study because this method is a compromise between Varimax and Quartimax [65], and the results are more interpretable than the other methods [66].




5. Data Survey


Questionnaire surveys are chosen as the primary data collection mechanism as they are effective for learning about matters that cannot be directly observed [67]. Surveys were conducted with a variety of related professionals, such as surveyors, architects, planners, engineers, project managers, and academics, who were able to contribute to this study through their tacit and explicit knowledge of the adaptive reuse of industrial buildings.



A questionnaire survey was carried out in September 2015. A five-point Likert scale was used for the survey, where “5” denotes extremely important, “4” important, “3” average, “2” less important, and “1” negligible. Respondents were invited to indicate the importance of each factor identified in Table 2. Respondents were also encouraged to add factors that were not included in the original questionnaire. The respondents were registered professionals in the Hong Kong construction industry, including architects, engineers, surveyors, project managers, planners, etc. Overall, 310 questionnaires were distributed and 62 replies were received. The response rate of the survey is 20 percent, which is considered acceptable compared with the normal survey response rate in the local industry [62]. Based on preliminary analysis and data screening, 61 replies were considered valid and used in the analysis. The distribution of respondents’ professions, work experience, and experience in adaptive reuse projects is shown in Figure 6, Figure 7 and Figure 8.



The internal consistency of the collected data was tested using Cronbach’s alpha. The internal consistency is measured based on the average inter-item correlation. The Cronbach’s alpha coefficient of reliability ranges from 0 to 1. The internal consistency is considered acceptable if the Cronbach’s alpha value is greater than 0.7 [68]. The minimum Cronbach’s alpha coefficient of the collected data is 0.891, indicating good internal consistency for these factors.




6. Data Analysis and Discussion


6.1. Ranking Analysis


The ranking of means is shown in Table 3. Six factors are identified as CSFs with a mean value above 4. These CSFs are discussed as follows.



Rank No. 1. According to Table 3, Market demand (F11) is ranked as the most important CSF for industrial building adaptation, with a mean value of 4.43. This indicates that market demand is the major driver of the adaptive reuse of industrial buildings in Hong Kong. Adaptive reuse provides a fast way to meet increasing demand [41]. There are some examples reflecting the increasing demand, such as the Outline Zoning Plans (OZPs) of S/K13/26 of the Kowloon Bay and Ngau Tau Kok areas [52]. Another driver is the commitment to sustainability, with the need to reduce existing buildings’ negative impact on the environment [69,70]. In the 2009–10 Policy Address, the Chief Executive outlined the direction and plans for the development of six priority industries where Hong Kong has clear advantages. These six industries include medical services, education services, environmental industries, innovation and technology, testing and certification, and cultural and creative industries [3] (HKSAR, 2009). There will be an increasing demand for office spaces from these knowledge-based industries. Adaptive reuse of existing industrial buildings would be one solution to the rising demand.



Rank No. 3. Land lease control (F30) is the third most important CSFs for the adaptive reuse of industrial buildings, with a mean value of 4.18. In Hong Kong, all land is owned by the government and leased to users for different uses and development at a premium with lease conditions. Owners need to pay a full market premium for lease modification. This is one of the challenges for private owners concerning the adaptive reuse of industrial buildings [6]. For land lease control, the Land Department has issued relevant Practice Notes to streamline the adaptive reuse applications of industrial buildings. In a Legislative Council paper “Revitalisation of Industrial Buildings” dated July 2013, the Development Bureau stated, “From the land lease perspective, wholesale conversion of an existing industrial building for “transitional accommodation” use could be effected through application for special waiver”, but “In the light of the problems outlined above, and taking into full account need to protect the well being of residents, we consider the option of ‘transitional accommodation’ not practicable ” [42]. Therefore, the government should consider relaxing the regulations on the adaptive reuse of industrial buildings in terms of land lease control.



Rank No. 4. Location, transportation, and accessibility (F02) is ranked as the fourth CSF. Location is considered one of the most important factors for developers [71]. Adaptive reuse projects are similar to new developments in terms of location. The considerations related to the location of adaptive reuse projects include the quality of the environment, safety and security, surrounding land uses, views, accessibility to services and transportation, and convenience of vehicle parking [72]. In Hong Kong, many industrial buildings are located in urban areas with good access and connectivity; some have good harbor-front views [42]. Some industrial buildings have location advantages, such as public transportation, retail, and community facilities. Therefore, the adaptive reuse potential of industrial buildings in Hong Kong is quite high.



Rank No. 5. Conversion cost and lifecycle cost (F15) is ranked as the fifth CSF. Cost is always an important concern for owners or developers for either new development or adaptive reuse. Compared with new development, adaptive reuse extends the useful life of existing buildings with lower costs in relation to materials, transport, energy, and pollution [25]. For adaptive reuse projects, there are still some uncertainties throughout the construction period, and appropriate assessments should be made to reduce additional costs in conversion [50]. However, adaptive reuse will not completely match a new building in terms of performance, and the life expectancy of an existing building is normally lower than that of a new building. The adapted building will have higher ongoing maintenance costs than a new building [73]. Therefore, lifecycle cost analysis is necessary for making effective decisions between adaptive reuse and demolition. Bullen and Love [40] pointed out that “When examining an array of building options, the building condition, scope of refit, overall cost saving, value of the building and land should be all considered for the purposes of a cost-benefit analysis.”



Rank No. 6. Official plan & zoning (F29) is ranked as the sixth CSF, with a mean value of 4.02. Adaptive reuse of existing industrial buildings may require zoning consent [37]. Changing from “Industrial” use to “Other” use is considered one of the difficulties in the adaptive reuse of industrial buildings in Hong Kong. The change of land use zoning may take a long time, which would increase the project risk [52]. There are two statutory planning controls in Hong Kong, including the Outline Zoning Plan under the Planning Department and the Building Ordinance under the Buildings Department. To encourage adaptive reuse of industrial buildings, the Town Planning Board has rezoned the suitable industrial areas from “Industrial” zones to “Other Specified Uses (Business)” zones since 2001. Most existing industrial buildings are now situated in non-industrial zones and the distribution of industrial buildings [4]. There is a need to streamline the application process and provide flexible re-zoning mechanisms for the adaptive reuse of industrial buildings.




6.2. Principal Component Analysis


For the extraction of individual factors, the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy and Bartlett’s Test of Sphericity are normally used [74]. The test results are shown in Table 4. The value of the test statistic for Bartlett’s sphericity is large (chi-square value 1139), the p-value is 0.000, and the value of the KMO is 0.638, which is greater than 0.5 and thus acceptable [74]. The result indicates that the correlation matrix has a mediocre degree of common variance [64]. Therefore, the sampling in this study is adequate for factor analysis.



With the collected data, factor extraction by the principal component method was conducted using the SPSS computer package. As a result, the 33 factors were grouped into eight principal components (explaining 73.96% of the cumulative total variance), as shown below:




	(1)

	
Principal Component 1 Sustainability



F23 Site layout and accessibility



F24 Material consumption



F25 Construction waste, noise, pollution



F26 Energy efficiency



F27 Environmental impacts



F28 Green design




	(2)

	
Principal Component 2 Economics & governance



F13 Commercial risk and uncertainty



F14 Financial incentives



F15 Conversion cost and lifecycle cost



F32 Ownership of building



F33 Government incentives




	(3)

	
Principal Component 3 Market



F11 Market Demand



F12 Source of finance




	(4)

	
Principal Component 4 Ease of adaptation



F6 Space layout



F8 Condition of services & systems



F9 Functional changeability



F10 Technological difficulties




	(5)

	
Principal Component 5 Location & neighborhood



F2 Location, transportation and accessibility



F18 Compatibility with existing surroundings



F21 Status of neighborhood



F22 Adequacy of public facilities




	(6)

	
Principal Component 6 Culture & public interests



F19 Preservation of history and culture



F20 Health and safety concern



F17 Public interest and support




	(7)

	
Principal Component 7 Legal & regulatory



F1 Vacancy rate



F29 Official plan & zoning



F30 Land lease control



F31 Building ordinance/regulations (plot ratio, fire safety, acoustic and thermal insulation,



Daylight, escalators, etc.)




	(8)

	
Principal Component 8 Physical condition of building



F3 Current use of buildings



F4 Building age



F5 Architectural, structural and material conditions



F7 Condition of external fabric and finishes



F16 Project timeline









6.2.1. Sustainability


The built environment accounts for 40% of world materials usage, 40% of greenhouse gas emissions, and a third of the energy consumed by the world economy [75]. The building-in-use stage contributes 80–90% of the lifecycle energy usage in buildings, of which embodied energy contributes 10–20% [76]. Compared to new building construction, the adaptive reuse of industrial buildings generates less construction waste and makes corresponding contributions to greenhouse gas reduction [37]. Adaptive reuse of buildings can contribute to sustainability and climate change through the mitigation of CO2 emissions [27]. The concept of sustainability can be extended to innovative adaptation of industrial buildings with creative solutions in line with current building legislation [43]. Policy initiatives could be deployed to encourage sustainable outcomes of building adaptation [23]. For example, new applicants are encouraged to obtain certification by the BEAM Plus for wholesale conversion of industrial buildings [77]. Therefore, adaptive reuse with application of green concepts will be a better solution for vacant buildings in cities.




6.2.2. Economics and Governance


The economic viability of new use is one of the barriers to successful adaptive reuse. There are some risks and uncertainties of adaptive reuse, such as the discovery of latent problems and defects [51], which may be very expensive if remedial work is needed. Building owners may not see any economic benefit to updating buildings to meet sustainability standards [38]. The capital investment could be very high in order to meet the existing building regulations, such as fire safety [52]. Therefore, financial incentives could be a driver of adaptive reuse [78]. In Hong Kong, industrial building revitalization measures were implemented in 2010. One measure is “Allowing owners to apply at a nil waiver fee for change of use of existing industrial buildings for the lifetime of the building or the current lease period, whichever is earlier. These industrial buildings should be aged 15 years or above and situated in “Industrial”, “Commercial” or “Other Specified Uses (Business)” (“OU(B)”) zones” [77]. To encourage the adaptive reuse of industrial buildings, the government should review the current policies and develop attractive financial incentives.




6.2.3. The Market


The market demand is related to the potential need of adaptive reuse of industrial buildings. Hong Kong is a densely populated city and has a shortage of suitable land for housing. A housing shortage, especially of affordable housing, has existed in Hong Kong for decades [79]. Due to the high property sale and rental prices and long waiting lists for public housing, many people live in private-sector sub-divided units with poor hygiene conditions and high fire risk [6]. The demand for offices from service-based and knowledge-based industries are rising [52]. The market demand is there. Adaptive reuse can provide a fast solution for the office and housing shortage problem. However, financial uncertainty makes it more difficult for developers to secure financial backing on adaptation projects [26]. Sufficient financial resources are important to the success of an adaptive reuse project, especially for large, complex buildings. New financing methods, such as Public–Private Partnerships (PPP), should be considered to reduce the financial risks of adaptive reuse projects in the future.




6.2.4. Ease of Adaptation


Adaptive reuse refers to the change the use of existing buildings for other uses than they were originally designed for. Space layout, condition of services and systems, functional changeability, and technological difficulties should be fully assessed [48].



For example, not every façade of an industrial building has windows that can meet the requirements for residential purposes. The conversion works would involve substantial alterations, which would be costly. Therefore, the conversion of industrial buildings for “Transitional Accommodation” use is not usually practical at the current stage when considering the need to protect the well-being of residents [77]. However, the adaptive reuse potential of existing industrial buildings for other uses, such as commercial offices, is still high because most industrial buildings are in good or fair condition [41]. Furthermore, new innovative and green technologies can and should be used when changing existing buildings to other uses. Relevant codes of practice and standards should be developed for the adaptive reuse of buildings.




6.2.5. Location and Neighborhood


The location of buildings has long been considered the most important factor for property development. There are four factors in this principal component, including location, transportation and accessibility, compatibility with the existing surroundings, the status of the neighborhood, and the adequacy of public facilities. Most industrial buildings in Hong Kong are located in urban areas with good and improving access and connectivity [77]. The public transportation systems are well developed in Hong Kong, such as Mass Transit Railway (MTR), buses, and ferries. Many industrial buildings in Hong Kong have mixed-use ownership/tenancies. Whole conversion of industrial buildings can facilitate the revitalization of surrounding neighborhoods and change the current image and economy of the district [15,52]. Public amenities, facilities and spaces, such as public parks, and public parking, schools, and hospitals should be carefully planned for adaptive reuse projects [6]. The government should encourage more whole conversion projects that can better utilize current public facilities and revitalize the neighborhood.




6.2.6. Culture and Public Interest


Older buildings can contribute to the culture of a society and preservation of these buildings can maintain their intrinsic heritage and cultural values [15]. Adaptive reuse can retain existing factory blocks and promote heritage conservation [6]. Some old industrial buildings are witnesses to the history of manufacturing in Hong Kong. On the negative side, non-compliant usage of industrial buildings is widespread in Hong Kong and fire safety is a major concern [42]. For the safety of occupants, contamination assessments should also be carried out for adaptive reuse projects [6]. Public interest and support are also important for promoting adaptive reuse. Public participation is important to get a community consensus view in support of building adaptation and optimize the building utilization after conversion. For the preservation of local culture, designers should consider how to integrate new elements into the existing culture, which is also a challenge for designers.




6.2.7. Legal and Regulatory Matters


In Hong Kong, there are three types of development control: planning, building, and lease control. For the adaptive reuse of industrial buildings, the change of zoning from “Industrial” to “Other” uses is the first step. In Hong Kong, the re-zoning of the industrial areas started in 2001. Up to April 2015, about 200.3 ha and about 95.1 ha of “I” land was re-zoned to “OU(B)” and other non-industrial uses respectively [4]. This encourages more applications for the wholesale conversion of industrial buildings. For building control, the new use of the building should meet the requirements of the existing Building Ordinance. For example, the provision of natural lighting and ventilation is required for domestic buildings, and most industrial buildings do not meet these requirements. A change of regulations is not easy and is subject to the approval of the Legislative Council. Therefore, there is a need to find other possible solutions to meet the requirements of the existing Building Ordinance. For lease control, the government has implemented some measures to streamline the application process and allow tailor-made lease modifications. Further relaxation of the relevant regulations and more flexibility in land use should be considered by the government [52].




6.2.8. Physical Condition of Building


Factors in this group are mainly relating to the physical characteristics of a building, such as building age, current usage, architectural, structural and material conditions, condition of external fabric and finishes, and project timeline. The physical conditions of older buildings vary and the costs of reusing them will also differ. The assessment of a building’s physical condition is important and should involve a detailed survey of the building. The deteriorated structure and fabric of buildings may require high levels of maintenance and repair, which may result in high capital cost. In this case, adaptive reuse may not be a viable option [51]. In Hong Kong, most industrial buildings are relatively young and in fair structural condition, as shown in Figure 3 and Figure 4 [4]. Most industrial buildings are for mixed use. Adaptive reuse of these buildings should mostly meet the market needs and optimize the utilization of spaces. The project timeline is also important for the success of reuse because a long project timeline increases the risks for developers [52]. A detailed survey and assessment of existing buildings should be made in a timely manner, to avoid time overruns of adaptation projects. The government should consider providing relevant consulting services on the assessment of existing buildings to building owners who are interested in the adaptive reuse of buildings.






7. Conclusions


With the transformation of Hong Kong’s economic structure over a period of 30 years, most manufacturing factories in Hong Kong were moved to China. This resulted in many of the existing industrial buildings being obsolete or under-utilized. However, most industrial buildings in Hong Kong are relatively young and in fair condition. Also, building adaptation provides an effective and sustainable solution for re-using these industrial buildings. Thus the useful building lifespan can be further extended through adaptive reuse to meet the increasing market demand from other sectors, such as service-based industries. In support of this transition, the Hong Kong government has implemented a set of revitalization measures to encourage the wholesale conversion or redevelopment of existing industrial buildings. However, the adaptive reuse of industrial buildings is affected by many factors, such as town planning zone allocation, building regulations, building age, current use, and accessibility. Thus, prior to this study, there has been a need to identify and examine the critical factors affecting adaptive reuse.



Based on a questionnaire survey, six critical success factors are identified, including market demand; building ordinance/regulations; land lease control; location, transportation and accessibility; conversion cost and lifecycle cost; and official planning and zoning. Government, building owners, investors, and other parties can focus on these critical factors in future adaptive reuse practices. Furthermore, the 33 factors are grouped into eight principal components by using factor analysis. The findings provide a useful reference for various stakeholders to make better decisions on the adaptive reuse of industrial buildings in Hong Kong. In future research, case studies and comparative studies in other countries/jurisdictions can explore more innovative and sustainable solutions for the adaptive reuse of buildings.







Author Contributions


Y.T. designed the study and drafted the manuscript. C.S. contributed to the data analysis and writing of the manuscript. T.W. contributed to the literature review, questionnaire design and data collection.




Funding


This research was partially supported by the Departmental Research Fund (Project No.: 4-ZZDX) of the Department of Building & Real Estate, The Hong Kong Polytechnic University.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Parsons, G. (Ed.) The Glossary of Property Terms; Estates Gazette: London, UK, 2004. [Google Scholar]

	



Rating and Valuation Department, The Government of Hong Kong Special Administrative Region. Hong Kong Property Review; Rating and Valuation Department of HKSAR: Hong Kong, China, 2005–2015.

	



Hong Kong Special Administrative Region (HKSAR). HKSAR 2009-10 Policy Address: Breaking New Ground Together. 2009. Available online: http://www.policyaddress.gov.hk/09-10/eng/index.html (accessed on 12 October 2016).

	



Planning Department, The Government of Hong Kong Special Administrative Region. Report on 2014 Area Assessments of Industrial Land in the Territory. 2015. Available online: http://www.hkctc.gov.hk/en/doc/PlanD_Report.pdf (accessed on 12 October 2015).

	



Nagy, Z.; Rossi, D.; Hersberger, C.; Irigoyen, S.D.; Miller, C.; Schlueter, A. Balancing envelope and heating system parameters for zero emissions retrofit using building sensor data. Appl. Energy 2014, 131, 56–66. [Google Scholar] [CrossRef]

	



Kee, T. Adaptive Reuse of Industrial Buildings for Affordable Housing in Hong Kong. J. Des. Built Environ. 2014, 14, 1–14. [Google Scholar]

	



Langston, C. Green Adaptive Reuse: Issues and strategies for the built environment. In Proceedings of the First International Conference on Sustainable Construction and Risk Management, Chongqing, China, 18–20 July 2010; Wu, D., Xu, M., Eds.; Volume 2, pp. 1165–1173. [Google Scholar]

	



Kim, G.; Miller, P.A.; Nowak, D.J. Urban vacant land typology: A tool for managing urban vacant land. Sustain. Cities Soc. 2018, 36, 144–156. [Google Scholar] [CrossRef]

	



Juan, Y.K.; Cheng, Y.C.; Perng, Y.H.; Castro-Lacouture, D. Optimal Decision Model for Sustainable Hospital Building Renovation—A Case Study of a Vacant School Building Converting into a Community Public Hospital. Int. J. Environ. Res. Public Health 2016, 13, 630. [Google Scholar] [CrossRef] [PubMed]

	



Wilkinson, S.J.; Reed, R. Examining and quantifying the drivers behind alterations and extensions to commercial buildings in a central business district. Constr. Manag. Econ. 2011, 29, 725–735. [Google Scholar] [CrossRef][Green Version]

	



Department of Environment and Heritage (DEH). Adaptive Reuse: Preserving Our Past, Building Our Future; Department of Environment and Heritage: Canberra, Australia, 2004.

	



UNESCO. Asia Conserved: Lessons Learned from the UNESCO Asia-Pacific Heritage Awards for Culture Heritage Conservation (2000–2004); UNESCO Bangkok: Bangkok, Thailand, 2007. [Google Scholar]

	



Carroon, J. Sustainable Preservation: Greening Existing Buildings; John Wiley & Sons: Hoboken, NJ, USA, 2010. [Google Scholar]

	



Chusid, M. Once Is Never Enough. Building Renovation 1993, Mar-Apr, 17–20. [Google Scholar]

	



Langston, C.; Wong, F.K.W.; Hui, E.C.M.; Shen, L.Y. Strategic assessment of building adaptive reuse opportunities in Hong Kong. Build. Environ. 2008, 43, 1709–1718. [Google Scholar] [CrossRef]

	



Douglas, J. Building Adaptation; Butterworth-Heinemann: Woburn, UK, 2002. [Google Scholar]

	



Häkkinen, T. Assessment of indicators for sustainable urban construction. Civ. Eng. Environ. Syst. 2007, 24, 247–259. [Google Scholar] [CrossRef]

	



Hoyt, T.; Arens, E.; Zhang, H. Extending air temperature setpoints: Simulated energy savings and design considerations for new and retrofit buildings. Build. Environ. 2015, 88, 89–96. [Google Scholar] [CrossRef][Green Version]

	



Bullen, P.A.; Love, P.E.D. Residential regeneration and adaptive reuse: Learning from the experiences of Los Angeles. Struct. Surv. 2009, 27, 351–360. [Google Scholar] [CrossRef]

	



Johnstone, I.M. An actuarial model of rehabilitation versus new construction of housing. J. Prop. Financ. 1995, 6, 7–26. [Google Scholar] [CrossRef]

	



Campbell, J. Is your building a candidate for adaptive reuse? J. Prop. Manag. 1996, 61, 26–30. [Google Scholar]

	



Highfield, D. Refurbishment and Upgrading of Buildings; E & FN Spon: London, UK, 2000. [Google Scholar]

	



Ball, R.M. Reuse potential and vacant industrial premises: Revisiting the regeneration issue in Stoke-on-Trent. J. Prop. Res. 2002, 19, 93–110. [Google Scholar] [CrossRef]

	



Bromley, R.D.F.; Tallon, A.R.; Thomas, C.J. City center regeneration through residential development: Contributing to sustainability. Urban Stud. 2005, 42, 2407–2429. [Google Scholar] [CrossRef]

	



Douglas, J. Building Adaptation, 2nd ed.; Butterworth-Heinemann: Woburn, UK, 2006. [Google Scholar]

	



Shipley, R.; Utz, S.; Parsons, M. Does adaptive reuse pay? A study of the business of building renovation in Ontario Canada. Int. J. Herit. Stud. 2006, 12, 505–520. [Google Scholar] [CrossRef]

	



Bullen, P.A. Adaptive reuse and sustainability of commercial buildings. Facilities 2007, 25, 20–31. [Google Scholar] [CrossRef]

	



Love, P.E.D.; Bullen, P.A. Toward the sustainable adaptation of existing facilities. Facilities 2009, 27, 357–367. [Google Scholar] [CrossRef]

	



Wilkinson, S.J.; Remoy, H.; Langston, C. Sustainable Building Adaptation: Innovations in Decision-Making; Wiley-Blackwell: Hoboken, NJ, USA, 2014. [Google Scholar]

	



Newman, H.K. Historic preservation policy and regime politics in Atlanta. J. Urban Aff. 2001, 23, 71–86. [Google Scholar] [CrossRef]

	



Brandt, M. How to adaptively reuse a community asset? Herit. Mag. Herit. Can. Found. 2006, 9, 21–22. [Google Scholar]

	



McLaren, P. Adaptation and Reuse, Monuments and Sites Australia: Australia ICOMOS; Sri Lanka National Committee of ICOMOS: Colombo, Sri Lanka, 1996; pp. 170–176. [Google Scholar]

	



Langston, C.; Shen, L.Y. Application of the adaptive reuse potential model in Hong Kong: A case study of Lui Seng Chun. Int. J. Strateg. Prop. Manag. 2007, 11, 193–207. [Google Scholar]

	



C40 Cities. 1200 Buildings Programme. 2012. Available online: http://www.c40.org/case_studies/1200-buildings-program (accessed on 15 September 2015).

	



Kincaid, D. Adaptability potentials for buildings and infrastructure in sustainable cities. Facilities 2000, 18, 155–161. [Google Scholar] [CrossRef]

	



Fournier, D.F.; Zimnicki, K. Integrating Sustainable Design Principles into the Adaptive Reuse of Historical Properties; US Army Corp of Engineers, Engineer Research and Development Center: Vicksburg, MS, USA, 2004.

	



Tan, Y.T.; Shen, L.Y.; Langston, C. A fuzzy approach for adaptive reuse selection of industrial buildings in Hong Kong. Int. J. Strateg. Prop. Manag. 2014, 18, 66–76. [Google Scholar] [CrossRef]

	



O’Donnell, C. Getting serious about green dollars. Prop. Aust. 2004, 18, 1–2. [Google Scholar]

	



Remoy, H.T.; van der Voordt, T.J.M. A new life: Conversion of vacant office buildings into housing. Facilities 2007, 25, 88–103. [Google Scholar] [CrossRef]

	



Bullen, P.A.; Love, P. The rhetoric of adaptive reuse or reality of demolition: Views from the field. Cities 2010, 27, 215–224. [Google Scholar] [CrossRef]

	



Legislative Council, Hong Kong Special Administrative Region. Background Brief on Revitalization of Industrial Buildings, LC Paper No. CB(1)1909/10-11(07), Panel on Development–Meeting on 20 April 2011. Available online: http://www.legco.gov.hk/yr10-11/english/panels/dev/papers/dev0420cb1-1909-7-e.pdf (accessed on 12 October 2015).

	



Development Bureau, The Government of Hong Kong Special Administrative Region. Optimising the Use of Industrial Buildings to Meet Hong Kong’s Changing Economic and Social Needs. 2010. Available online: http://www.devb.gov.hk/industrialbuildings/eng/home/index.html (accessed on 12 October 2015).

	



RICS. Industrial Buildings–Strategic Review of Issues Associated with Conversion for Adaptive Reuse; Royal Institution of Chartered Surveyors (RICS): London, UK, 2009; Available online: http://www.ricsasia.org/downloadFile.php?id=248 (accessed on 12 October 2015).

	



Hong Kong Housing Authority. 2013. Available online: http://www.housingauthority.gov.hk/mini-site/hasr1516/en/common/pdf/09-Case_Study_2.pdf (accessed on 25 June 2018).

	



Legislative Council Brief. Optimising the Use of Industrial Buildings to Meet Hong Kong’s Changing Economic and Social Needs (File Ref.: DEVB(DOO)7-01). 2009. Available online: http://www.legco.gov.hk/yr09-10/english/panels/dev/papers/dev1027-devbdoo701-e.pdf (accessed on 12 October 2015).

	



Murtagh, W.J. Rehabilitation and Adaptive Use, Keep Time: The History and Theory of Preservation in America; John Wiley & Sons: Hoboken, NJ, USA, 2006. [Google Scholar]

	



Wang, J.G.; Jiang, N. Conservation and adaptive reuse of historical industrial building in China in the post-industrial era. Front. Archit. Civ. Eng. China 2007, 1, 474–480. [Google Scholar] [CrossRef]

	



Langston, C. The sustainability implications of building adaptive reuse (keynote paper). In Proceedings of the CRIOCM2008, Beijing, China, 31 October–3 November 2008; pp. 1–10. [Google Scholar]

	



Wang, H.J.; Zeng, Z.T. A multi-objective decision-making process for reuse selection of historic buildings. Expert Syst. Appl. 2010, 37, 1241–1249. [Google Scholar] [CrossRef]

	



Wilson, C. Adaptive Reuse of Industrial Buildings in Toronto, Ontario Evaluating Criteria for Determining Building Selection. Master’s Thesis, Queen’s University Kingston, Kingston, ON, Canada, 2010. [Google Scholar]

	



Bullen, P.A.; Love, P.E.D. Factors influencing the adaptive re-use of buildings. J. Eng. Des. Technol. 2011, 9, 32–46. [Google Scholar] [CrossRef]

	



Yap, K.K. Industrial Building-Exploring Its Potential in Adaptive Reuse in Hong Kong. In Proceedings of the 2013 International Conference on Construction and Real Estate Management, Karlsruhe, Germany, 10–11 October 2013; pp. 45–58. [Google Scholar]

	



Ball, R.M. Developers, Regeneration and Sustainability Issues in the Reuse of Vacant Industrial Buildings. Build. Res. Inf. 1999, 27, 140–148. [Google Scholar] [CrossRef]

	



Cantell, S.F. The Adaptive Reuse of Historic Industrial Buildings: Regulation Barriers, Best Practices and Case Studies. Master’s Thesis, Virginia Polytechnic Institute and State University, Blacksburg, VA, USA, 2005. [Google Scholar]

	



Architectural Institute of Japan. Guidelines for Building Assessment, Preservation and Utilization; Architectural Institute of Japan: Tokyo, Japan, 2007; Available online: http://www.aij.or.jp/scripts/request/document/070810-1.pdf (accessed on 12 October 2015).

	



Ronald, D.D. Management Information Crisis. Harv. Bus. Rev. 1961, 111–121. [Google Scholar]

	



Rockart, J.F. Chief Executives Define their Own Data Needs. Harv. Bus. Rev. 1979, 52, 81–93. [Google Scholar]

	



Boynlon, A.C.; Zmud, R.W. An Assessment of Critical Success Factors. Sloan Manag. Rev. 1984, 25, 17–27. [Google Scholar]

	



Shen, Q.P.; Liu, G.W. Critical success factors for value management studies in construction. ASCE J. Constr. Eng. Manag. 2003, 129, 485–491. [Google Scholar] [CrossRef]

	



Chan, A.P.C.; Chan, D.W.M.; Chiang, Y.H.; Tang, B.S.; Chan, E.H.W.; Ho, K.S.K. Exploring critical success factors for partnering in construction projects. ASCE J. Constr. Eng. Manag. 2004, 130, 188–198. [Google Scholar] [CrossRef]

	



Zhang, X.Q. Critical success factors for public-private partnerships in infrastructure development. J. Constr. Eng. Manag. 2005, 131, 3–14. [Google Scholar] [CrossRef]

	



Tan, Y.T.; Shen, L.Y.; Langston, C.; Lu, W.S.; Yam, M.C.H. Critical Success Factors for Building Maintenance Business: A Hong Kong Case Study. Facilities 2014, 32, 208–225. [Google Scholar] [CrossRef]

	



Liang, X.; Shen, G.Q.; Guo, L. Improving management of green retrofits from a stakeholder perspective: A case study in China. Int. J. Environ. Res. Public Health 2015, 12, 13823–13842. [Google Scholar] [CrossRef] [PubMed]

	



Field, A.P. Discovering Statistics Using SPSS, 2nd ed.; Sage: London, UK, 2005; Chapter 15. [Google Scholar]

	



Petscher, Y.; Schatschneider, C.; Compton, D.L. (Eds.) Applied Quantitative Analysis in Education and the Social Sciences; Routledge: Abingdon, UK, 2013. [Google Scholar]

	



Mulaik, S.A. Foundations of Factor Analysis; McGraw-Hill: New York, NY, USA, 1972. [Google Scholar]

	



Taylor, S.J.; Bogdan, R. Introduction to Qualitative Research Methods: A Guidebook and Resource, 3rd ed.; John Wiley & Sons, Inc.: New York, NY, USA, 1998. [Google Scholar]

	



George, D.; Mallery, P. SPSS for Windows Step by Step: A Simple Guide and Reference, 11.0 Update, 4th ed.; Allyn & Bacon: Boston, MA, USA, 2003. [Google Scholar]

	



Adair, A.; Berry, J.; McGreal, S. Financing property’s contribution to regeneration. Urban Stud. 2003, 40, 1065–1080. [Google Scholar] [CrossRef]

	



Yau, Y.; Chau, K.W.; Wing Ho, D.C.; Wong, S.K. An empirical study on the positive externality of building refurbishment. Int. J. Hous. Mark. Anal. 2008, 1, 19–32. [Google Scholar] [CrossRef]

	



Schiller, R. The Dynamics of Property Location: Value and the Factors Which Drive the Location of Shops, Offices and Other Land Uses; Spon: London, UK, 2001. [Google Scholar]

	



Heath, T. Adaptive reuse of offices for residential use: The Experiences of London and Toronto. Cities 2001, 18, 173–184. [Google Scholar] [CrossRef]

	



Bullen, P.A. Sustainable adaptive reuse of the existing building stock in Western Australia. In Proceedings of the 20th Annual ARCOM Conference, Heriot-Watt University, Edinburgh, UK, 1–3 September 2004; Khosrowshahi, F., Ed.; Association of Researchers in Construction Management. Volume 2, pp. 1387–1397. [Google Scholar]

	



Hair, J.F.; Black, W.C.; Babin, B.J.; Anderson, R.E.; Tatham, R.L. Multivariate Data Analysis, 7th ed.; Prentice Hall: New York, NY, USA, 2010. [Google Scholar]

	



Worldwatch Institute. State of the World; Worldwatch Institute: Washington, DC, USA, 1995. [Google Scholar]

	



Ramesh, T.; Prakash, R.; Shukla, K.K. Life cycle energy analysis of buildings: An overview. Energy Build. 2010, 42, 1592–1600. [Google Scholar] [CrossRef]

	



Legislative Council, Hong Kong Special Administrative Region. Legislative Council Panel on Housing Subcommittee on the Long Term Housing Strategy: Revitalisation of Industrial Buildings, Paper No. CB(1)1529/12-13(01). 2013. Available online: http://www.legco.gov.hk/yr12-13/english/panels/hg/hg_lths/papers/hg_lths0716cb1-1529-1-e.pdf (accessed on 12 October 2015).

	



Wilkinson, S.J.; James, K.; Reed, R. Using building adaptation to deliver sustainability in Australia. Struct. Surv. 2009, 27, 46–61. [Google Scholar] [CrossRef]

	



Policy Address. The 2014 Policy Address: Support the Needy, Let Youth Flourish, Unleash Hong Kong’s Potential. 2014. Available online: http://www.policyaddress.gov.hk/2014/eng/pdf/PA2014.pdf (accessed on 12 October 2015).








[image: Ijerph 15 01546 g001 550] 





Figure 1. Completions, take-up, and vacancy of private flatted factories (2000–2014) (Source: Hong Kong Property Review, 2005–2015). 
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Figure 2. Distribution of private industrial buildings by Outline Zoning Plan Areas (Source: Planning Department, 2015 Report on 2014 Area Assessments of Industrial Land in the Territory). 
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Figure 3. Age of industrial buildings (Source: Planning Department, 2015 Report on 2014 Area Assessments of Industrial Land in the Territory). 
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Figure 4. Conditions of industrial buildings (Source: Planning Department, 2015 Report on 2014 Area Assessments of Industrial Land in the Territory). 
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Figure 5. Current use of industrial buildings (based on GFA) (Source: Planning Department, 2015 Report on 2014 Area Assessments of Industrial Land in the Territory). 
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Figure 6. Distribution of responses’ profession. 
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Figure 7. Distribution of responses’ working experience (Year). 
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Figure 8. Distribution of responses’ experience in adaptive reuse projects. 
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Table 1. Applications under revitalization measures (as of October 2015) (Source: Hong Kong Government website: Revitalizing Industrial Buildings).
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	Status
	Wholesale Conversion
	Redevelopment
	Total





	Applications received
	153
	22
	175



	Approved
	97
	19
	116



	executed
	66
	8
	74



	withdrawn by applicants after approval
	12
	7
	19



	terminated after execution
	12
	0
	12



	pending execution
	7
	4
	11



	Under processing
	33
	3
	36



	withdrawn by applicants during processing
	18
	0
	18



	Rejected due to not meeting the eligibility criteria
	5
	0
	5
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Table 2. List of factors affecting adaptive reuse of industrial buildings in Hong Kong.
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Code

	
Factor

	
References






	
F1

	
Vacancy rate

	
[53]

[35]

[23]

[54]

[25]

[46]

[47]

[33]

[55]

[48]

[43]

[40]

[50]

[51]

[52]

[6]

[29]

[39]




	
F2

	
Location, transportation and accessibility




	
F3

	
Current use of buildings




	
F4

	
Building age




	
F5

	
Architectural, structural and material conditions




	
F6

	
Space layout




	
F7

	
Condition of external fabric and finishes




	
F8

	
Condition of services & systems




	
F9

	
Functional changeability




	
F10

	
Technological difficulties




	
F11

	
Market Demand




	
F12

	
Source of finance




	
F13

	
Commercial risk and uncertainty




	
F14

	
Financial incentives




	
F15

	
Conversion cost and lifecycle cost




	
F16

	
Project timeline




	
F17

	
Public interest and support




	
F18

	
Compatibility with existing surroundings




	
F19

	
Preservation of history and culture




	
F20

	
Health and safety concern




	
F21

	
Status of neighborhood




	
F22

	
Adequacy of public facilities




	
F23

	
Site layout and accessibility




	
F24

	
Material consumption




	
F25

	
Construction waste, noise, pollution




	
F26

	
Energy efficiency




	
F27

	
Environmental impacts




	
F28

	
Green design




	
F29

	
Official plan & zoning




	
F30

	
Land lease control




	
F31

	
Building ordinance/regulations (plot ratio, fire safety, acoustic and thermal insulation, daylight and lift/escalator etc.)




	
F32

	
Ownership of building




	
F33

	
Government incentives
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Table 3. Ranking factors affecting adaptive reuse of industrial buildings.
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	Ranking
	Code
	Factor
	Mean
	SD





	1
	F11
	Market demand
	4.43
	0.8458



	2
	F31
	Building ordinance/regulations (plot ratio, fire safety, acoustic and thermal insulation, daylight and lift/escalator etc.)
	4.37
	0.7584



	3
	F30
	Land lease control
	4.18
	0.9576



	4
	F02
	Location, transportation and accessibility
	4.16
	0.9519



	5
	F15
	Conversion cost and lifecycle cost
	4.16
	0.9862



	6
	F29
	Official planning and zoning
	4.02
	0.9915



	7
	F09
	Functional changeability
	3.95
	0.8252



	8
	F13
	Commercial risk and uncertainty
	3.89
	0.8583



	9
	F33
	Government incentives
	3.89
	1.1269



	10
	F32
	Ownership of building
	3.85
	1.0776



	11
	F12
	Source of finance
	3.84
	1.0517



	12
	F14
	Financial incentives
	3.77
	1.0862



	13
	F06
	Space layout
	3.75
	0.9930



	14
	F05
	Architectural, structural and material conditions
	3.72
	0.8847



	15
	F10
	Technological difficulties
	3.70
	0.7820



	16
	F23
	Site layout and accessibility
	3.69
	0.7862



	17
	F20
	Health and safety concern
	3.58
	0.9506



	18
	F04
	Building age
	3.51
	0.8088



	19
	F18
	Compatibility with existing surroundings
	3.51
	1.0428



	20
	F22
	Adequacy of public facilities
	3.49
	0.8291



	21
	F16
	Project timeline
	3.48
	0.8681



	22
	F27
	Environmental impacts
	3.43
	0.8843



	23
	F17
	Public interest and support
	3.41
	0.9726



	24
	F01
	Vacancy rate
	3.33
	1.0361



	25
	F19
	Preservation of history and culture
	3.25
	0.9426



	26
	F21
	Status of neighborhood
	3.23
	0.8245



	27
	F26
	Energy efficiency
	3.18
	0.9112



	28
	F28
	Green design
	3.16
	0.9162



	29
	F03
	Current use of buildings
	3.08
	1.0999



	30
	F25
	Construction waste, noise, pollution
	3.07
	0.9105



	31
	F08
	Condition of services and systems
	3.05
	0.9099



	32
	F07
	Condition of external fabric and finishes
	3.02
	0.9112



	33
	F24
	Material consumption
	2.95
	0.7462
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Table 4. KMO and Bartlett’s test.
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Kaiser–Meyer–Olkin Measure of Sampling Adequacy

	
Bartlett’s Test of Sphericity






	
0.638

	
Approx. Chi-Square

	
1139




	
Df

	
528




	
Sig.

	
0.000
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