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ABSTRACT: With rapid economic development and restructuring, there are an increasing number of 
aged or obsolete buildings in large cities, such as Hong Kong. Adaptive reuse of these buildings provides 
an alternative for property stakeholders towards more sustainable practices instead of redevelopment 
or destruction. Adaptive reuse can also make great contributions to sustainable development by reduc-
ing construction waste and saving natural resources. As a result of industrial restructuring, manufac-
turing plants were migrated from Hong Kong to Mainland China during the 1980s and 1990s. Many 
industrial buildings then became vacant or under-utilised. Adaptive reuse of these industrial buildings 
is considered a viable way forward for all parties, including government, property stakeholders and 
the community. However, the problem is how to deal with multiple criteria to assess how these build-
ings can be reused for residential living, retail, training centres, or other purposes. Adaptive reuse of 
industrial buildings is discussed in this paper, and a fuzzy adaptive reuse selection model is developed 
for decision-making. A hypothetical example is used to demonstrate the application of the method and 
show its effectiveness.
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1. INTRODUCTION

As one of the most densely populated places in the 
world, Hong Kong has a well developed property 
market. The property market comprises four sec-
tors, including residential, office, commercial and 
industrial space (private flatted factories, indus-
trial/office, specialised factories and storage). As a 
result of industrial restructuring during the 1980s 
and 1990s, financial services, trading and logistics, 
tourism, and producer and professional services 
became emerging industries for the Hong Kong 
economy. Most manufacturing plants were moved 
to mainland China and there was little need for 

significant manufacturing factories in Hong Kong. 
The new completions for industrial buildings in 
recent years are zero, as shown in Fig. 1. Some 
buildings became obsolete. In 2009, the vacancy of 
private flatted factories exceeded 1.3 million square 
metres, or 8% of the total stock (Rating and Valua-
tion Department 2010). 

Furthermore, the built environment is respon-
sible for 40% of world materials usage, a third of 
energy consumed by the world economy and 40% 
of greenhouse gas emissions (Worldwatch Institute 
1995). New construction adds less than 2% per an-
num to the built environment stock in Hong Kong 
(Langston et al. 2008). Greenhouse gas emissions *	Corresponding author. E-mail: bstan@polyu.edu.hk
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Fig. 1. Completions, take-up and vacancy of private flatted factories (2000–2010)  
Source: Hong Kong property review 2005–2011.

(GGE) in Hong Kong are nearing 50 million tonnes 
(CO2 equivalent) per annum (http://www.epd.gov.
hk/) and Hong Kong is considered to be the largest 
producer of GGE per square metre in the world 
(Yung 2007). Adaptive reuse of industrial build-
ings can decrease new building construction with 
faster project delivery time and make correspond-
ing contributions to GGE reduction, and the need 
for building adaptation is increasing with relevant 
policy drivers, such as the ‘1200 building program’ 
developed by the City of Melbourne (Wilkinson, 
Reed 2011), and ‘Wholesale Conversion of Indus-
trial Buildings’ scheme in Hong Kong (HKSAR, 
2009). Therefore, it is an opportunity for stake-
holders to think about how to reuse their build-
ings to meet economical, environmental and social 
needs. The paper aims to: (1) examine the adap-
tive reuse potential of industrial buildings in Hong 
Kong; (2) develop a fuzzy decision making method 
for adaptive reuse of industrial buildings, and (3) 
demonstrate its application in practice via a hypo-
thetical case study.

2. LITERATURE REVIEW OF  
ADAPTIVE REUSE 

With economic and social development, existing 
buildings may be obsolete or rapidly approach dis-
use and potential demolition. These buildings can 
be considered as raw materials for new projects, a 
concept described by Chusid (1993) as ‘urban ore’. 
A more effective method is to leave the basic struc-
ture and fabric of the building intact, and change 
its use, rather than extracting these raw materials 
during demolition or deconstruction. This approach 
is called ‘adaptive reuse’. Adaptive reuse is a spe-
cial form of refurbishment that poses quite difficult 

challenges for designers. Changing the functional 
classification of a building will introduce new regu-
latory conditions and perhaps require zoning con-
sent. In some cases, increases in floor space ratios 
can be obtained and concessions received for pursu-
ing government policy directions by regenerating 
derelict public assets. There are clear economic, 
environmental and social benefits that can make 
this option attractive to developers (Langston et al. 
2008). In recent years, redundant city office build-
ings have been converted into high quality residen-
tial apartments, bringing people back to cities and 
in the process revitalizing them. In Hong Kong, the 
Urban Renewal Authority plays an important role 
in overseeing such projects (http://www.ura.org.hk).

Adaptive reuse has been successfully applied 
in many types of facilities, including defence es-
tates (e.g. Doak 1999; van Driesche, Lane 2002), 
airfields (e.g. Gallent et al. 2000), government 
buildings (e.g. Abbotts et al. 2003), and industrial 
buildings (e.g. Ball 1999; Cantell 2005; Sustain-
ability Victoria 2006; Wilson 2010). Adaptive reuse 
of buildings is seen as fundamental to sound gov-
ernment policy and sustainable development, e.g. 
in Atlanta, USA (Newman 2001), Canada (Brandt 
2006), Hong Kong (Poon 2001), and Australia 
(McLaren 1996; Maggs 1999).

Morrissey et al. (2012) argued that decision-
makers in the built environment were increasingly 
considering environmental and social issues along-
side functional and economic aspects of develop-
ment projects. Infrastructure projects in particular 
represent major investment and construction ini-
tiatives with attendant environmental, economic 
and societal impacts across multiple scales. For 
this reason, unmasking costs can provide strong 
incentives for a transition to more sustainable en-
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ergy practices, less profligate use of new materials, 
and greater utilization of existing building stock. 
Refurbishment is also a better employment gen-
erator than new construction due to the labour in-
tensive nature of adaptation (Kincaid 2002). Fur-
ther, Ürge‐Vorsatz et al. (2010) found in Hungary 
that, given the same investment, the direct em-
ployment impacts of renovations in buildings are 
much higher than those in transport infrastruc-
tural developments.

Much research has been done on how existing 
buildings can be adapted from different stake-
holder perspectives, such as developer, designer, 
planner, and government. Government plays an 
active role in building adaptive reuse, not only 
in regulation, but also in expanding knowledge 
of the sustainable development of cities (Kincaid 
2000). Adaptive reuse of existing buildings, espe-
cially older buildings, attracts those creative and 
risk-taking investors who can make higher returns 
by innovative building renovation (Shipley et al. 
2006). For developers, adaptive reuse of redundant 
structures also provides a quick solution when 
they are searching space for a project (Henehan 
et al. 2004). The concept of sustainability should 
be integrated into the adaptive reuse of buildings 
with innovative green designs (Fournier, Zimnicki 
2004). Furthermore, an adaptive reuse potential 
(ARP) model has been developed by Langston et al. 
(2008). By using this model, existing buildings can 
be ranked according to the potential they offer for 
adaptive reuse. Where the current building age is 
close to and less than the useful life, the model 
identifies that planning should commence.

The selection of adaptive reuse opportunities 
is a difficult task for decision-makers, including 
government, owners, investors, developers or con-
sultants, as they have different objectives. For an 
optimal selection, multiple criteria should be used 
and decision-makers should consider different in-
terest groups. Wang and Zeng (2010) proposed a 
method for reuse selection of historic buildings us-
ing two steps: initial screening and final selection 
by an ANP-based approach. Pair-wise comparison 
is used in the ANP model, which is generally time 
consuming. Moreover, it may be confusing for even 
professionals to compare the importance of differ-
ent criteria. Highest and best use method is also 
frequently used for real estate appraisal. However, 
this method is normally used to maximize the pro-
ductive use for generating the highest profit. For 
adaptive reuse, the economic factor may not be the 
first. In some cases, the environmental and social 
factors are more important. There is a need to de-

velop a new method to incorporate stakeholders’ 
opinion by considering multiple selection criteria.

3. ADAPTIVE REUSE POTENTIAL OF 
INDUSTRIAL BUILDINGS IN HONG KONG

With the relocation of traditional manufacturing 
activities to the Mainland, an amount of industrial 
floor space in Hong Kong has been converted to of-
fice and storage uses. However, there are still many 
private flatted industrial buildings under-utilised. 
At the end of 2010, the total stock of private flat-
ted factories in Hong Kong was around 17.2 mil-
lion square metres with a vacancy rate of 6.7%. 
Furthermore, 70% of existing industrial buildings 
are now situated in non-industrial zones, mainly 
in the“Other Specified Uses (Business)” zone (De-
velopment Bureau 2011). Most of the vacant in-
dustrial buildings are relatively young, located in 
urban areas with good and improving access and 
connectivity, and furnished with large floor plates, 
high ceilings, strong floor loadings, wide corridors 
and large lifts (Legislative Council 2011). The pos-
sible uses permitted in industrial buildings before 
and after redevelopment or wholesale conversion 
in OU(B) zones are shown in Table 1 (Development 
Bureau 2011). 

However, the conversion of existing industrial 
buildings for other uses remains slow. There were 
only 37 cases in OU(B) zone that completed lease 
modifications for change of use of industrial build-
ings between 2001 and 2009, and only three cases 
involved wholesale conversion, so detailed case 
studies in Hong Kong are rare. Non-compliant uses 
of industrial buildings are widespread (Develop-
ment Bureau 2011) with mixed usage of buildings 
due to increased rental and purchase office and 
residential property prices. The conversion of exist-
ing industrial buildings is an immediate solution to 
the problem, and there are many successful cases 
overseas which could be good references for Hong 
Kong. Furthermore, the concept of sustainability 
can be extended to innovative adaption of indus-
trial buildings with creative solutions in line with 
current building legislation (RICS 2009). The key 
issues for adaptive reuse of industrial buildings 
include health & safety, multi-ownership, deeds of 
mutual covenant, fire safety, environmental chal-
lenges, planning interface, sustainability, financial 
viability, building regulations, parking, district-
wide implications, and enforcement (RICS 2009). 

Above all, there is great potential for adap-
tive reuse of existing industrial buildings in Hong 
Kong. Another question raised is ‘how to reuse?’ as 
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Table 1. Uses always permitted in buildings in OU(B) zones

Industrial or industrial-office buildings Other buildings (including redeveloped or buildings  
undergone wholesale conversion)

Office uses
 – Office (excluding those involving direct provision of cus-
tomer services or goods)

Office uses 
 – Office

Commercial uses
 – Eating place (canteen only)
 – Shop and services (motor-vehicle showroom on ground floor 
and service trades only)

Commercial uses
 – Eating place
 – Shop and services
 – Exhibition or convention hall

Recreation and leisure uses
 – Place of entertainment
 – Place of recreation, sports or culture
 – Private club

Educational and religious uses
 – Educational institution
 – Library
 – School (excluding free-standing purpose-designed  
building and kindergarten) 
 – Training centre
 – Religious institution

Industrial uses
 – Information technology and telecommunications  
industries
 – Non-polluting industrial use (excluding industrial under-
takings involving use/storage of dangerous goods)
 – Research, design and development centre
 – Warehouse (excluding dangerous goods)

Industrial uses
 – Information technology and telecommunications  
industries
 – Non-polluting industrial use (excluding industrial un-
dertakings involving use/storage of dangerous goods)
 – Research, design and development centre

Source: Development Bureau (2011).

there are many factors affecting decision-making, 
and there are potential complaints from the pub-
lic concerning commercial adaptive reuses without 
proper consideration of environmental and social 
impacts.

For adaptive reuse decision-making for build-
ings, multiple criteria are necessary for the assess-
ment, including economic, social and environmen-
tal attributes. Obsolescence of existing buildings 
can be assessed using seven aspects, including 
physical, economic, functional, technological, so-
cial, legal and political (Langston 2008). Murtagh 
(2006) suggested the following factors for adaptive 
reuse selection: potential market, location, physi-
cal analysis, architectural and historical evalua-
tion. The Architectural Institute of Japan (2007) 
proposed five values as criteria for building as-
sessment, preservation and utilization, including 
historic value, cultural and artistic value, techno-
logical value, scenic/contextual value and the en-
vironmental effect, social value. Wang and Zeng 
(2010) identified six criteria for reuse selection of 
historic buildings based on fuzzy Delphi method, 
including cultural, economic, architectural, en-
vironmental, social aspect and continuity. Wang 
and Jiang (2007) examined the adaptive reuse of 
historical industrial buildings in China from differ-
ent perspectives, including architecture, resources 

and economy, social development, environment, 
landmark and landscape. Wilson (2010) developed 
evaluating criteria for adaptive reuse selection of 
industrial buildings in Toronto with five adaptive 
reuse characteristics, including environmental, lo-
cation, legislative, financial and market character-
istics. Wilkinson and Reed (2011) identified 3 prin-
ciple components for commercial building adapta-
tions, namely physical and size, land and social, 
and found that the relationship between building 
adaptations and building attributes is complex. 
Langston and Smith (2012) developed a decision-
making cube called iconCUR for making decisions 
about existing buildings, including applicability 
and prioritization for adaptive reuse.

Based on the above and related literature, mul-
tiple selection criteria for industrial building adap-
tive reuse are summarized in Table 2. Changes 
could be made to the criteria for specific building 
types. 

4. METHODOLOGY

Fuzzy set theory

Generally, decision-making problems are made un-
der uncertainty, vagueness, fuzziness, risk, time 
pressure, and some information is either incom-
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plete or missing. Decision makers prefer to de-
scribe their feeling in the fuzzy terms of “good”, 
“fair”, “poor”, etc. For attribute weighting, deci-
sion-makers can use fuzzy terms such as “very im-
portant”, important”, “moderate”, “low” and “very 
low” to express their opinions. These fuzzy terms 
can be expressed by fuzzy sets or fuzzy numbers. A 
fuzzy set is characterized by its membership func-
tion (Zadeh 1965). The typical definitions of fuzzy 
theory are as follows:

Definition 1 (Zimmermann 2001). A triangu-
lar fuzzy number ( , , )l m uA a a a  can be defined as 
follows:
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where: , ,l m ua a a  stand for the left bound value, 
mean value, and right bound value respectively in 
the distribution of a triangular fuzzy number, as 
shown in Fig. 2.
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The approximation is used for multiplication 
and division of triangular fuzzy numbers. This 
approximation is also used in many studies (e.g. 
Chen, Hwang 1992; Cheng, Lin 2002; Li et al. 
2007).

Definition 3 (Heilpern 1997). Let [ , , ]l m uA a a a=  
and [ , , ]l m uB b b b=  be two triangular fuzzy num-
bers, the distance between  and a b  is defined as:
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When p = 2, formula (3) is similar to the Eu-
clidean distance measurement and it is most 
commonly used, reasonable and practicable for 
distance measurement of fuzzy triangular num-
bers. 

An appropriate linguistic variable set can help 
decision-makers make correct judgments concern-
ing options. The linguistic terms and corresponding 
membership functions can be elicited from expert 
assessment and past data, and can be modified to 
incorporate individual situations. The triangular 
fuzzy number is the simplest fuzzy number and is 
used most frequently for expressing the linguistic 
terms in research (Chen 2000; Deng 2006). In this 
study, the linguistic terms are defined for a dem-
onstration based on previous studies (Chen 2000; 
Lin, Chen 2004; Li et al. 2007), as shown in Ta-
bles 3 and 4. For example, if one decision-maker 
gives his/her opinion on the weighting of attribute 
‘Economic’ as ‘High’, his/her judgment can be ex-
pressed as a fuzzy number (0.7, 0.9, 1.0).

Fig. 2. Membership function ( )A Aµ   in a triangular 
fuzzy number ( , , )l m uA a a a

( )A Aµ 

( , , )l m uA a a a

0

1

al am au a

Table 2. Selection criteria of adaptive reuse industrial building

Criteria Description 
C1: Architectural Physical condition, architectural evaluation; structural analysis; functional changeability, tech-

nological difficulties; material and decoration; refurbishment feasibility; functional performance
C2: Economic Potential market; benefit-cost ratio; life-cycle cost; financial sources; subsidize; exemption
C3: Environmental Site layout; environmental impact; environmental quality of surroundings; energy usage
C4: Social Compatibility with existing; public interest and support; social value; enhancing community; 

loss of habitat
C5: Legal Outline Zoning Plan (OZP); Development Permission Area (DPA) Plans; new policy measures to 

revitalizing industrial buildings; Wholesale Conversion of Industrial Buildings 

Definition 2 (van Laarhoven, Pedrycz 1983). 
Let [ , , ]l m uA a a a=  and [ , , ]l m uB b b b=  be two tri-
angular fuzzy numbers, then:

,

.
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Table 3. Linguistic terms describing attribute 
weightings 

Linguistic terms for 
weightings

Triangular fuzzy numbers

Very Low (VL) (0,0,0.1)
Low (L) (0,0.1,0.3)
Medium Low (ML) (0.1,0.3,0.5)
Medium (M) (0.3,0.5,0.7)
Medium High (MH) (0.5,0.7,0.9)
High (H) (0.7,0.9,1.0)
Very High (VH) (0.9,1.0,1.0)

Table 4. Linguistic terms describing ratings

Linguistic terms for ratings Triangular fuzzy numbers

Very Poor (VP) (0,0,1)
Poor (P) (0,1,3)
Medium Poor (MP) (1,3,5)
Fair (F) (3,5,7)
Medium Good (MG) (5,7,9)
Good (G) (7,9,10)
Very Good (VG) (9,10,10)

5. FUZZY ADAPTIVE REUSE SELECTION 
MODEL

There are various options for adaptive reuse of 
industrial buildings, and these can be denoted 
as 1 2{ ,..., }nX x ,x x  = . Each alternative can be 
assessed by the identified selection criterion 

1 2{ ,..., }sG G ,G G  = . Then a decision-making com-
mittee is formed, denoted as 1 2{ ,..., } .tD d ,d d  =   
The committee normally should comprise key pro-
ject stakeholders including appropriate community 
representation. According to Tables 3 and 4, the 
importance of the criteria and rating of alterna-
tives with respect to each attribute are assessed 
by committee members. ( )( ) ( )kk

s nijA a ×=   is a fuzzy 
decision matrix describing the rating of alterna-
tives, where ( ) [ , , ]k k k k

s nij lij mij uija a a a× =  is an attribute 
value given by decision maker kd D∈ , for alterna-
tive jx X∈  with respect to attribute iG G∈ , and 

1 2( ,..., )Tsw w ,w w=  is the weight vector of attrib-
utes, where 0, 1,2,...,iw i s ≥ = . Then, the decision 
makers’ assessments can be aggregated by an op-
erator and the fuzzy adaptive reuse value (FARV) 
of each alternative can be denoted as:

1

s

j i ij
i

FARV w r
=

= ⊗∑   , (4)

where: ijr  is the normalized fuzzy rating of alter-
native jx X∈  with respect to attribute .iG G∈   

The calculation of ijr  will be introduced in the 
next section. Then, the FARV of each alternative 
can be ranked. 

6. APPLICATION OF FUZZY ADAPTIVE 
REUSE SELECTION MODEL

Adaptive reuse decision-making is more complex 
than expected by considering multi-criteria. The 
fuzzy approach provides a solution to integrate 
opinions from various parties. Here is an exam-
ple for demonstrating the application of the fuzzy 
adaptive reuse selection model. A private 15-storey 
industrial building, completed in the 1980s and 
located in the waterfront Yau Tong Bay of Hong 
Kong, is selected as a hypothetical case study1 to 
illustrate the proposed model. The building is a 
reinforced concrete frame structure with windows 
on only two opposite faces, one facing the bay. The 
total floor area of the building is 50,000 square 
metres, and the ceiling height of a typical floor is 
3095 mm. There are 2 passenger lifts and 5 service 
lifts, and a central air conditioning system. This 
building is used for small offices and storage ar-
eas (mainly timber and other construction materi-
als). The vacancy of the building is 70% at present. 
The building is representative as there are many 
similar buildings in Hong Kong. In order to reduce 
the environmental and social impact, the owner is 
considering adaptive reuse of the building instead 
of demolishing it for a new building. The decision 
process is as follows:

Step 1: Forming decision making committee 
and initial screening

In this case, a committee was formed compris-
ing six members, including owner of the build-
ing, investor, government department, architect, 
surveyor and structural engineer. Committee 
members are to be involved in the whole decision-
making process. Normally, the decision-making 
process takes several weeks. According to Legis-
lative Council (2011) Brief, the permitted non-in-
dustrial uses in buildings within the “Commercial” 
Zone include office, commercial uses (including 
hotel, shop and services), recreation and leisure 
uses, educational and religious uses, Government, 
Institution or Community (GI/C) uses, and resi-
dential uses (subject to planning permission from 
town planning boards). With initial screening by 

1 A hypothetical scenario is used as the case study, 
and although based on an actual site, is not an 
active adaptive reuse project. It is nevertheless 
representative of typical industrialised building reuse 
opportunities in Hong Kong.
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the committee, the possible options for the adap-
tive reuse of this industrial building are defined, 
including fashion design industrial centre (A1), 
luxury serviced apartment (A2), a 4-star hotel and 
retail centre (retail centre on lower floors) (A3), 
prestige office and shopping centre (shops on lower 
floors) (A4), or vocational education and training 
centre (A5). These options are based on the high-
est and best use for the site within the context 
of retaining a significant amount of the existing 
structure.

Step 2: Assessing each alternative 
Before assessment, a comprehensive survey 

should be conducted, including as-built survey 
of the site, building context, structural and envi-
ronmental components of the building, mechani-
cal systems, safety and accessibility, and energy 
savings (Brownfield News 2007). The committee 
members should undertake a site visit. Then, the 
committee members assess each alternative using 
the criteria defined in Table 2. A summary of the 
ratings and weighting from all members is shown 
in Table 5. In some cases, the importance of deci-
sion-makers should be considered.

Step 3: Aggregating weightings and ratings
Aggregate the fuzzy decision matrices 

( )( ) ( )kk
s nijA a ×=   into a complex fuzzy decision ma-

trix ( ) [ , , ]ij s n lij mij uij s nA a a a a× ×= =  , and aggregate 

Table 5. Summary of ratings and weighting for each alternative from professionals 

Criteria Weightings Ratings (linguistic term)
A1 A2 A3 A4 A5

C1 M; ML; M; ML; 
ML; M

G; VG; G 
G; F; MG

F; MG; G F; 
MG; MG

G; VG; G MG; 
F; G

MG; G; F MG; 
F; MG

G; F; F MG; 
MG; F

C2 H; H; H
VH; VH; H

F; MP; F MP; 
P; F

G; MG; G F; 
MG; G

G; VG; G VG; 
G; MG

F; F; F
MG; MP; F

F; MG; F
F; F; F

C3 MH; H; M
H; M; M

F; F; MG 
F; F; F

MG; MG; G; F; 
F; G

G; MG; G MG; 
F; MG

F; MG; F 
MG; F; F

F; MG; F
F; F; MG

C4 H; H; M
M; MH; M

MP; P; F
MP; P; F

MG; G; G MG; 
G; G

G; MG; G MG; 
F; G

G; MG; G MG; 
F; G

F; MG; F MG; 
F; MP

C5 H; M; MH
M; M; MH

MG; G; G MG; 
MG; F

F; MG; F MG; 
F; F

F; MG; F MG; 
F; MP

P; MP; F MP; 
P; F

F; MP; F MG; 
F; F

the attribute weights [ , , ]k k k k
i li mi uiw w w w=  into the 

complex attribute weights [ , , ]i li mi uiw w w w= . The 
mean operator is normally used for aggregating 
decision-makers’ opinion on attribute ratings and 
weightings (Chen 2000; Chu 2002). The average 
fuzzy ratings ija  and average fuzzy weightings iw
of attribute iG  can be evaluated by:

1 2

1 2

1[ ... ],   

1,2,..., ,   1,2,...,
1[ ... ],    

1,2,...,

t
ij ij ij ij

t
i i i i

a a a a
t

i s j n

w w w w
t

i s

= ⊕ ⊕ ⊕

= =

= ⊕ ⊕ ⊕

=

   

   

 

(5)

The fuzzy decision matrix and the fuzzy weight 
of criteria are formulated by converting the lin-
guistic terms into triangular fuzzy numbers ac-
cording to Tables 3 and 4. The complex decision 
matrix and weighting matrix are shown in Table 6.

Step 4: Normalizing the complex fuzzy decision 
matrix 

To ensure compatibility between averaged 
ratings, the complex fuzzy decision matrix 

( ) [ , , ]ij s n lij mij uij s nA a a a a× ×= =   is normalized into a 
corresponding matrix ( )( ) ( )kk

s nijR r ×=  , where

* * *, , ,    lij mij uij
ij

ui ui ui

a a a
r i B

a a a
 

= ∈  
 

 ; (6)

Table 6. The averaged fuzzy weightings and ratings of three projects

Criteria Weightings Ratings 
A1 A2 A3 A4 A5

C1 (0.2,0.4,0.6) (6.3,8.2,9.3) (4.7,6.7,8.5) (6.3,8.2,9.3) (4.7,6.7,8.5) (4.3,6.3,8.2)
C2 (0.77,0.93,1) (1.8,3.7,5.7) (5.7,7.7,9.2) (7.3,9,9.8) (3,5,7) (3.3,5.3,7.3)
C3 (0.47,0.67,0.83) (3.3,5.3,7.3) (5,7,8.7) (5.3,7.3,9) (3.7,5.7,7.7) (3.7,5.7,7.7)
C4 (0.47,0.67,0.83) (1.3,3,5) (6.3,8.3,9.7) (5.7,7.7,9.2) (5.7,7.7,9.2) (3.3,5.3,7.3)
C5 (0.43,0.63,0.82) (5.3,7.3,9) (3.7,5.7,7.7) (3.3,5.3,7.3) (1.3,3,5) (3,5,7)

,

.
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, , ,    li li li
ij

uij mij lij

a a ar i C
a a a

− − − 
= ∈  
 

 ;
 

(7)

* max ,   ui uijj
a a i B= ∈ ;

 

min ,   li lijj
a a i C− = ∈ .

 
B and C are the set of benefit criteria and cost 

criteria. In the case study, all the criteria are con-
sidered as benefit criteria. Using formulae (6) and 
(7), the normalized fuzzy decision matrix is deter-
mined as shown in Table 7.

Step 5: Calculate the FARV for each alternative 
According to Table 7, the FARV for each alter-

native is calculated using formula (4).
As for alternative A:
FARVA1 = (0.2,0.4,0.6) ⊗ (0.68,0.88,1) ⊕ 
(0.77,0.93,1) ⊗ (0.18,0.38,0.58) 
⊕ (0.47,0.67,0.83) ⊗ (0.37,0.59,0.81) ⊕ (0.47,0.67, 
0.83) ⊗ (0.13,0.31,0.52)
⊕ (0.43,0.63,0.82) ⊗ (0.59,0.81,1) = (0.76, 1.82, 
3.1).
For other four alternatives:
FARVA2 = (1.3, 2.52, 3.84),
FARVA3 = (1.43, 2.65, 3.88),
FARVA4 = (0.87, 1.92, 3.22),
FARVA5 = (0.84, 1.91, 3.24).
For compatibility, normalization is used to 

keep the fuzzy number FARVj in the range of [0, 
1] based on formula (6). 

* max max(3.1, 3.84,3.88, 3.22, 3.24) 3.88ui uijj
a a= = = .

The normalized FAVRj for each alternative is 
calculated as follows:

NFAVRA1 = (0.76, 1.82, 3.1)/3.88 = (0.20, 0.47, 
0.80),
NFAVRA2 = (1.3, 2.52, 3.84)/3.88 = (0.34, 0.65, 
0.99),
NFAVRA3 = (1.43, 2.65, 3.88)/3.88 = (0.37, 0.68, 
1.0),

Table 7. The averaged fuzzy weightings and normalized fuzzy decision matrix

Criteria Weightings Ratings 

A1 A2 A3 A4 A5
C1 (0.2,0.4,0.6) (0.68,0.88,1) (0.5,0.72,0.91) (0.68,0.88,1) (0.5,0.72,0.91) (0.46,0.68,0.88)
C2 (0.77,0.93,1) (0.18,0.38,0.58) (0.58,0.78,0.94) (0.74,0.92,1) (0.31,0.51,0.71) (0.34,0.54,0.74)
C3 (0.47,0.67,0.83) (0.37,0.59,0.81) (0.56,0.78,0.97) (0.59,0.81,1) (0.41,0.63,0.86) (0.41,0.63,0.86)
C4 (0.47,0.67,0.83) (0.13,0.31,0.52) (0.65,0.86,1) (0.59,0.79,0.95) (0.59,0.79,0.95) (0.34,0.55,0.75)
C5 (0.43,0.63,0.82) (0.59,0.81,1) (0.41,0.63,0.86) (0.37,0.59,0.81) (0.14,0.33,0.56) (0.33,0.56,0.78)

NFAVRA4 = (0.87, 1.92, 3.22)/3.88 = (0.22, 0.49, 
0.83).
NFAVRA5 = (0.84, 1.91, 3.24)/3.88 = (0.22, 0.49, 
0.84),
Step 6: Ranking NFAVRj
There are different approaches for ranking 

fuzzy numbers. Li et al. (2007) used four methods 
for ranking, including weight center, fuzzy number 
recognition, fuzzy TOPSIS, and simple defuzzifica-
tion method, and found that the four methods have 
similar results. Therefore, the simple defuzzifica-
tion method is used for a demonstration purpose. 
The defuzzification formula of a triangular fuzzy 
number is as follows (Cheng, Lin 2002):

d = (al + 2am + au)/4. (8)

For the five alternatives, the defuzzification of 
NFAVRj is as follows:

dA1 = (0.2 + 2 × 0.47 +0.80)/4 = 0.485,
dA2 = (0.34 + 2 × 0.56 +0.99)/4 = 0.6125,
dA3 = (0.37 + 2 × 0.68 +1.0)/4 = 0.6825,
dA4 = (0.22 + 2 × 0.49 +0.83)/4 = 0.5075,
dA5 = (0.22 + 2 × 0.49 +0.84)/4 = 0.51.
According to the closeness coefficient, the rank-

ing of the five alternatives is A3, A2; A5; A4 and 
A1. The best choice is A3, (i.e. adaptive reuse for 
a 4-star hotel and retail centre), while adaptive 
reuse to a luxury serviced apartment is also under 
consideration as its coefficient is very close to A1. 
Given the ‘Economic’ criterion has a higher weight-
ing than other selection criteria, a 4-star hotel or 
a luxury serviced apartment are more attractive 
with higher economic benefits. The ranking will be 
different if the weightings are changed. 

7. SENSITIVITY ANALYSIS AND 
DISCUSSION

Sensitivity analysis will be used when the deci-
sion-makers have different preferences on the five 
criteria. In this example case, the extreme states 
will be examined by assuming that only one cri-
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terion has the maximum possible weight whereas 
the others have the minimum possible weights. For 
each state, the closeness coefficient of each alter-
native is calculated and the results are graphical-
ly represented in Fig. 3. Under situation 1, when 
‘Architectural’ is considered as the most impor-
tant criterion, the conversion choice could be fash-
ion design industrial centre (A1) or a 4-star hotel 
(A3). Under situation 2, ‘Economic’, the best choice 
is hotel (A3). Under situation 3, ‘Environmental’, 
it will be luxury serviced apartment (A2) or hotel 
(A3). Under situation 4, ‘Social’, luxury serviced 
apartment (A2) is the best one. Under situation 5, 
‘Legal’, the best choice is the fashion design indus-
trial centre (A1). It can be seen that conversion to 
a 4-star hotel has the best economic performance 
that explains why the optimal choice is hotel in the 
case study. When environmental and social crite-
ria are considered more important, conversion to 
serviced apartment could be a better choice. There-
fore, this model provides decision-makers multiple 
options according to their different preferences on 
the criteria. The results form a valuable reference 
for them to make better decisions.

There are other multi-criteria decision-making 
methods, such as analytical hierarchy process 
(AHP), compromise programming (CP), multi-
attribute utility theory (MAUT). Each method 
has its own characteristics and applicability. For 
example, the AHP method can also be used for 
ranking alternatives as in this case. However, the 

Fig. 3. Closeness coefficients of each alternative under 
five extreme situations

pair-wise comparisons for weightings of criteria 
and alternatives consume lots of time. Decision-
makers might find it difficult to use the 9-point 
scale. By contrast, the fuzzy TOPSIS method is 
much easier for decision-makers by using fuzzy 
terms and the calculation is not complex (and can 
be further simplified by developing a computing 
package). Multiple selection criteria and decision-
makers make the assessment of each alternative 
comprehensive and objective. Decision-makers can 
also use sensitivity analysis with different criteria 
priorities. 

8. CONCLUSIONS

With industrial transformation, there are many 
private industrial buildings vacant or under-uti-
lised in Hong Kong. Adaptive reuse or revitalisa-
tion of these obsolete industrial buildings not only 
extends their life but also has great economic, so-
cial and environmental benefits if they are prop-
erly assessed. The industrial buildings in Hong 
Kong have a high potential for adaptive reuse 
with innovative sustainable designs. These build-
ings could be converted to residential, hotel, office, 
retail shops, sports centres, etc., or otherwise de-
molished and a new development constructed in its 
place. The deployment of a fuzzy approach for deci-
sion-makers in order to make better choices about 
reusing existing buildings will need to consider the 
characteristics of the building and integrate stake-
holder opinions. The results provide decision-mak-
ers with valuable insight into the adaptive reuse 
selection problem.

In practice, however, adaptive reuse of exist-
ing industrial buildings may not reflect the highest 
and best use for a site. There may be social and en-
vironmental arguments for why an economic focus 
may be inappropriate. Where reuse is the chosen 
strategy, the selection process for a new functional 
purpose can be assisted by the approach outlined 
in this paper.
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