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Abstract. Waste in construction can range from excess materials dis-
carded on the construction site through to the unnecessary demolition 
of parts of buildings that could be re-used in new structures. This pa-
per reports on research which explores the factors leading to the holis-
tic reduction of waste in construction. The research described is part 
of an Australian Research Council Linkage project entitled “Recon-
sidering sustainable building and design: a cultural change approach”. 
A series of charrettes have been planned to elicit responses from a 
large number of stakeholders with experience in the delivery of green 
buildings. This paper reports on the outcomes from the initial two of 
the series of charrettes where three key research themes have been ex-
plored.  
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1. Introduction 

Waste in the design, construction and operation of buildings can take many 

forms. Initially, waste can be produced from the demolition of old buildings 

to make way for new construction. During the construction phase, waste is 

often considered in terms of (though it is clearly not limited to) the excess 

materials discarded on the building site. Later in a building’s life cycle, more 

waste is produced as materials are removed during periodic re-fitting. A total 

of 16.6 million tonnes of construction and demolition waste was generated in 

Australia in 2007 and approximately 43% of this was disposed to landfill 

(ABS 2010). In a much broader sense, waste can result from delays in con-

struction arising for various reasons including regulatory approval systems. 



356 PULLEN, PALMER, CHIVERALLS, ZILLANTE, ZUO, WILSON 

 

Furthermore, during the operation of buildings over their lifetime, waste can 

also include the greenhouse gas emissions that are produced from fossil fuel 

based energy consumption.  

Definitions of waste vary from the tangible i.e. “any discarded, rejected, 

unwanted, surplus or abandoned matter intended for recycling, 

re-processing, recovery, re-use, or purification by a separate operation from 

that which produced the matter, or for sale, whether of any value or not” 

(Environment Protection and Heritage Council 2010) to the intangible i.e. 

“an act or instance of using or expending something carelessly, extravagant-

ly, or to no purpose” (Oxford University Press 2013). These definitions in-

dicate that the term waste can be interpreted in different ways and this also 

applies to the construction of buildings.   

This paper reports on research which explores the factors leading to the 

holistic reduction of waste in construction. The research described is part of 

an Australian Research Council Linkage project entitled “Reconsidering sus-

tainable building and design: a cultural change approach”. The aim of the 

project is to identify the required changes in building project procurement 

team culture and related factors to bring about a commitment to minimum 

resource usage and waste elimination. The initial phase of the research pro-

ject consisted of a literature review focused on waste production in the con-

struction industry. The review showed that the notion of ‘designing out 

waste’ (i.e. zero waste) appears to not be well-understood or adopted, espe-

cially the connection between it and energy reduction, ecological footprint 

and the link with cost saving and socio-economic benefit (Schultmann and 

Sunke, 2007; Rossello-Batle et al 2010; Ortiz et al 2010). 

Essentially the current state of knowledge has yet to provide a framework 

that is capable of linking team culture with waste elimination and minimisa-

tion of resource usage whilst maintaining the capacity to consider the specif-

ic nature of construction projects. Based on the critical review of the litera-

ture referred to above, three research themes were identified: 

 A cultural shift in the building design team towards encouraging zero waste 

practices. This includes behaviour, attitudes and contractual relationships be-

tween the stakeholders in the procurement of buildings. 

 Sustainability issues associated with resource efficiency and waste elimina-

tion particularly in the area of energy and materials and the effect on the nat-

ural environment.  

 The regulatory framework for building design and its capacity to address zero 

waste including government policies and standards. 
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A major feature of the subsequent research is the use of charrettes to draw 

together and effectively integrate the knowledge of the many players in the 

procurement process. A series of charrettes have been planned to elicit re-

sponses from a large number of stakeholders with experience in the delivery 

of green buildings, as these are normally associated with minimal waste pro-

duction. This paper reports on the outcomes from the initial two of the series 

of charrettes, particularly with respect to the three research themes of cultur-

al shift, sustainability and regulations.  

2. Data collection in charrettes 

2.1. BACKGROUND TO CHARRETTES 

Charrettes have been employed for some considerable time in design and ar-

chitecture projects and more recently for planning and construction activities 

(Hes and Bayudi 2005, Palmer et al 2013). A design charrette can consist of 

workshops and open forums where the participants undertake intense work-

ing sessions often carried out to a deadline. The research charrette is an 

emerging technique of collecting data based broadly on the methods used in 

design charrettes. It uses a similar focused format to probe and gather 

thoughts, opinions and experience from the participants. A major advantage, 

according to Gibson and Whittington (2010) when discussing research char-

rettes used in the construction industry, is due to synergies when industry 

experts are brought together interactively. 

Clearly, careful selection of the invited participants is important in de-

termining the outcomes of the research charrette and this technique should 

be used in combination with other research tools (Gibson and Whittington 

2010).  

2.2 CHARRETTE ONE 

The first charrette occurred on 15
th
 March 2013 and as a focal point for dis-

cussion used the University of Adelaide’s new civil engineering department 

facilities (opened in 2010) known as the Ingkarni Wardli building. This 

building has 11,000m
2
 floor area over nine storeys, cost approximately $100 

million and was the first to be awarded a 6 Green Star rating for education 

buildings from the Green Building Council of Australia. In Green Star Edu-

cation V1, two points are awarded for 80% or more of re-used or recycled 

material from construction and demolition and this was adopted as the min-

imum target for the project. In fact, re-used and recycled content exceeded 
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95% with bricks and tiles from the original building being used in road base 

and some timber was re-used.  

The 13 charrette participants were all selected as a result of their in-

volvement with this project and included the client/owner, architect, occupi-

er, building services engineer, main contractor, project manager, construc-

tion manager, senior engineer, quantity surveyor and ESD consultant. 

Initially, the participants were asked what waste meant to them and this pre-

cipitated a wide range of responses commencing with the more obvious on-

site material waste through to more intangible meanings (see Table 1). 

Table 1. Charrette One. Summary of responses to the question of “what is waste?” 

Tangible waste Intangible waste 

Water resources/materials/matter 

By-products 
Rubbish (packaging and consumables 

Valueless (goods, materials and by-products) 

Incorrect/inappropriate goods 
Damaged/contaminated goods 

Material inefficiencies 

Excess material 
Components disposed of before end of life 

Sub-optimal life of building 

Buildings you don’t need 

Wasted money 

Excess cost 
Material inefficiencies/over-engineering 

Time inefficiencies 

Fees and charges 
Delays 

Contingencies (financial/material/labour) 

Waste of energy 
Wasted effort in design 

Reworking/changes 

Waste due to perceived risk 

Wasted opportunity 

It can be seen that tangible waste mainly refers (directly or indirectly) to 

materials including a large amount of material waste for buildings that are 

not needed, whereas the intangible waste includes a wide range of interpreta-

tions depending on the stakeholder’s perspective. With regard to minimising 

resource usage, there was an appreciation of the importance of this concept 

as evidenced by some of the comments that were recorded during the first 

charrette. From a materials usage and embodied energy perspective, the re-

use and recycling of materials was described as being desirable as follows: 

“I think we did pretty well recycling wise, but re-use was pretty mini-

mal. I think we got a pretty good score in terms of green star recy-

cling, we got 95% of all waste was recycled. I guess the demolition we 

got 95%, for the construction we got close to 98%. Some of the timber 

used in this building is old, the bricks and tiles were compressed or 

broken up as road base and some of the timber also restructured or 

burnt, so again we achieved 98% of the waste was recycled one way 

or another”. 

Overall, the charrette indicated that the stakeholders were aware of the 

importance of the minimising resource usage and waste reduction although 



 THE HOLISTIC REDUCTION OF WASTE IN CONSTRUCTION  359 

  

there was no discussion of prioritising waste reduction over the building life- 

cycle.  

2.3 CHARRETTE TWO 

The second charrette was held on Tuesday 6
th
 August in the Ingkarni Wardli 

building but with a larger group of approximately three times the number of 

stakeholders, including many of those present at the first charrette. There 

were between two and seven representatives for each of the following 

groups, all being associated with green building projects: financi-

ers/owners/occupiers, architects/designers, ESD consultants, building ser-

vices engineers, project managers, building surveyors, construction project 

managers and facilities managers. The aim was to take the concepts that 

emerged from the first charrette and refine them through consultation in or-

der to identify the different perspectives for the reduction of waste over 

building lifecycles. A number of exercises were undertaken including: 

 Further definition of types of waste 

 Locations in the procurement process where particular stakeholders could in-

fluence waste production  

 Causes, solutions and barriers to waste generation 

 Visioning of the design, construction and operation of buildings and the built 

environment in the future with respect to waste. 

This paper concentrates on the causes of waste (exercise c) as defined by 

the different stakeholder groups. Each group were allocated about 30 

minutes to discuss and list those factors that they believed were causes. The 

exercise uncovered a large number of factors (over 50) but some common 

causes (mentioned by particular stakeholder groups) are as shown in Table 2. 

The full range of over 50 factors are listed in Table 3 and these were ex-

amined and interpreted for their relevance to the three themes of cultural 

shift, sustainability and regulations as determined in the initial literature re-

view. Table 3 also shows where the factors are relevant to these three themes 

(abbreviated to C, S and R, respectively) and overall this indicates that ap-

proximately 70% of the wide range of factors have one or more links with 

the three themes and confirms the findings from the literature review of their 

importance. 
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Table 2. Common causes of waste from Charrette Two mentioned by particular stakeholder 

groups 
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Short term rather than a 

life cycle approach to the 

design of the building 
x x       

Behaviour of occupants 

of the building 
x  x x     

Over-design    x x x x  
Legislation  x   x x   
Waste generation not a 
driver  

x x x      

Inappropriate/poor 

brief/documentation 
 x     x x 

Packaging Bldg products       x x 

Table 3. Charrette Two: Exercise C. Causes of waste generation by stakeholder group 

Stakeholder Group Interpretation Theme 

Financiers/Owners/Occupiers  C S R 

 Behaviour of occupants 

 Designers not considering what waste will be 

generated in construction 

 Transportation of products not considered 

 Recycled/re-used products not considered 

 Specifying products that generate 

waste/disposable items 

 Operating buildings, energy and water consump-

tion in buildings designed poorly and where in-
sufficient funding provided. 

Energy, water & resources use  
Embodied energy and resources 

Embodied energy (transport) 

Embodied energy 
 

Resources 

 
Energy, water and resources 

use during operation 

 
X 

 

X 
 

X 

 
 

X 

X 
 

X 

X 
X 

 

X 
 

 

X 

 
 

 

 
X 

Architects/Designers     

 Narrow definition of sustainability – water, solar, 

ESD, insulation 

 Project definition 

 Lack of ability to analyse designs early  

 Refit 

 Short duration thinking (life cycle costs) 

 Waste generation by occupants 

Energy, water and resources 

use during operation 
 

Energy, water and resources 

use during operation 
Life cycle 

Resources 

 

X 
 

X 

 
X 
X 

 

X 
 

X 

 
X 
X 

 

ESD Consultants     

 Aesthetic vs functional performance 

 Preconceived expectation approach 

 Design team understanding of what waste is and 
how it is generated 

 Wants vs needs 

 Over-design 

 Establish methods of quantification 

 Value management – value assignment 

 Government specification/standards 

 

 
 

Resources 

Culture 
Resources 

Energy, water and resources  

 
Regulations 

 

 
 

X 

X 
X 

X 

 

 
 

X 

 
X 

X 

 

 
 

 

 
 

 

 
X 

Building Services Engineers     
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 Inappropriate brief 

 Inappropriate legislation – too stringent 

 Short term view vs life cycle 

 Rating tools not merit based 

 Waste generation not a key driver  

Regulations, policies 
Life cycle 

Energy 

 
Culture 

 
X 

 

 
X 

 
X 

X 

X 
 

 

 
X 

 Proposed re-use of materials not possible  

 Poor documentation, briefing and selection. Con-

tract models and procurement methods 

 Extravagant design - expectations, poor consulta-
tion, consultant ambitions 

 Utility cost in construction - Contractual issues 

 Impact on campus operations -  

 Restocking costs - Poor specifica-
tion/consultation/fit for purpose issues. 

 Packaging - Standardisation 

Resources 

 
 

Culture 

 
Culture 

Culture 

 

 
Resources, culture 
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Building Surveyors     

 Legislative changes – inflexibility 

 Disabled 

 Energy efficiency 

 Occupational health and safety 

 Commonwealth funding prerequisite 

 Australian Standard changes (BCA) 

 People’s expectations 

 Over-design 

 Construction techniques 

Regulations 

Regulations 
Energy consumption, regula-

tions 

Regulations 
Standards 

 
Resources 

 

 
X 

 

 
 

 

 
 

 
X 

X 

X 
X 

X 

 
X 

Construction Project Managers     

 Packaging 

 Material wastage (contingencies) 

 Over-design 

 Improper use of materials 

 Trend to use less expensive materials  

 Under resourced construction teams 

 Partially documented projects 

 Adversarial delivery contracts 

 Duplication of effort/works 

Resources, culture 

Resources, culture 
Resources 

Resources 

Embodied energy (transport) 

 
Culture 

Culture 

 

X 

X 
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X 
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X 
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X 

X 

 

Facilities Managers     

 Air conditioning over-specified 

 Bin enclosures under-specified 

 No key user available to develop design 

 Changing user groups – different service delivery 

 Poor design 

 Poor commissioning – inefficient 

 Poor procurement – over/under order 

 Right size contractor for job 

 Poor feasibility – insufficient research/detail 

 Unique solutions rather than tried/tested  

 The way bldg is used – aircon, light, inefficient  

 General waste costly to dump 

Energy, culture 

Resources 
 

 

 
Resources 

Energy 

Resources, culture 
 

 

Energy, water and resources 
use during operation 

Policies, regulations 
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Of note is the listing of certain factors by particular stakeholder groups. 

The financiers/owners/occupiers displayed a good grasp of sustainability is-

sues including the fact that transportation of products is rarely considered 
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and this adds to the embodied energy of construction materials. This group 

also mentioned that recycled/re-used products are often not considered. The 

architects/designers group expressed concern at the lack of ability to analyse 

designs early in the process and this was mirrored by the request from the 

ESD consultants group to establish methods of quantification. Some criti-

cism of rating tools was made by the building services engineers group as 

not being merit based and also of legislation being too stringent. Project 

managers declared the re-use of materials as not possible due to time and 

cost. Not surprisingly, building surveyors were focused on legislation and 

indicated that they thought it was inflexible which is surprising given the 

possibility of performance based design solutions. The trend to importing 

construction materials was mentioned by construction project managers who 

were of the view that this meant a greater environmental impact of this pro-

curement feature. The facilities managers were critical of many parts of the 

construction procurement process indicating that they felt there should be 

more consultation between the other stakeholders and themselves for better 

outcomes. It was noted that there was no direct reference from the stake-

holder groups to greenhouse gas emissions as a form of waste or the concept 

of a carbon neutral building. This is consistent with the findings of Zuo et al 

(2012) who surveyed a range of industry practitioners and found uncertainty 

about the definitions of low carbon buildings and carbon neutrality. 

Overall, the stakeholders participating in Charrette 2 revealed a wide 

range of knowledge and attitudes towards reducing waste and minimising 

resource usage. These varied from ‘legislation driven’ through to ‘mind-

opening’ and were reflective of the various green paradigms described by 

Birkeland (2002). A further observation was that there were a number of 

suggestions made for reducing waste which may or may not be based on 

sound evidence such as the criticism of importing construction materials be-

cause it was assumed this would involve much more transport energy. Fur-

thermore, some stakeholders were focused on particular waste reduction 

measures which, although effective, would reduce the impact of the building 

on the environment to a limited extent compared with other measures e.g. 

eliminating packaging materials versus reducing life cycle greenhouse gas 

emissions. 

3. Discussion 

The aim of the research project is to help encourage the minimization of the 

use of resources in the construction and operation of buildings over their 

lifecycle as well as reduce waste to as near zero as possible. In the context of 
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construction, there is potential for reducing waste wherever resources are 

used in their various forms. Resources can have a variety of meanings but 

the term commonly refers to materials, energy, water, financial and human 

resources. To minimise the consumption of resources in a comprehensive 

way, it is necessary to consider the building process in a wider sense than 

just the construction phase. A hierarchy for minimising the impact of re-

sources in construction has been reviewed by Pullen et al (2012). This raises 

the concept of reducing consumption by the elimination of waste over the 

building lifecycle rather than just the construction phase.  

The findings of the initial review of literature on waste elimination and 

reduction in the consumption of resources determined three key themes 

which are cultural shift, sustainability and regulations. The results of the two 

charrettes, with a wide representation of stakeholders, has confirmed the rel-

evance of these themes and this provides clear direction for future research 

aimed at providing best practice guidelines. The combination of the themes 

and a lifecycle approach defines a framework for the next stages of the re-

search project. The charrettes have provided a rich source of data for identi-

fying the solutions and barriers to waste generation and longer term aims for 

the future (exercises c and d). 

The two charrettes have shown that the stakeholders collectively have a 

comprehensive knowledge of reducing waste and minimising resource usage 

due to their individual experiences of green building projects. However, the 

stakeholder groups had different views depending on their particular inter-

ests, experience and influence on the building lifecycle. This raises certain 

questions for the next phases of the research: 

 How do you assign a relative importance and weighting to the efforts and 

targets in minimising resource consumption and waste elimination?  

 What is the rationale or strategy for such decisions? 

 Should more effort be expended in re-use and recycling of demolished  

materials or should the reduction in operational energy be a major target?  

4. Conclusion  

Research charrettes have been found to be an effective way of obtaining 

large amounts of information and data from the various groups of stakehold-

ers with experience in the construction and operation of recently completed 

green buildings. The data from Charrette One and the “Causes” exercise of 

Charrette Two have been analysed The three research themes of cultural 

shift, sustainability and regulations were determined as important from the 

literature review and this has been confirmed by the outcomes of the char-
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rettes. The involvement of the various stakeholders from initial concept 

through to construction, operation and end-of-life necessitates a lifecycle ap-

proach to determining solutions for waste minimisation and this has been 

combined with the three research themes to frame the next phases of the pro-

ject. This will assist in assigning priorities to the various efforts in eliminat-

ing waste and reducing resource consumption such that a more holistic and 

targeted approach can be taken. 
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