
OFFICE BUILDING ADAPTATION AND THE GROWING SIGNIFICANCE OF 

ENVIRONMENTAL ATTRIBUTES 

Introduction  

Dense cities are crucial to human-kinds attempts to mitigate the effects of global warming and to mitigate 

calamitous levels of climate change, as the environmental footprint of those in dense cities is lower than 

those in rural areas and low density cities (Batty, 2006. Brand, 2009). The overwhelming proportion of 

building stock will be around for many decades; for example 87% of the building stock the UK will have 

in 2050 is already built (Kelly, 2008). Furthermore the design, construction and operation of most existing 

stock predates current considerations of sustainability, and with new building adding between 1-2% to the 

total building stock annually (Knott, 2007), it is in the adaptation of existing buildings that sustainability in 

the built environment may be delivered. The question is; are voluntary or mandatory measures more likely 

to bring about the necessary changes?  

Recognising the importance of office adaptation as a means of reducing total building related greenhouse 

gas emissions, the City of Melbourne initiated the voluntary 1200 Buildings Program in 2008. The City of 

Melbourne strategy to become a carbon neutral city by 2020 has three key strands (City of Melbourne, 

2003); 

i.  leading edge design of buildings to deliver a reduction of 50% of the greenhouse gas emissions (or 

1,850,000 tonnes) from City of Melbourne buildings, 

ii.  implement new and renewable energy use greening the power supply, and;  

iii.  sequestration of the residual emissions to deliver zero net emissions or offsetting.  

Reported emissions in 2002 were 3.75 million tonnes of carbon dioxide equivalent (t CO2-e) and 

commercial buildings were said to account for 59% of that total (2.21 million t CO2-e). Commercial 

sector emissions are estimated to be 9.9 t CO2-e per employee by 2020 and a reduction to 4.1 t CO2-e is 

the target. This figure translates into an emission reduction target of 1004 kt CO2-e on 2020 business as 

usual emissions. For existing office buildings, a retrofit program of 66% of total stock or 1200 buildings 

was established.  The 1200 Buildings Program is now halfway through the timeframe to 2020. This 

research shows whether there has been a shift in the market towards environmental adaptation by 

assessing the importance of environmental attributes within office building adaptations.  

Reliance on legislation is slow and sustainability is a recent driver, particularly in Australia. It was only in 

2006 that environmental sustainability for offices was introduced into the Building Code of Australia in 

the form of energy efficiency. It will take many decades to transform the stock to comply with current 

code standards. Another recent change was the Mandatory Disclosure Act 2010 which requires an energy 

rating of all commercial space exceeding 2000 square metres at the point of sale or lease renewal (Warren 

and Huston, 2011).  These minimum standards for energy efficiency applied to new build and adaptation 

projects over a certain threshold of work. It is possible the Mandatory Disclosure legislation will have a 



faster impact as the current typical lease term in Australia is 5 years (Warren and Huston, 2011).  Given 

that the first major piece of office building sustainability related legislation was established in 2006; how 

important are environmental attributes within office building adaptations? This research addresses two 

questions; (a) are environmental attributes important in the adaptation of office buildings? And; if so (b), how has the 

level of importance changed over time? The overall aim is to analyse the importance of attributes in office 

building adaptations at the city scale and at two points in time to determine whether the situation in 

Australia is changing.   

Attributes in Building Adaptation  

The definition adopted is; “any work to a building over and above maintenance to change its capacity, function or 

performance’ in other words, ‘any intervention to adjust, reuse, or upgrade a building to suit new conditions or requirements” 

(Douglas, 2006).  This wide-ranging definition enables an analysis of adaptations from minor to major 

works, across and within use. Across use adaptations are excluded from this research. Furthermore 

‘adaptation’ refers to changes to buildings and not to the measures used to respond to consequences of 

climate change.  Decision making with regards to building adaptation is multifaceted (Wilkinson et al, 

2014). Bullen (2007), Bullen and Love (2011), Remøy and Van Der Voordt (2007) and Langston et al 

(2008) all found that the precise classification of the attributes influencing adaptation whether, it was 

within use or across use was not only subjective, but complex and challenging. 

Attributes effecting adaptation are economic, environmental, social, technological, legal and physical 

(Wilkinson, 2011. Wilkinson et al, 2014).  Physical attributes determine whether adaptation is possible 

and/or desirable with all studies identifying age as important (Ball 2002, Nutt et al. 1976). Some 

construction forms and materials make adaptation more expensive and/or difficult because of regulatory 

compliance requirements (Bullen 2007).  Gann and Barlow (1996) found height, construction type, and 

frame condition important. A London study discovered floor size was significant and buildings with 

unusual floor plates or size were harder to adapt compared to open plan space (Kincaid, 2002). Services 

core location was important because it affected flexibility and ability to sub-divide space (Arge 2005, 

Szarejko and Trocka-Leszczynska 2007).  A central location gave greater scope for sub-dividing the floor 

plate and minimised loss of net lettable area. Detached buildings were easier and more desirable for 

adaptation and contractors worked faster with less user disruption (Isaacs in Baird et al. 1996).  Access or, 

the number of entry and exit points to buildings impacted on the ease of adaptation (Remøy & van der 

Voordt 2006).  With building width Arge (2005) and Povall and Eley (in Markus 1979) identified optimal 

benchmarks as 15 to 17 metres, demonstrating these buildings suited more space configurations and user 

needs.  Likewise the technical grid, or distance between structural columns, influenced the ease of 

adaptation for new uses (Arge 2005). Floor strength was vital in Kincaid’s (2002) London study, a 3 to 5 

kN/m² floor suited retail, office and hospital uses. Floor strength determined possible land uses; where it 

was not viable to adapt to office use when floor was 3 kN/m², unless strengthening or replacement was 

undertaken. 



 

The technical grid and services equipment was important to evaluate whether the building could 

accommodate extra capacity (Arge 2005).  Raised floors permitted IT cabling to be upgraded easily and 

zone based internet communication technology provision allowed greater flexibility and adaptability; a 

sought after attribute (Arge 2005). Modularity described modules which could be rearranged, replaced, 

combined, or interchanged (Arge 2005). Buildings with potential for lateral or vertical extension were 

more adaptable as size could be increased to suit new uses and occupiers (Arge 2005). Elasticity, the 

potential for sub-division for either letting or sale, allowed owner’s to keep up with changes in demand 

(Arge 2005).  

Physical location was important in terms of proximity to public transport which is environmentally 

positive as it reduces private car emissions.  The amount of on-site parking was significant where little or 

no public transport was available (Douglas, 2006). Land use attributes were important (Arge, 2005) as 

existing land use impacted the scope for new or changed uses.  Though existing planning zones define 

legally permissible development, sites can be rezoned and a proactive policy approach in Toronto 

increased adaptation (Heath 2001).   

Swallow (1997) concluded adaptation was affected by tenure since it influenced the amount a party was 

willing to invest.  Owners have an interest in perpetuity, whereas lessees have a short term interest for the 

lease term; typically five years in Melbourne. Owners can be institutional or private. Institutional owners 

invest to maximise the return on investment and appoint consultants to evaluate adaptation potential. 

Private owners, may or may not use consultants and may be located offshore with less knowledge of local 

market conditions. This group may hold property for various reasons, such as future development 

potential, for rental income or capital growth.  Private owners may engage in less adaptation, however this 

is unknown.  

The ability to adapt is affected by occupation. With single tenants, when the lease expires owners can 

adapt, however, with multiple tenants, leases are unlikely to terminate simultaneously and the building 

may be partly empty (and not income earning) before owner’s can adapt. Owners can terminate leases 

early, compensating or decanting tenants temporarily or permanently.  

Historic listing protects architecturally or socially important buildings for societal benefit (Ball 2002).  

Heritage adaptation includes possible additional costs of using traditional materials, techniques and 

craftspeople (Bullen 2007).  With legal issues, adaptation benefitted from proactive policies and legislation 

(Gann & Barlow 1996, Ball 2002).  Urban regeneration studies in London and Bristol docklands found 

proactive policy and legislation enhanced retention of existing stock (Bromley et al. 2005).   

Negative factors included proximity to motorway and air traffic noise making properties less desirable, as 

does the existence of deleterious materials such as asbestos.  Negative factors produce force up costs 

(Remøy, 2006). Binder’s (2003) study into re-use of dilapidated buildings found some carried a social 

stigma making change of use adaptation problematic, for example there was a negative association with 

prisons.   



Adaptation has to be economically viable, though costs can be traded against social and environmental 

gains (Kincaid 2002); a perspective of triple bottom line accounting theory. Based on whether the 

intention is to occupy or let, different features are more or less important.  Arge (2005) found owner 

occupied stock had higher ‘adaptability’ criteria compared to speculative designs, and although they were 

more expensive they provided a greater return on investment over the whole lifecycle. However there has 

to be demand for economically viable adaptation; Ball (2002) found positive user demand and active 

marketing by stakeholders were vital in the reuse of vacant stock in Stoke-on-Trent where the demand 

was for low cost accommodation for start-up businesses.  

Market research is critical as it reveals economic aspects such as yield, post adaptation value and 

investment. Chau et al (2003) found a positive relationship between adaptation and the value of 

refurbished residential blocks in Hong Kong.  Lower vacancy rates were a positive economic indicator in 

adapted buildings (Ball, 2002). Depending on condition, it is possible to increase quality, rental and capital 

values with adaptation (Highfield 2000).  Quality is measured by amenity features, services, fixtures and 

fittings. Australian offices are graded by the Property Council of Australia as Premium (the best), A, B, C 

and D grade.  Total costs are important and owners can deliver a project at around 66% of new build, 

however where buildings are complex adaptation costs can surpass new construction (Davis Langdon 

2008).  

Environmental aspects have increased the scope and extent of adaptation (Kincaid 2002).  There can be 

overlap with social, economic and location aspects, for example proximity to public transport provides 

environmental, location, economic and social benefits; thus some attributes can be interpreted on 

multiple levels. The most important environmental impact is the greenhouse gas emissions associated 

with operational energy use (Douglas 2006).  Buildings assessed under assessment methods, such as 

Green Star in Australia, meet standards in respect of environmental criteria including energy use.  Water 

economy, an important environmental attribute within Australia, is included in Green Star (ABGC, 2010). 

Most stock was built with little attention to minimising water use and adaptation offers an opportunity to 

reduce; recycle, harvest and re-use water to increase sustainability.  

The transport occupants use affect building sustainability (Kincaid 2002).  Public transport has lower per 

capita emissions than individuals driving cars, and proximity to public transport features in environmental 

assessments (Davis Langdon 2008).  However, car-parking is a desirable attribute in the Property Council 

of Australia building quality matrix and is a contradiction in terms of market perceptions of quality and 

the perception of environmental features as being highly desirable. Finally energy efficiency, an important 

environmental attribute, was mandated in the Building Code of Australia in 2006 and an earlier study 

found that environmental attributes were not important in adaptations from 1998 to 2008 (Wilkinson and 

Reed, 2011).   

 

 



 

Research method and design  

This research used a building adaptation database to ascertain which attributes are most important 

(Wilkinson & Reed, 2011. Wilkinson in Wilkinson et al, 2014). This approach has the advantages that it is 

not reliant on the subjective views of individuals and secondly, that large numbers of adaptations can be 

evaluated. Other studies adopted a case study approach using small samples of buildings (Blakstad 2001, 

Ball 2002, Kincaid 2002, Kucik 2004, Arge 2005,  Remøy and van der Voordt 2007, Remøy and 

Wilkinson 2012). Using the attributes found important in these studies, the researcher designed and 

assembled a building adaptation database, however the approach is profoundly different due to the 

detailed quantity of data and the method used.  Adaptation attributes formed the fields for the database. 

The sources used to populate the database comprised the Building Commission of Victoria Building 

Permit database, ‘Cityscope’ database (RPData 2008) and the Department of Sustainability and 

Environment database ‘PRISM’ (DSE 2008). Commercial data was obtained from the Property Council 

of Australia (PCA 2007, PCA 2008) with visual inspections completing the database. Much research is 

limited by sample size however every adaptation recorded in the Building Permit database between 

January 2009 and 31st July 2011 was analysed; in total 1,422 events. The database included variables which 

were coded as physical, social, legal, economic and environmental.  The study examined building 

adaptations in a mature commercial market in the Melbourne Central Business District (CBD) in the 

Hoddle grid, a distinct geographical location that has been continuously occupied since 1834. Melbourne 

is a global city with a population of 4.14 million people and this makes the findings relevant to other 

global cities (ABS, 2012).  

 

Principal Component Analysis. 

Principle Component Analysis is a reliable, verified technique of weighting dimensions in cross sectional 

data (Joliffe, 2002) with the capacity to reveal, untangle and sum up configurations of connection within a 

data set (Heikkila 1992). From a number of original variables Principle Component Analysis condenses 

data into a smaller set of new merged factors with a least workable loss of information (Jackson 2003). 

Here Principle Component Analysis reduced the dimensionality of attribute data relating to adaptation. 

The aim was to ascertain the highest level of variance explained by an interpretable group of factors and 

all attributes were appraised. Initially all variables were input into the Principle Component Analysis to 

generate a lesser number of components where factors with Eigenvalues exceeding 1.0 were retained. The 

factors were rotated using an oblique ‘Oblimin’ rotation method; the result being a table of specific 

factors which includes the loadings of single building attributes.  

Different types of adaptation were contained in the database and this paper analyses ‘alterations’ which 

comprised 89%, or 1272, of all adaptations. Adaptations were classified according to extent of works 

undertaken, ‘alterations’ constituted the second level of adaptation after minor works for example, typical 

works would comprise the fit out of one or more floors within an office building but not the whole 



building.  To determine meaning the researcher interprets the pattern of the factor loadings; a subjective 

process (Hair et al. 1995). Following an analysis of the loadings across the factors the minimum threshold 

was 0.5 as recommended by Tabachnick & Fidell (2001). With the list of each factor containing high 

loading building attribute variables, the researcher assigned factor names. For the retained property 

attributes the Kaiser-Meyer-Olkin (KMO) score and a Bartlett test of sphericity are shown in table 1. 

 

Table 1 Kaiser-Meyer-Olkin and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .606 
Bartlett's Test of Sphericity Approx. Chi-Square 1621.785 

Df 45 
Sig. .000 

 

 

The Principle Component Analysis was continued as the KMO of 0.606 exceeded 0.50 and with the 

significance less than 0.05. Kaiser-Meyer-Olkin (KMO) is measure of sampling adequacy and the 

Bartlett’s test of sphericity were used to determine whether Principle Component Analysis was suitable 

for data studied. According to results of these criteria, the data was found to be most appropriate for 

applying Principle Component Analysis (Eyduran et al, 2009 Dunteman, 1989). For a highly detailed 

description of the research methodology, design of the database and statistical method please see 

Wilkinson (2011).  

 

Results 

Ten property attributes were analysed and produced a four component table (table 2).  After the initial 

extraction using 42 variables, the reduced variables retained for ‘alterations’ adaptation events were 

vertical services location, number of storeys, Property Council of Australia grade, NABERS, type of 

construction, Green Star rating, parking, historic listing, street frontage (metres) and aesthetics. The first 

heading under initial Eigenvalues shows the variance explained by each of the ten variables (Dunteman, 

1989). Four components explained 70% of the original variance. The third section shows the Eigenvalue 

of each of the four rotated components. Note that as the components are correlated with each other 

there is some overlap in the variance explained by each factor (Jackson 2003). The total amount of 

variance explained by the four components cannot be obtained by adding the four Eigenvalues. For the 

rotated solution the component loadings and correlations are given in the table 3. Table 2 shows the four 

components for this Principle Component Analysis. 



 

Table 2. Total variance explained Principle Component Analysis ‘alterations’ adaptation events 

Component 

Initial Eigenvalues 

Extraction 
Sums of 
Squared 
Loadings 

Extraction 
Sums of 
Squared 
Loadings 

Rotation 
Sums of 
Squared 
Loadingsa 

Total % of 
Variance 

Cumulative 
% Total % of 

Variance 
Cumulative 
% Total 

1 3 32 32 3 32 32 3 

2 1 15 46 1 15 46 1 

3 1 14 60 1 14 60 2 

4 1 10 70 1 10 70 1 

5 1 9 79     
6 1 8 87     
7 1 5 92     
8 0 4 96     
9 0 2 99     
10 0 1 100     
Extraction Method: Principal Component Analysis. 

a When components are correlated, sums of squared loadings cannot be added to obtain a 
total variance. 

 

Table 3. Pattern Matrixa for ’alterations’ adaptation events 

Property Attributes 
Environmental / 
physical 
 
(Component 1) 

 
Social / physical 
 
 
(Component 2) 

 
Physical 
 
 
(Component 3) 

 
Environmental 
 
 
(Component 4) 

Property Council of 
Australia grade 

0.89 -0.06 -0.02 -0.20 

NABERS  0.82 0.33 0.18 0.16 
Aesthetics  0.78 -0.28 0.03 0.01 
Number of Storeys -0.63 0.10 0.46 0.07 
Historic listing  0.20 -0.76 -0.24 -0.12 
Construction type  0.00 0.52 -0.13 -0.22 
Parking  -0.31 -0.51 0.37 -0.25 

Street frontage (metres) 0.10 0.20 0.96 -0.04 
Vertical services location  -0.01 -0.21 0.62 0.03 
Green Star rating  -0.06 -0.07 -0.05 0.95 

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization. 
a. Rotation converged in 9 iterations. 



Table 4 summarises the main Principle Component Analysis component categories and the component 

names ascribed by the interpretation, which is a subjective task and is largely derived from the labels given 

to attributes by previous researchers noted above and in Wilkinson (2011). 

Table 4. Summary of Principle Component Analysis factors ‘alterations’ adaptations 2009 to 2011 

 
Component 
number 

 
Component 
name 
 

 
Component attributes 

1 Environmental 
and physical 
(32%) 

Property Council of Australia quality grade (29%) 
NABERS rating (26%) 
Aesthetics (25%) 
Number of storeys (20%) 

2 Social and 
physical (15%)  

Historic listing (42%) 
Construction type (29%) 
Parking (28%) 

3 Physical (14%) Street frontage (60%) 
Vertical services location (40%) 

4 Environmental 
(10%) 

Green Star rating (100%) 

 

The attributes Property Council of Australia building quality grade, NABERS rating, aesthetics and 

number of stories were all highly or very highly loaded on component 1 (table 4). These variables explain 

32% of the original variance with component one comprising four attributes. The first three relate to 

environmental and social sustainability, whilst the fourth relates to building size with regards to height 

which is a physical attribute. Offices with a high Property Council of Australia building quality grade are 

likely to have high energy and environmental ratings (NABERS, 2012) and in this case, can be interpreted 

as an environmental attribute. NABERS, is an energy rating measure clearly is an environmental attribute. 

Aesthetics is loaded on component one and relates to building appearance indicating that buildings 

having a poor appearance, such as a worn or outdated form or look are less likely to be adapted. Attribute 

four, ‘number of stories’ is strongly and negatively loaded and is a physical characteristic. These attributes 

are labelled ‘environmental and physical’. 

In component two, three attributes loaded highly; historic listing, construction type and parking (table 4) 

and described 15% of variance. Component two attributes were influenced by social and physical factors. 

Historic listing is has social characteristics or value, whereas parking and the type of construction is 

construed as physical attributes. Historic listing limits, to some degree, the level of work which owners or 

users can undertake. Parking was negatively loaded which implies that provision of parking does not 

positively impact on adaptation in the way it did previously as an amenity. The public transportation 

argument with lower per capita emissions appears to be having a positive impact in Melbourne. Finally, 

the type of construction form, being either skeleton frame or load bearing, has bearing on the flexibility 

and ease and the cost of building alterations.  



 

Two attributes, street frontage (building width) and vertical services location are very strongly and 

moderately loaded on component three and explained 14% of the variance (table 4). The attributes are 

described as physical and related to building size and dimensions as well as the level of flexibility in terms 

of space configuration. One attribute Green Star rated very strongly loaded on component four and 

described 10% of variance (table 4). The attribute measures an environmental rating for a floor or a whole 

building and thus the variable is labelled environmental.  

It is acknowledged that other researchers have categorised some of these attributes differently in the past; 

for example parking can be referred to as a functional attribute or heritage listing can be referred to as a 

political or a legal attribute. This part of the Principle Component Analysis is subjective and the 

researcher is challenged to create a label which best encapsulates the collection of attributes within the 

component.  

‘Alterations’ are the second level of adaptation works and represented the highest number of events, 

demonstrating that most owners engaged in this type of adaptation from January 2009 to July 2011. This 

is a change from earlier activity (Wilkinson and Reed, 2011), but still indicates reasonably high market 

confidence. The period covered by the study immediately followed the Global Financial Crisis of 2008, 

whilst 1422 events occurred, about 46 events per month, it is work that was not as extensive as that 

undertaken during the period 1998 to 2008 (Wilkinson and Reed, 2011).  The earlier study was able to use 

all computerised building permit data from 1998 to 2008 however this study found no evidence that 

environmental attributes were important (Wilkinson & Reed, 2011) and this second follow up study was 

undertaken a reasonable time after, and also after environmental regulation was enforced in the Building 

Regulations in 2006 and in the Mandatory Disclosure Act in 2010. ‘Alterations’ adaptations are typically 

undertaken when leases expire and new tenants move in or to refresh spaces to attract new tenants in 

order to maintain the low vacancy rates.  

 

Discussion and interpretation 

When all building permits were considered, works to office buildings represented 55% of all CBD 

activity, followed by retail at 29% and it is apparent the City of Melbourne strategy is focussed on the 

sector which is most active with the potential to deliver the highest level of emissions reductions. The 

1272 ‘alterations’ adaptation events were analysed in the Principle Component Analysis, because 

according to Jackson (2003), at least 100 cases or five times the number of attributes are required to 

undertake a reliable Principle Component Analysis. As there were 42 attributes to analyse the minimum 

sample size would be 210 and ‘alterations’ adaptations only met this criteria (table 5).  

 

 

 



Table 5 Total events Melbourne CBD 2009 to 2011 

Adaptation level Total events January 2009 to July 2011 
Level 1 - Minor works 1 
Level 2 – Alterations 1272 

Level 3 - Change of use 3 
Level 4 - Alterations & extensions 123 

Level 5 - New build 17 
Level 6 – Demolition 6 

 

The results of the alterations Principle Component Analysis clearly showed that ten attributes group into 

a four components and accounted for 70% of variance in adaptation. This is a reasonable degree of 

importance for a small number of attributes and the 32 attributes which were progressively removed 

account for the 31% of importance in adaptation.  

The results of the alterations Principle Component Analysis clearly shows that two environmental 

attributes, the rating tools NABERS and Green Star are important in building adaptation at a minor level 

and this is a major change from the earlier study covering the period 1998 to 2008 (Wilkinson, 2011). As 

with the previous study, property attributes do not group together in a neat pattern, for example physical 

attributes pair with environmental and social attributes in one component.  The earlier Principle 

Component Analysis based study concluded that it was possible that previous studies, which looked at 

decision making in building adaptation using a smaller number of case study projects, had simplified the 

groupings of attributes based on logic rather than a quantitative process. The Principle Component 

Analysis overcomes this, using a quantitative objective methodology and a large sample to determine 

which attributes account for the most variance in adaptation and how they group together.  

Physical attributes featured in three of the four components and show that the physical attributes 

remained important, however other attributes such as social and environmental are included. Whilst 

economic attributes did not feature greatly it is possible to interpret the Property Council of Australia 

building quality grade as an economic attribute as well as an environmental one. Similarly the provision of 

parking and an historic listing could enhance a building’s capital and rental values.  

 

Comparison to 1998-2008 study  

Wilkinson’s (2011) analysis of 5290 ‘alterations’ adaptations from 1998 to 2008 did not find 

environmental attributes to be important. The KMO of 0.612 is similar to the Principle Component 

Analysis for the 2009 to 2011 period; however the total amount of variance explained is higher at 82% 

compared to 70% (tables 4 and 6). Both Principle Component Analyses produced four component 

solutions, though more attributes were included in the 1998-2008 Principle Component Analysis. In the 

earlier study 13 attributes were important; six of those, or 46%, featured in the second Principle 

Component Analysis and these were Property Council of Australia quality grade, aesthetics, number of 



 

stories, historic listing, street frontage and vertical services location. Although the results reveal a certain 

level of consistency between the two Principle Component Analyses, it also shows that there is some 

volatility in the results that should be treated with some caution. Given that this is a quantitative 

technique there is no opportunity to ask individuals why some attributes feature in one Principle 

Component Analysis and not another. It could be posited that the absence of the attributes typical floor 

area and gross floor area in the second Principle Component Analysis are captured within the Property 

Council of Australia attribute whereby buildings with higher grades typically have larger floor plates and 

gross floor areas.  The four ‘new’ attributes in the second Principle Component Analysis were; NABERS 

rating, construction type, parking and Green Star rating.  The important attributes from the first study 

were labelled physical and size, amenity and flexibility potential, land and social and did not include any 

environmental attributes (Wilkinson & Reed, 2011). Table 6 shows the 13 attributes in the Principle 

Component Analysis from the 1998 to 2008 study. 

Table 6 Summary of Principle Component Analysis factors ‘alterations’ adaptations 1998 to 2008 

 
Component 

number 
 

 
Component name 

(% of variance 
explained) 

 
Component attributes 

(% of variance explained within factor) 

1 Physical and size (42%) Degree of attachment to other buildings (22%) 
Typical floor area (22%) 
Gross floor area (19%) 
Number of storeys (19%) 
Site access (18%) 

2 Amenity and flexibility 
potential (20%) 
 

Existing land use (40%) 
Vertical services location (35%) 
Property Council of Australia building grade (24%) 

3 Land (11%) Street frontage (60%) 
Property location (40%) 

4 Social (9%) Historic listing (45%) 
Age in 2010 (28%) 
Aesthetics (27%) 

 

Conclusions 

The research questions were; are environmental attributes important in the adaptation of office buildings, and if so, 

how has the level of importance changed over time? On the basis of this analysis, environmental attributes were 

important in alterations adaptations in the Melbourne CBD between January 2009 and July 2011. The 

NABERS energy rating tool, required by the Mandatory Disclosure legislation of 2010 (Warren and 

Huston, 2011), accounted for 26% of the importance within component one which explained 32% of the 

original variance.  In the fourth component the environment attribute Green Star, the voluntary 

environmental assessment tool, accounted for 100% of importance within the component which 

explained 10% of the original variance. It is argued that the degree of importance is relatively limited, to 

8% and 10% respectively, for NABERS and Green Star. However this is a change from the earlier study. 



The second question asked how the level of importance of environmental attributes has changed over 

time. This analysis shows it has become important compared to the results of the 1998 to 2008 study 

(Wilkinson, 2011). Two pieces of legislation appear to have affected the market. Firstly, the 2006 energy 

efficiency requirement of the Building Code of Australia is now making an impact in the market. 

Secondly, the introduction of Mandatory Disclosure legislation in 2010 and the short term nature of 

Melbourne commercial leases means a significant number of properties are assessed annually; this 

legislation appears to be having an effect where a greater number of buildings are now rated. In contrast 

the 37 property owners who had formally entered the 1200 Building Program in 2009 to 2010 (City of 

Melbourne 2012) would not have affected the 1272 adaptation events analysed in this study. It is likely 

that the Mandatory Disclosure legislation effect will continue as more leases expire over the coming three 

year period and the opportunities for adaptations involving some aspects of sustainability present 

themselves to building owners. This research also shows that the Green Star attribute, which is a 

voluntary measure typically adopted by owners of the highest quality stock was of lesser importance here 

and the voluntary approach may not have as much impact as a mandatory approach in this market.  This 

study concludes that the alterations adaptation market in office buildings in Melbourne has changed in 

terms of the importance of environmental attributes and this is possibly due to the positive influence of 

the Mandatory Disclosure legislation; as such, it augers well for the future. 
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