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Abstract: Demountable classrooms account for 12% of all govern-
ment classrooms in New South Wales and are regarded by many in 
the community as providing inferior teaching environments compared 
to permanent classroom buildings. The first type of demountable 
classroom was designed 40 years ago to provide a rapidly deployable, 
classroom building to respond to rapidly changing needs in communi-
ties in any of the wide variety of climates across the state. Little re-
search into the performance of these buildings has been found in exist-
ing literature. Based on anecdotal evidence it is argued that the 
classrooms no longer meet the needs or expectations of the communi-
ties they serve. ‘Demountable classrooms’ are an intrinsically com-
plex system and exist within other complex environmental and social 
systems. Therefore, it is argued, there can be no single optimal solu-
tion to the challenges raised by function, climate or social contexts. 
This paper proposes a new framework, based on a design led method-
ology, to understand and develop proposals to improve the perfor-
mance of existing demountable classrooms in the climates they en-
counter. The proposal also helps us to understand how the 
performance of lightweight buildings can be improved and adapted to 
changing climates.  
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1. Introduction 

The NSW Department for Education and Training possesses in the region of 
6,000 demountable buildings accounting for 12% of all classrooms 
(Department for Education and Training, 2010). The demountable classroom 
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was originally designed in the 1970’s, with a modified version manufactured 
in the 1980’s, to provide a rapidly deployable, easily transportable, class-
room building. These standard buildings are expected to provide an adequate 
indoor environment across all of New South Wales’ diverse climates that 
range from cool temperate, to hot and dry (desert), to hot and humid (sub 
tropical). Understanding how a building typology that is moved between dif-
ferent sites can be adapted to the different climates it is moved to also helps 
us to understand how buildings can be adapted when the climate they are in 
changes. 

The first part of this paper looks at the existing needs for demountable 
classrooms in New South Wales, Australia and the changing context with 
concerns for sustainability. We argue that a new framework based on build-
ing performance is needed to address these issues. The second part presents 
this framework founded in a design led methodology and based on the holis-
tic framework proposed by the Building Performance Research Unit (BPRU, 
1972). The final part reviews existing research on demountable classrooms 
and explains how the framework can be applied. 

2. The Existing Situation 

Despite often being regarded as inferior to permanent classroom buildings 
by the communities that use them1 (ARC_Linkage_Project, 2011) these 
buildings fulfil an important role within the state education system by allow-
ing the department to respond to a range of conditions: 

• Rapidly changing local demographics and associated school enrolments. 
• Meeting the needs of communities following natural and other disasters. 
• Provide temporary teaching facilities during major infrastructure (renewal 

and development) projects in individual schools. 
• Assist in achieving policy initiatives such as reducing class sizes. 

(Department for Education and Training, 2010) 

There are a number of statutory, social and pragmatic factors encouraging 
or stipulating increased building efficiency. 

                                                 
1From private discussions with members of the Department for Education and others who have conducted 
research in NSW classrooms. 
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2.1 CHANGING ENVIRONMENTAL CONTEXT 

In recent years there has been a change in the context for demountable class-
rooms: Growing international social and political pressure is requiring gov-
ernments and corporations to consider the impact of their activities and facil-
ities on the environment in a holistic fashion leading to the development of 
new methods of measuring efficiency that include factors other than dollars, 
“the triple bottom line”. The United Nations has identified three interde-
pendent and mutually reinforcing “pillars of sustainability” (UN General 
Assembly 60/1, 2005). 

• Environmental sustainability 
• Economic sustainability 
• Social sustainability 

These factors have been integrated into new tools for assessing sustaina-
bility of buildings through the Green Building Council of Australia (GBCA). 
The GBCA operates a star rating system for new and existing school build-
ings (GBCA, 2013, GBCA, 2014 (download)). GreenStar is not a statutory 
requirement but reflects the growing expectation in communities for build-
ings to be efficient economically, environmentally and socially. For minis-
ters there are pragmatic and political reasons for promoting energy efficien-
cy and improved building performance (Education Minster Adrian Piccoli; 
Telegraph 21/09/2011) (NSW Minister for Education Adrian Piccoli, 2012). 
School principals are aware of the responsibility that their schools have to 
reduce the environmental cost and financial burden. 

3. New Framework Based on Building Performance  

3.1 INTRODUCTION 

In 1972 the concept of “Building Performance” was defined by the multidis-
ciplinary BPRU (1972). The BPRU proposed that the design, construction 
and use of buildings should be considered as a single process: An open sys-
tem that contains within it smaller systems and is itself part of a larger sys-
tem with an indeterminate number of interdependencies. The BPRU placed 
the needs and priorities of people at the centre of this system. As a result the 
criteria for the assessment of the performance of the building were estab-
lished around the priorities of people, since, as the reports opening sentence 
explains “It is obvious that buildings are for people” (BPRU, 1972) 

The primary purpose, or objective, of buildings is to modify the local 
climate so that the modified (indoor) climate is appropriate for a particular 
activity or activities. Thus the BPRU place the “Environmental System” at 
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the heart of the conceptual “System” of people and buildings (Figure 2). The 
Environmental System is modified by and connected to the other sub-
systems: Building System, Activity System, Objective System and Re-
sources System. Through an analysis of the larger system the cost (Re-
sources System) and value of achieving the environmental performance ob-
jective can be evaluated.  

The field of evaluating and analysing building performance has devel-
oped significantly since 1972 but the conceptual framework established by 
BPRU remains (Leaman et al., 2010). Buildings are constructed within an 
environmental and cultural context, for the benefit of people who use the 
building, using resources in both construction and use. So the performance 
of a building is assessed from three perspectives: 

• Occupant’s perception and building obsolescence 
• Environmental performance and  
• Economics (cost and value), including the environmental cost 

Figure 2: BPRU Building Performance System (BPRU, 1972) 

3.2 OCCUPANT’S PERCEPTION AND BUILDING OBSOLESCENCE: 
THE ANTITHESIS OF PERFORMANCE? 

The criteria for the assessment of Building Performance change through time 
as our expectations and society adapt to improvements in construction meth-
ods and new technology. Pinder and Wilkinson (2000a) argue that buildings 
are utilities rather than assets and that obsolescence is a measure of their 



 TOWARDS A NEW FRAMEWORK FOR IMPROVING … 295 

changing usefulness (utility) over time. Building Performance and Building 
Obsolescence measure the same things and explain them in opposite ways:  

Building Performance is an essentially positive approach asking “how 
well does this building perform?” Building Obsolescence measures the gap 
between the actual performance and the expectations of the users, ideally to 
understand and mitigate the shortfall in Building Performance. So, as with 
Building Performance, the people who use the building become the essential 
measuring tool: “Occupant expectations are the essential characteristic of 
obsolescence” (Pinder and Wilkinson, 2000a) 

Following Burton (1933) Pinder and Wilkinson (2000b) argue that there 
are two classes of causation for obsolescence: 

• Locational (extrinsic) causes 
(e.g. changing demographics, population movement or density and changing 
climate) 

• Building performance (intrinsic) causes 
(e.g. The thermal performance of the building no longer meets the users ex-
pectations, changing pedagogy and changing technology in the classroom) 

Factors are contributors to either class of obsolescence. Hyde et al (2012) 
have identified three types of factor based on the work of Pinder and Wil-
kinson: 

(i) Economic factors (ii) Social factors, (iii) Environmental factors 

Reflecting the three perspectives of Building Performance and the 
three “Pillars of Sustainability” (UN General Assembly 60/1, 2005). 

3.3 ENVIRONMENTAL PERFORMANCE FOR TEACHERS & PUPILS 

In 2005 Mendell and Heath published a detailed and critical review of re-
search into the influence of indoor air quality and indoor environmental 
quality on the performance of students in class rooms (Mendell and Heath, 
2005). They concluded that the weight of evidence suggests, and in some 
cases strongly suggests, that lower student performance can be linked to 
poor air quality and thermal conditions. 

Studies in climates ranging from the cool temperate UK to the sub tropics 
of Taiwan have shown that there is a preference among students and staff for 
“comfortably cool” conditions (Auliciems, 1969, Auliciems, 1972a, Zhang 
et al., 2007, Hwang et al., 2009, De Giuli et al., 2012, de Dear et al., 2014). 
More involved studies relating temperature and performance have also 
shown a correlation between “comfortably cool” condition as and the highest 
levels of performance (Auliciems, 1972b, Wargocki and Wyon, 2007, 
Pilcher et al., 2002). 
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Literature relating the quality of the indoor environment to student per-
formance regularly cites ventilation rates as a problem in classrooms. There 
is strong evidence that low ventilation rates in classrooms significantly re-
duce pupils’ attention and vigilance, and negatively affect memory and con-
centration. Higher ventilation rates are found to improve student and teacher 
performance (Bakó-Biró et al., 2012, De Giuli et al., 2012, Clements-
Croome et al., 2008). High CO2 concentrations in the indoor air are associ-
ated with poor ventilation and have been correlated to high rates of absentee-
ism (Shendell et al., 2004) and lower performance (Coley et al., 2007, Kajtar 
et al., 2006, Satish et al., 2012). 

3.4 ECONOMICS (COST &VALUE), INCLUDING ENVIRONMENTAL 
COST 

The emerging environmental paradigm requires buildings to be assessed in a 
manner aligned with the BPRU model (fig.1). Reconciling economic, social 
and environmental costs with the performance and utility of the infrastruc-
ture and services buildings and their occupants offer over the lifetime of the 
building. Over a 60 year lifespan the embodied and operational energy split 
for NSW schools is estimated to be 38%/62% respectively (Ding, 2007).  

Assessed against the “three pillars” of environmental, social and econom-
ic sustainability” (UN General Assembly 60/1, 2005) the demountable class-
room proves to have the potential to provide the NSW government with a 
truly sustainable building typology (table 1):  

Table 1: The NSW demountable classroom assessed against the UN sustainability criteria 

Economic sus-
tainability 

• Low financial cost to the community 
• Re-useable, tradable, and adaptable. 
• The modular design makes repair and modification economic. 
• Low cost fabric and fabrication. 

Social sustain-
ability 

• Low financial cost to the community thus allowing valuable resources to 
be used for other community priorities. 

• Rapidly meet the changing needs of local communities including in emer-
gencies. 

• Offers rehabilitation and training to those excluded by society. 

Environmental 
sustainability 

• Relative to “permanent” buildings demountable classrooms have small 
foundations and a corresponding low impact on the site.  

• The buildings and their associated components are reused, adapted and re-
cycled.The lightweight structure is low in embodied CO2-e. 

• The classrooms have (potentially) high operational energy costs to main-
tain thermal comfort and indoor air quality. 

Table 2: Three levels of environmental performance 

Global environment: Embodied and operational CO2 emissions 
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Local environment: Impact on the local site, local pollution fauna and flora 

Internal environment: Thermal comfort and ventilation 

 
The NSW demountable classroom meets two of the three internationally 

recognised criteria for sustainability. The third, environmental sustainability, 
is not met due to the poor environmental performance of the building fabric 
and the resulting high operational energy costs. Environmental sustainability 
and the associated performance of the building can be considered at three 
levels (table 2) 

The modular and adaptable nature of the buildings offers the opportunity 
for adaption to improve internal thermal comfort and air quality while simul-
taneously reducing operational energy consumption. 

4. Applying the Framework to Demountable Classrooms 

4.1 CURRENT RESEARCH ON ‘DEMOUNTABLES’ 

The concept of the industrially produced “demountable” or prefabricated 
building has fascinated architects for years. Richard argues that demountable 
buildings offer a solution to the problems of obsolescence (Richard, 2006). 
The opportunity for a highly integrated design and fabrication system that is 
intended for erection, disassembly, modification and re-erection utilising 
“dry joints” means that it can become relatively simple to modify the build-
ing to meet the changing expectations and needs of people and technology 
and location (Smith et al., 2011). This industrialised approach to construc-
tion offers opportunities for reduced waste and increased recycling of com-
ponents and materials, associated with a reduction in cost and increase in 
quality (Kieran and Timberlake, 2004). The NSW demountable programme 
utilises the opportunities for relocation, re-use and refurbishment but appears 
to have ignored the opportunity for adapting to the changing expectations of 
thermal performance over the last 40 years. For instance including insulation 
in walls may have been an innovation in the 1970’s but the overall U-value 
of the classroom wall is 25% of the statutory requirements for new class-
room buildings.  

The purpose of this paper is to propose a new framework for research in-
to the design of the fabric of demountable classroom buildings and light-
weight buildings more generally in order to achieve high levels of indoor 
environmental quality and so improve the teaching and learning environ-
ment. 

The literature search has not found a detailed study of the building per-
formance or indoor environmental quality of demountable classrooms in 
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NSW or more generally across Australia. In a detailed survey comparing 
prefabricated classrooms and permanent classrooms across the state of Cali-
fornia (Jenkins et al., 2003exec, Whitmore CA, 2003) identified a number of 
problems with the portable classrooms (Table 3), both objective and per-
ceived (by the users), that are reflected in anecdotal comments reported by 
researchers in the Melbourne-ARC linkage project (2011) and by Fuller and 
Luther in their paper from 2003 (Fuller and Luther, 2003). 

Table 3: Key observations by Whitmore et al 2003 and Australian studies 

 California study Australian studies 
Environ-
mental 
(thermal) 
performance 

Portable classrooms were colder than traditional class-
rooms. The survey was carried out during the winter. 

Poor Environmental per-
formance 

Complaints about temperature were similar in portable 
and traditional classrooms (15.8% vs. 17.2% of schools) 

 

Air quality CO2 levels exceed 1000ppm 40% of the time in tradition-
al and portable classrooms suggesting poor ventilation in 
all Californian classrooms. 

Poor or inadequate in-
door air quality 

17% more schools complained about poor IEQ in portable 
classrooms than traditional classrooms 

 

Acoustics Portable classrooms had worse acoustic performance than 
traditional classrooms with 50% exceeding the outdoor 
noise nuisance standards      (55 dBA). 

Excessive noise levels 
that exceed recommen-
dations are a problem. 

Noise levels inside all classrooms failed the international 
standard of 35 dBA. 

Poor Acoustic perfor-
mance 

68% of air-conditioning units are turned off because of 
excessive noise. 

Teachers turn off A/C 
units due to excessive 
noise. 

4.2 SOLUTION SETS METHODOLOGY 

Buildings are an intrinsically complex system and exist within other com-
plex environmental and social systems. Therefore there can be no single op-
timal solution to the challenges raised by function, climate or social contexts. 
It is clear that the deterministic methods of the scientific paradigm, based on 
the fragmentation of the problem and the isolation of individual variables 
(Buchanan, 1992) is not appropriate for a holistic understanding of buildings 
and their users. The problem of the performance of Demountable Class-
rooms across the State of New South Wales, understanding how their per-
formance can be improved and why this may be important from an environ-
mental, social and economic perspective requires an approach that is 
integrative, that does not seek to identify a single optimal answer but ac-
cepts, implicitly, that no single optimal solution can be found for a problem 
consisting of so many indeterminate and interrelated variables. This is a 
Wicked Problem (Buchanan, 1992). It is also clear that in literature many of 
the individual aspects and symptoms of this problem have been examined 
extensively but little work has been done to find a way of integrating the 
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knowledge embedded in these different areas of research into a holistic 
proposition for demountable classrooms in NSW, or, indeed, buildings more 
generally.  

Pinder and Wilkinson (2000a) (2000b) and the BPRU take the expecta-
tions and experience of the buildings users as the central measure of perfor-
mance of buildings as a whole, the individual sub- and meta- systems and 
the interaction of the systems. Based on this assessment the BPRU frame-
work identifies “Building Objectives”, Bastien et al (2013) call these “Chal-
lenge sets” following work by Hyde et al (2007) (2009). The Challenge Sets 
or “Objective Sets” can then be correlated to “Solution Sets” (Hyde et al., 
2009).  

Solution Sets are descriptive models of a combination of systems that can 
be used to improve the performance of an existing or a new building. The 
individual systems are sometimes referred to as interventions. The nature of 
the problem means that there can be no single or optimal solution. Each Ob-
jective Set can lead to multiple Solution Sets. These can in turn be catego-
rised by cost, “buildability” or degree of innovation. Examples of this meth-
od of identifying and categorising objectives and possible solutions exist, for 
instance when developing a briefing tool for the new National Trust Head-
quarters in Swindon, UK, FCB Studios developed a tabulated approach 
where the solution sets are ranked in order of innovation from “Good Prac-
tice” through “Best Practice” and “Innovation” to “Pioneering” (Clegg et al., 
2007, Thomas, 2006). 

Figure 3: The proposed “solution sets table” to be populated through research (the author) 

We propose a similar table (figure 3) that sets building objectives against 
possible solutions based on an evaluation of current performance, an under-
standing and exploration of research into interior environmental quality and 
its influence on education (Mendell and Heath, 2005), coupled with separate 
research into the thermal performance of building fabric in different cli-
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mates, for instance the use of thermal mass to moderate air temperatures 
(Slee et al., 2014a, Slee et al., 2014b), ranked in six levels from “current 
practice” to “pioneering”. 

5 Conclusions 

A review of the limited existing literature on demountable classroom build-
ings, anecdotal evidence and an analysis of the current construction suggest 
that the environmental performance of the demountable classrooms do not 
meet the needs or expectations of the communities they serve. The modular 
and adaptable nature of these buildings, the way in which they are main-
tained and our increasing understanding of the significance of environmental 
quality in classrooms and what influences it means that the opportunity ex-
ists to improve the performance of the classrooms in the diverse climates 
they encounter.  

This paper has proposed a new framework based on the holistic frame-
work proposed by the BPRU and a design methodology to understand and 
improve the environmental performance of the existing demountable class-
room buildings in NSW. The framework is ecumenical rather than dogmatic 
and bridges the gaps between the between the different areas of research into 
the physics and perception of building performance that have become frag-
mented through the scientific paradigm. 

Understanding how this building typology that is moved between differ-
ent sites can be adapted to the different climates it encounters will help us to 
understand how the performance of lightweight buildings can be improved 
now and adapted in the future when the climate they are in changes. There is 
the potential to make these a truly sustainable building typology. The work 
presented here forms the basis for a new holistic research project currently 
being developed between academia, industry and government in NSW, Aus-
tralia. 
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