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ABSTRACT
Construction waste minimisation and avoidance at the design stage of a construction project is the most 
favourable solution in the existing waste management hierarchy triangle. However, there are currently 
only a limited number of exploratory and context-specific studies that state effective construction waste 
minimisation factors which can be implemented during the design stage. This can be regarded as a relatively 
new concept and new research topic, especially as no studies have been done in a South African or a 
Gauteng region context. This research report aims to address this local knowledge gap. 

The research method included an initial conceptual framework of factors (identified from surveying both 
global and local literature) as a launch pad in order to quantitatively survey design consultants in Gauteng 
with regards to both the significance and ease of implementation of the identified factors. The research 
target population consisted of; architects, architectural technologists, architectural draughtsman, structural 
engineers, structural technologists, structural draughtsman and finally sustainability consultants. The 
target population was further narrowed by only including designers who have both attempted to minimise 
construction on greenfield projects in Gauteng and who have received Green Building Council of South 
Africa (GBCSA) accreditation on the same project. 

This report presents a hierarchical list of twenty-six critical factors that can be implemented during the 
design stage in order to minimise or avoid construction waste in the context of Gauteng, South Africa. 
The report further indicates which of these factors will be easier to implement than others. These factors 
are aimed mainly at clients of construction projects, as they are in essence the stakeholders who will 
contractually enforce designers to implement these construction waste minimisation factors in order to 
lower project costs. Furthermore; these factors will also serve as valuable references for the Gauteng 
Provincial Government as the factors can be utilized in order to drive provincial construction waste 
regulations and eventually national reform.

This report concludes that the overall most favoured criƟ cal factors (which are both signifi cant as well 
as easy to implement) in eff ecƟ ve construcƟ on waste minimisaƟ on at the design stage of Gauteng 
projects are (in order of the most favoured to the least favoured soluƟ ons); designers should make use 
of standardizaƟ on; designers should specify off -site preparaƟ on, pre-assembly, prefabricaƟ on & precast 
components; designers should communicate and co-ordinate effi  ciently and eff ecƟ vely with other 
consultants at the design stage; designers should supply adequate informaƟ on on drawings and avoid 
lacking or incorrect design and detailing packages; designers should specify re-usable, reclaimed, salvaged 
or recycled materials and designers should implement Building InformaƟ on Modelling (BIM) at the design 
stage.

These factors are most likely to be uƟ lized as part of a context-specifi c and robust waste minimisaƟ on 
strategy in Gauteng.
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Yuan (2013b: 477) defined effectiveness of construction waste management 
as “the degree to which objectives are achieved when implementing 
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1. INTRODUCTION
1.1 Construction Waste Context
1.1.1 Global Construction Waste Context
Due to rapid population expansion across the globe, there is an increasing demand for infrastructure, 
commercial buildings and residential projects. This is particularly noticeable in developing countries, like 
South Africa, that have been undergoing numerous urbanization and urban renewal programmes in recent 
years. In combination, these developments lead to a vast amount of construction waste being produced. 
It is estimated that about 40% of waste generated globally is as a result of construction activities (Sutrisna, 
2012: 135; Yuan, 2013a: 101). Table 1.1 shows the Construction Waste in Million Metric Tons per Year as 
generated in various global contexts. This construction waste leads to monetary costs and environmental 
issues, yet construction waste minimisation and avoidance thereof at the design stage of a project is viewed 
as a relatively new concept or one of low priority by architects and designers globally (Baldwin, et al., 2009: 
2067; Nagapan, Rahman & Asmi, 2012: 1, Osmani, 2008: 1156, 1157;  Wang, Li & Tam, 2014: 2). 

This is unfortunate, as is noted by Osmani (2008: 1147), as approximately one-third of construcƟ on waste 
could essenƟ ally accrue from poor or uninformed design decisions. In another study done in Iraq, results 
showed that construcƟ on waste can be reduced by up to 62% by merely making use of a few simple design 
changes in some of the building pracƟ ces (Kharrufa, 2007: 2053). By the Ɵ me that the project reaches the 
construcƟ on phase, majority of the opportuniƟ es for waste reducƟ on have already lapsed (Dainty & Brooke, 
2004: 22).

It is unfortunate that construcƟ on material waste is oŌ en seen as “an inevitable by-product of major 
construcƟ on projects” (Dainty & Brooke, 2004: 20). The construcƟ on waste rate within the industry is 
currently esƟ mated to be as high as 10-15% of the total material required for the execuƟ on of the project 
(Dainty & Brooke, 2004: 20). Yeheyis (2013: 81) in turn stated that 75% of construcƟ on waste has a residual 
value and can thus be recycled, salvaged or re-used. Based on this residual value and the construcƟ on 
waste rate, one can thus deduce that 7.5-11.25% of the material costs accrued by the client during the 
construcƟ on project are possibly salvageable. 

Table 1.1: Construction Waste in Million Metric Tons per Year in numerous Global Contexts

Context
Construction Waste in 

Million Metric Tons 
per Year

Reference

USA 170 Al-Hajj & Hamani (2011)
UK 120 Domingo et al. (2009) & Osmani (2012)

China 100 Wang, Li & Tam (2014)
Germany 59 Jaillon, Poon & Chiang (2009)

Spain 40 Nagapan et al. (2012)
UK 30 Jaillon, Poon & Chiang (2009)

Dubai 28 Al-Hajj & Hamani (2011)
France 24 Jaillon, Poon & Chiang (2009)
Italy 20 Jaillon, Poon & Chiang (2009)y , g ( )
India 14.5 Sutrisna (2012)

Hong Kong 14 Baldwin et al. (2009)
Netherlands 11 Jaillon, Poon & Chiang (2009)

Canada 9 Yeheyis et al. (2013)
Belgium 7 Jaillon, Poon & Chiang (2009)
Austria 5 Jaillon, Poon & Chiang (2009)

Portugal 3 Jaillon Poon & Chiang (2009)Portugal 3 Jaillon, Poon & Chiang (2009)
Denmark 3 Jaillon, Poon & Chiang (2009)
Greece 2 Jaillon, Poon & Chiang (2009)
Sweden 2 Jaillon, Poon & Chiang (2009)
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1.1.2 Local Construction Waste Context - Research opportunity identified
ConstrucƟ on Waste in South Africa
Nagapan et al. (2012: 1-2) idenƟ fi ed South Africa as a country with “a serious problem” in terms of physical 
construcƟ on waste. Engledow in turn (2010: 17) idenƟ fi ed the “low priority status” of physical construcƟ on 
waste management in South Africa together with its “negaƟ ve impact on the environment and human 
health.” 

From a client’s perspecƟ ve; waste generaƟ on on site consumes valua ble Ɵ me and eff ort of the contractor 
and results in losses in material, project delays, cost over-run and even the execuƟ on of non-valuable work 
performed.

Wang, Li and Tam (2014) noted in a recent study that a research opportunity existed in idenƟ fying the 
factors which will minimise construcƟ on waste with specifi c focus on the design stage. This study resulted 
in a criƟ cal list of factors which will reduce construcƟ on waste based specifi cally on a Chinese context. From 
the InternaƟ onal ConstrucƟ on Cost Survey 2012 (Turner & Townsend, 2012:14, 30) it can be deduced that 
South African material costs are approximately double than material costs in China. It can also be deduced 
that South African labour costs are higher than labour costs in China. Furthermore; in The Rands and Sense 
of Green Building (Milne, 2012: 16) it is stated that the construcƟ on and on-going operaƟ on of buildings 
in South Africa generate 40% of waste going to landfi ll which is double the amount of construcƟ on waste 
going to landfi lls in China (Baldwin, et al., 2009: 2067). It was thus idenƟ fi ed that the South African body of 
knowledge will greatly benefi t from a similar study like Wang, Li and Tam (2014) in a local context, due to 
the potenƟ al higher cost savings on materials, potenƟ al higher cost savings on labour as well as potenƟ al 
environmental and social benefi ts.

ConstrucƟ on Waste in Gauteng
The problem of construcƟ on waste in Gauteng is evident in Figure 1.1 and Figure 1.2 which are both offi  ce 
block construcƟ on projects in upmarket areas of Johannesburg. The author can thus conclude that due 
to Gauteng being both the economic and development hub of South Africa (and essenƟ ally southern 
Africa) and since the built environment has expanded rapidly in Gauteng over the past couple of years, 
construcƟ on waste has become an increasing problem, more so than in other provinces in South Africa.

This is further supported by The Gauteng Provincial Government’s Provincial Building & Demolition Waste 
Guidelines (2009: 11) which state that approximately 42% of the overall waste generated in South Africa 
is from the Gauteng Province and approximately 25% of waste entering landfills in Gauteng are from 
construction activities.

Fig 1.1: [Photograph by Author] Hoarding of 
construction waste on Site “X”, which is the 
construction of a large A-grade high rise office 
block in Sandton, Gauteng.

Fig 1.2: [Photograph by Author] Piled up 
construction waste on Site “Y”, which is the 
construction of a large low rise office block in 
Rosebank, Gauteng.
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1.1.3 Construction Project Stakeholders’ perspectives on Construction Waste Minimisation
Globally there has been an increase in construcƟ on waste disposal and recycling fees which adversely 
aff ects the fi nances of both the client commissioning the construcƟ on work as well as the contractor who 
disposes of the waste. This is the primary reason why construcƟ on industry stakeholders should rethink 
waste management pracƟ ces and should encourage waste reducƟ on at the source as opposed to merely 
managing or recycling produced waste. This behavioural mind-shiŌ  amongst stakeholders will posiƟ vely 
contribute to the construcƟ on industry in terms of economic, social & environmental sustainability  (Lu & 
Yuan, 2010: 202; Poon, 2007: 1715).

Osmani (2008: 1147, 1156) noted that construcƟ on waste essenƟ ally accrues from a lack of awareness 
during the design stage as “waste reducƟ on is rarely considered during daily life in an architect’s offi  ce”. 
This is due to architects assuming that waste is mainly produced during construcƟ on site operaƟ ons. This is 
echoed by quanƟ ty surveyors who are of the opinion that there only a “few measures” that could be taken 
to reduce construcƟ on waste (Jacques, 2000: 144). Othman (2011: 337) stated that “in South Africa 76% 
of design fi rms indicated that they required contractors’ experience in their design because contractors 
have beƩ er knowledge about material availability and appropriate technology that aff ects design and cost” 
yet contractors are reluctant to off er pre-construcƟ on advice which results in depleƟ on of both their and 
the client’s profi ts (Oladiran, 2009: 165). Contractors do not feel that waste management is part of their 
“core responsibiliƟ es” and oŌ en have poor or unƟ mely communicaƟ on skills (Dainty & Brooke, 2004: 21; 
Othman, 2011: 340). Contractors thus miss the golden opportunity to pro-acƟ vely address constructability 
issues during the design stage which will prevent rework on site and thus prevent construcƟ on waste. 
Furthermore contractors do not pracƟ ce construcƟ on waste source separaƟ on, source reducƟ on, reuse or 
recycling on construcƟ on sites. This may be due to the potenƟ al costs associated with these pracƟ ces or the 
lack of knowledge regarding construcƟ on waste minimisaƟ on (Begum et al., 2009: 326).

Furthermore Domingo et al. (2009: 1028) stated that clients do not consider construcƟ on waste a priority 
and see it as the contractor’s responsibility, even though they acknowledge that it is an important 
fi nancial consideraƟ on. Osmani et al. (2008: 1150, 1151) in turn stated that it is in essence the architect’s 
responsibility to inform the client of the impact of waste reducƟ on as well as the associated costs thereof, 
yet this is not being implemented in pracƟ ce enough as the architectural profession is not currently 
culturally, strategically and logisƟ cally focused on construcƟ on waste reducƟ on.

This is unfortunate, as if waste minimisaƟ on pracƟ ces is integrated during the design phase of projects 
amongst all stakeholders, it will reduce construcƟ on Ɵ me, improve quality of construcƟ on work and 
improve producƟ vity of labourers (Othman, 2011: 333).  These factors all contribute posiƟ vely to the 
government, designers, contractors & clients (Lu & Yuan, 2010: 202).

1.2. Research Problem, Research Question, Delineations, Assumptions & Limitations
1.2.1 Research Problem

Physical construcƟ on waste minimisaƟ on and waste avoidance is not 
considered a high priority by architects and designers within the design phase 
of a construcƟ on project. As this is a relaƟ vely new concept; criƟ cal factors 
guiding waste minimisaƟ on in the Gauteng region do not currently exist. 
Therefore, the problem to be invesƟ gated is the idenƟ fi caƟ on of these factors.

1.2.2 Research Question

What are the criƟ cal factors that will minimise physical construcƟ on waste 
producƟ on at the design phase of greenfi eld (undeveloped) construcƟ on 
projects in a Gauteng region context?

1.2.3 Research Sub-Questions
• How are the idenƟ fi ed construcƟ on waste minimisaƟ on factors within a Gauteng region context ranked 

in terms signifi cance?
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• How are the idenƟ fi ed construcƟ on waste minimisaƟ on factors within a Gauteng region context ranked 
in terms of ease of implementaƟ on?

1.2.4 Research Delineations
• The resulting critical factors will be limited to design phase factors & strategies only and will therefore 

not include either the procurement or the construction phase.
• The resulting critical factors will be limited to new builds on Greenfield (undeveloped) sites only and will 

therefore not include renovation or alteration construction projects.
• The critical factors (which were identified by means of a global literature review) will only be tested and 

validated within a Gauteng region context. This is due to Gauteng having the majority of the accredited 
green buildings in South Africa (www.gbcsa.org.za/projects/cerƟ fi ed-projects). 

• The critical factors which was identified by means of a global literature review will only be tested 
and validated within the Gauteng region context‘s designers. This includes architects, architectural 
technologists, architectural draughtsmen, structural engineers, structural technologists and structural 
draughtsmen. Sustainability consultants (consultants whose main role is to advise other professions in 
the built environment) are also included as they provide design guidance to designers within the design 
stage of projects. Project managers were excluded as they are seen as providing more a managerial role 
as opposed to having a hands-on approach during the design stage.

1.2.5 Research Assumptions
• Designers are assumed to have the most knowledge regarding construction waste minimisation during 

the design phase as they are the key stakeholders in this phase of construction projects (SACAP, 2000).
• It is assumed that designers who have worked on Gauteng accredited green buildings will have cuƫ  ng-

edge knowledge about current industry pracƟ ces and thus carry knowledge about the best contextual 
pracƟ ces to minimise construcƟ on waste. This is based on the fact that the GBCSA encourages 
construcƟ on waste minimisaƟ on by rewarding good pracƟ ces with points which may ulƟ mately lead to 
green star raƟ ngs (GBCSA, 2008: 31). 

• Dainty & Brooke’s (2004) study entitled “Towards improved construction waste minimisation: a need for 
improved supply chain integration?” ranked waste producing factors identified in the United Kingdom in 
order of significance. It is thus assumed that the identified factors in Gauteng region can also be ranked 
in terms of significance.

• Dainty & Brooke’s (2004) study entitled “Towards improved construction waste minimisation: a need for 
improved supply chain integration?” ranked waste producing factors identified in the United Kingdom 
in order of ease of implementation. It is thus assumed that the identified factors in Gauteng region can 
also be ranked in terms of ease of implementation.

1.2.6 Research Limitations
• This study will not associate the identified critical factors in effective construction waste minimisation in 

Gauteng with potential waste volume savings. This is due to every construction project being a unique 
endeavour.

• The resulting overall solutions in this context-specific study will not be generalizable to any other 
context.

1.2.7 Research Constraints
Research constraints may include the willingness of respondents to answer online questionnaires due 
to time constraints in practice and the limit of knowledge that they provide. Some respondents may 
never have received the questionnaire invitation and other may not give validated, credible and reliable 
information due to lack of experience on the topic. Constraints can also include how respondents are 
sampled. This will be discussed further in the research methodology chapter.

1.3 Consequences of the Problem of Construction Waste (Significance of the Study)
1.3.1 Economic & Cost consequences

“Waste costs money” (Baartjies, 2010: 13). 
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Coventry & Guthrie (1998: 9) identified numerous economic disadvantages in terms of construction waste 
production by analysing costs arising from the entire life-cycle thereof. The costs in terms of construction 
waste include the original purchase price, transportation costs to and from the site, the cost of sorting the 
waste (labour costs), the cost of storing the waste, the cost of disposing of the wastes and finally the loss 
of revenue from not reclaiming waste materials. These costs may directly and indirectly affect having both 
lower operations and maintenance costs (Milne, 2012: 136). It can thus be deduced that the client will 
be the main benefactor of this study as he is ultimately the person who pays for both the operations and 
maintenance costs as well as the project as a whole and ultimately for all the construction waste which is 
produced. 

Clients have the greatest influence with regards to construction waste as they are in a position of authority 
to set environmental standards to which the professional team should comply (Dainty & Brooke, 2004: 22). 
This includes contractually requesting and advising designers to make use of waste minimisation strategies 
and designers thus become the secondary benefactors of the study. 

Dealing with a vast amount of physical construction waste on site may also be a time-consuming task for 
the contractor and may result in project time over-runs which will adversely affect the client in terms of 
finances. In literature it is argued that “waste management can act as a profit centre in its own right” and 
that clients & companies can have a “competitive advantage” by means of adopting waste management 
& minimisation strategies (Dainty & Brooke, 2004: 20). It can thus be concluded that waste management 
& minimisation will aid in speedy delivery of building projects at minimum costs, which is ultimately the 
client’s main goal (Adjei-Kumi & Kpamma, 2011: 102).

1.3.2 Social & Environmental Consequences 
Some clients, in particular large corporate companies, consider construction waste minimisation as part of 
their corporate social responsibility (Sutrisna, 2012: 147). This in turn supports why the client is in essence 
the stakeholder who will benefit from construction waste minimisation knowledge the most. In Saez et al.’s 
(2013) study in Spain the authors concluded that the main advantage for implementing measures to reduce 
construction waste was that it improves the corporate image and thus the business reputation of the 
company. This can be of particular interest to clients in a South African context as the “low priority status of 
waste management has had a negative impact on the environment and human health within South Africa” 
(Engledow, 2010: 17).

Environmental consequences include the fact that construction waste occupies landfills which in turn 
pollutes the environment. This not only endangers the health of human beings, but also negatively effects 
the natural environment and habitats that all living creatures live in. In the long run this affects climate 
change and thus the planet’s overall sustainability. (Poon, 2007: 1; Wang, Li & Tam, 2014:1; Yeheyis et al., 
2013: 81). 

1.4 Objectives of the Research
1.4.1 Primary objective of the study
The primary objective or purpose of this study will be to determine the critical factors in effective physical 
construction waste minimisation at the design phase of a greenfield (previously undeveloped) construction 
project in the Gauteng region context. These factors will in turn be ranked in terms of both the significance 
these factors will have in a Gauteng region context and in terms of ease of implementation in Gauteng.

This research will therefor aim to add to the current yet limited body of knowledge in South Africa by stating 
a useful set of overall solutions for effective reduction of physical construction waste.

1.4.2 Literature objective of the study
The Government of South Africa published the National Environmental Management: Waste Act, Act No. 
59 of 2009 in order to reform general waste management policies in South Africa by law (Wiechers, 2010: 
25). It is thus crucial to identify critical factors to avoid and minimise the generation of construction waste 
in order to support the objectives of this Act as this Act does not currently address construction waste 
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separately from municipal waste. The Gauteng Provincial Government’s Provincial Building & Demolition 
Waste Guidelines (2009) does however provide some non-legislatory guidelines as to minimise construction 
waste in South Africa. This is contrary to the United Kingdom’s government who has fully committed to 
sustainable construction strategies and waste minimisation practices (Domingo et al., 2009: 1022-1023).

The findings of this study can thus drive national reform as the criteria may be valuable references for policy 
makers for the South African government to formulate construction waste minimisation strategies. 

1.5 Research Methodology 
The research methodology which will be used to invesƟ gate this problem will be an emancipatory theory 
research design method aŌ er Creswell (2009: 25). This exploratory research design will fi rstly incorporate 
qualitaƟ ve approaches (deriving a conceptual framework from the current body of knowledge) which 
in turn will be followed by quanƟ taƟ ve techniques (online survey quesƟ onnaires which tests the iniƟ al 
conceptual framework in a local context). The results will be staƟ sƟ cally analysed and interpreted to 
produce a set of ranked criƟ cal factors for physical construcƟ on waste minimisaƟ on within a Gauteng 
region context. In summaƟ on the study approach is thus a strategy of inquiry in which current pracƟ ces are 
explored in depth in the context of the Gauteng Province. (Creswell, 2009: 30; Saunders et al., 2012: 167; 
179).

Wang, Li and Tam (2014), who did a similar study within a Chinese context, made use of a similar research 
design methodology to derive at ranked criƟ cal factors that will minimise construcƟ on waste at the design 
stage of Chinese construcƟ on projects. This research methodology has complementary strengths as 
the second part of the research (which encompasses validaƟ ng the conceptual framework by means of 
quesƟ onnaires) will aid in exploring the applicability and the signifi cance of the iniƟ al conceptual framework 
idenƟ fi ed in the literature review. Furthermore and beyond the study of Wang, Li & Tam (2014) this study 
will also invesƟ gate the ease of implementaƟ on of the idenƟ fi ed factors as per Dainty & Brooke’s (2004:22)  
article entitled Towards improved construction waste minimisation: a need for improved supply chain 
integration.

1.6 Structure of the Research Report
This research report consists of multiple preliminaries which includes a list of acronyms, a list of 
abbreviations and a table of definitions in order to clarify the research. This section also contains a list 
of figures, a list of tables and a list of graphs which are all listed on conjunction with corresponding page 
numbers for ease of reference.

Chapter 1 consists mainly of the global and local context and the empirical substantiation of the research 
problem. This chapter also includes the research problem statement, research question, research sub-
questions, delineations, assumptions, limitations, constraints, the consequences of the problem (economic, 
cost, social & environmental) as well as the objectives of the study. This chapter also briefly states the 
proposed research methodology, but that is discussed in depth in Chapter 3.

A comprehensive literature review can be found in Chapter 2 in which previous studies of construction 
waste minimisation were explored in terms of research contexts, research approaches, research 
methodologies and ultimately research findings. A conceptual framework was derived from the literature 
review which served as a launch pad for research carried out in the Gauteng region context. The prevalent 
as well as the non-prevalent factors of this conceptual framework are discussed with specific reference to 
a Gauteng region context. Furthermore this chapter discusses the adverse effects of construction waste 
and how context-specific parameters like construction materials, construction method selection, labour, 
automation & robotics as well as policies and legislation may affect construction waste. The chapter 
concludes with a discussion on the barriers identified in terms of implementing construction waste 
minimisation factors as well as the role that the Green Building Council South Africa (GBCSA) plays in 
Gauteng in terms of construction waste minimisation.

Chapter 3 in this research report discusses the research philosophy, research approach, research 
methodology and research design incorporated in this report. This includes justification of the research 
methodology as well as discussions with regards to the online questionnaires sampling techniques utilized 
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in conjunction with ethical considerations. This chapter also discusses validity, constraints & reliability of the 
research as well as how gathered data will be analysed.

Chapter 4 discusses the research findings within the study. This chapter firstly analyses the response rate 
of the questionnaires together with the associated confidence level of the study. This is followed by an in-
depth analysis of the demographic profile of respondents which is later utilized to potentially identify sub-
groups (if any) within the research target population. The remainder of the chapter discusses the processed 
data obtained form the online questionnaires. This mainly evolves around the ranked significant critical 
factors that will minimise construction waste within the Gauteng region context as well as the ranked 
ease of implementation of these factors. The relationship between the significance of the factors as well 
as the ease of implementation of these factors are also explored and conclusions are drawn with regards 
to the overall favoured waste minimisation solutions in Gauteng. Furthermore this chapter will discuss 
additional factors identified by the respondents in the questionnaire which were not mentioned in the 
initial conceptual framework. Potential sub-groups as per demographic profile (role when having worked on 
green buildings in Gauteng, education level and years of experience when having worked on green buildings 
in Gauteng) within the research target population are also explored.

Chapter 5 includes the research conclusions and recommendations resulting from the research findings in 
Chapter 4. It also states unanswered questions beyond the scope of this study and proposes areas for future 
studies.

This research report is then concluded with a list of references used throughout the report which is finally 
followed by appendixes which contain additional and supporting information towards the research. The 
appendixes include; the full list of references for the conceptual framework in Table 2.2, the introductory 
letter in conjunction with the online questionnaire survey as well as precedents of the chosen data analysis 
method utilized in this research report.
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2. LITERATURE REVIEW
2.1 Objectives of the Literature Review
The primary objective of this literature review is to survey the current global & local body of knowledge 
with regards to current practices of construction waste minimisation and why these practices should be 
implemented. These practices will be discussed and compared due to construction material, method & 
labour costs being different in varying contexts. Global construction waste minimisation factors will be listed 
together with its relevant context and the statistical frequency of the factors within the literature will be 
calculated. This thus forms a conceptual framework which acts as a launch pad for further context-specific 
research. The statistical frequency of factors will later be used in conjunction with other considerations 
in order for factors to be validated in terms of both significance and ease of implementation in a Gauteng 
region context. 

This literature review will also include investigating various research methodologies and research 
techniques used in previous studies which identified critical construction waste minimisation factors 
globally. This will later serve as justification for the final chosen research design and research methodology 
as discussed in Chapter 3.

In summation; this literature review aims to prove the research gap of critical construction waste 
minimisation factors that can be implemented during the design stage of construction projects in Gauteng. 
It thus shows the current inconclusive state of knowledge regarding construction waste especially amongst 
Gauteng construction stakeholders. This literature review also explores and discusses current barriers 
in terms of implementing the identified factors. This research will thus contribute to the limited body of 
knowledge in Gauteng by addressing both the primary & literature objectives of the study as stated in 
Chapter 1. 

2.2 Adverse effects of Construction Waste
Various categorization models have been applied in the past to classify numerous types of waste globally. 
Nagapan et al. (2012: 2) classified waste into two categories, namely; physical and non-physical waste. 
Non-physical waste includes time and cost overruns, whereas physical waste includes material waste. This 
research report deals with physical material waste. Different types of material waste can be classified by 
their differing states which includes solid, liquid or gaseous states. Material wastes are also classified by 
their varying characteristics which may include inert, combustible, biodegradable, hazardous or nuclear 
characteristics. Finally, waste is categorized by its origin which includes processing processes, households, 
municipal, institutional, emissions, construction activities and energy conversions. Physical construction 
waste can thus be studied separately from other categories of waste, especially due to its origin (Al-Hajj & 
Hamani, 2011: 222; Yates, 2013: 291).

Ekanayake & Ofori (2004: 852) defined physical construction waste as “any material apart from earth 
materials, which needed to be transported elsewhere from the construction site or used on the site 
itself other than the intended specific purpose of the project due to damage, excess or non-use or 
which cannot be used due to non-compliance with the specifications, or which is a by-product of the 
construction process.” For the purpose of this study earth material, specifically soil, will be considered as 
physical construction waste as excavations and cut & fill processes are seen as construction activities and 
voluminous excavations should adequately be planned during the design stage.

Construction waste is generally composed of broken or excessive materials which include; concrete, 
masonry, timber, sand, asphalt, various metals and different types of plastics. It is usually a mixture between 
inert & organic materials. It has been found that over 75% of what the industry generates as waste has a 
residual value and can thus be recycled, salvaged or be re-used, yet this is often seen as a burden by both 
labour workers and contractors (Yeheyis et al., 2013: 81). 

It is important to note that physical construction waste can be generated throughout the life-cycle of the 
construction project, from inception to completion, but the design stage contributes a considerable amount 
and is also the first stage of the project in which material control can be exerted. Numerous studies have 
identified physical construction waste as the most critical form of waste, as opposed to labour or machinery 
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waste, due to physical construction waste originating mainly from non-renewable sources. This waste is 
also bulky, voluminous and difficult to compress or transport and thus time consuming to manage (Osmani, 
2012: 38; Osmani et al., 2008: 1149; Sutrisna, 2012: 135; Yeheyis et al., 2013: 83).

Globally the construcƟ on industry consumes a vast amount of natural resources and generates large 
quanƟ Ɵ es of construcƟ on waste. According to Othman (2011:334), the construcƟ on industry is responsible 
for 50% of all material resources taken from nature, 40% of all energy consumpƟ on and 50% of total 
waste generated globally. This waste occupies & pollutes large landfi ll areas which adversely aff ects scarce 
land resources and in turn the global economy. Toxic substances may also be emiƩ ed from construcƟ on 
waste which in turn endangers the health of humans as well as the natural environment and habitats 
therein (Poon, 2007:1; Wang, Li, Tam, 2014:1). Other, more indirect, eff ects of construcƟ on waste include 
climate change, negaƟ ve business reputaƟ ons, eff ects on tourism and excessive fuel consumpƟ on (Yeheyis 
et al., 2013: 81). ConstrucƟ on waste thus adversely aff ects economic & social development as well as 
environmental condiƟ ons. It thus adversely aff ects the “triple boƩ om line” of the global sustainable 
development principle without adding value to any of the construcƟ on stakeholders (Yuan, 2013b: 476).

ConstrucƟ on waste pracƟ ces globally have been guided by the three “R’s” principle. This is a global principle 
which hierarchically indicates three desirable strategies in terms of construcƟ on waste arranged in order 
of importance. The three “R’s” are reduce, reuse and recycle and is seen in Fig 2.1 below. Research on 
recycling construcƟ on waste has been vastly published, yet less emphasis has been placed on construcƟ on 
waste minimisaƟ on or reducƟ on at the source. This is unfortunate as waste thus have to be dealt with 
during and aŌ er the construcƟ on phase as opposed to designers having “designed out waste” during the 
design stage. This may be due to the construcƟ on industry’s culture of resisƟ ng change and stakeholders’ 
misconcepƟ ons that waste minimisaƟ on is not their responsibility (Baldwin et al., 2009; Lu & Yuan, 2010: 
201; Poon, 2007: 1715; Osmani et al., 2008: 1147).

2.3 Global Research regarding Construction Waste minimisation
Keys et al. (2000: 4) defined physical construction waste minimisation as “any technique, process or activity 
that either avoids, eliminates or reduces waste at its source or allows reuse or recycling of the waste.” 

ConstrucƟ on waste minimisaƟ on can be achieved through various approaches which specifi cally includes 
changes in the designs of construcƟ on projects. Material selecƟ ons as well as construcƟ on methods will 
also aff ect the amount of construcƟ on waste being produced on-site. These are generally all decisions 
made by designers at the design stage of the project and this thus substanƟ ates the research delineaƟ on of 
invesƟ gaƟ ng only the design stage of projects. Furthermore; the approaches towards design, approaches 
towards labour implementaƟ on, legislaƟ on, material selecƟ ons & method of construcƟ on diff er globally and 
factors which infl uence construcƟ on waste minimisaƟ on are thus seen to be context-specifi c.

The scienƟ fi c study of construcƟ on waste originated in the United Kingdom in 1963 during exploratory 
invesƟ gaƟ ons into new forms of tender documents (Ndihokubwayo & Haupt, 2009: 2). Therefor 
construcƟ on waste and the minimisaƟ on thereof is by no means a new research area within the global 
context, however limited studies explore construcƟ on waste minimisaƟ on at the design stage (at 

Most Favourable
(Sustainability Preference)

Least Favourable

Waste re-use
Waste recycling

Waste recovery
Waste 

treatment & 
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Fig 2.1: [Image by Author] Waste 
Management Hierarchy.
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Cornelius, J., 2010. Integrated Waste 
Management FaciliƟ es. In: R. Emery, ed. 2010. 
The Waste RevoluƟ on Handbook South Africa. 
2nd Vol. Johannesburg: Alive2Green. Ch.12, 
pg. 138. 
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the source) which will result in resource conservaƟ on, environmental protecƟ on and cost savings for 
various stakeholders. Prior research cover causes and eff ects of construcƟ on waste, the adverse impact 
of construcƟ on waste on the environment, various stakeholders’ perspecƟ ve on construcƟ on waste 
minimisaƟ on and pressures from global evolving legislaƟ on & policies.

African studies include studies done in both Ghana (Adjei-Kumi & Zoya Kpamma, 2011) and Nigeria 
(Oladiran, 2009). The Ghanaian study examined the awareness of sources of construcƟ on waste together 
with local strategies which can be applied to minimise construcƟ on waste. The strength of this study is thus 
its local appeal with regards to context-specifi c soluƟ ons. This is in contrast to the Nigerian study which 
explored the applicaƟ on of waste management plans to thus examine their eff ect on construcƟ on waste. 
This Nigerian study found that waste management plans have the greatest eff ect on physical construcƟ on 
waste producƟ on as opposed to equipment waste, labour waste or Ɵ me waste. 

European studies include Spain (Saez et al., 2013) & the United Kingdom (Dainty & Brooke, 2004; 
Domingo et al., 2009; Osmani et al., 2008 & Osmani, 2012). The Spanish study by Saez et al. (2013) aimed 
to assist various construcƟ on stakeholders in making adequate and informed decisions when it comes 
to construcƟ on waste. This is a parƟ cularly valuable study as construcƟ on stakeholders are in essence 
the main contributors to construcƟ on waste minimisaƟ on pracƟ ces. This was aŌ er Osmani et al. (2008) 
conducted a study in the UK enƟ tled Architects’ perspecƟ ves on construcƟ on waste reducƟ on by design. 
Dainty & Brooke (2004: 20), who also conducted their study in the UK, “explored the effi  cacy of measures 
used for minimising waste in high-profi le United Kingdom based projects.” This is similar to what Domingo 
et al.’s (2009) study explored, although Domingo et al. (2009) focused on specifi cally the healthcare industry 
in the UK. Osmani (2012) followed up on his iniƟ al study in 2008 and recently, in 2012, researched waste 
minimisaƟ on drivers and pressures for change within the UK. It can thus be concluded that studies moved 
from exploring stakeholders’ perspecƟ ves to exploring waste minimisaƟ on guidelines, regulaƟ ons and 
legislaƟ on that needs to be implemented.

Asian studies, which are by far the most prevalent, include China (Baldwin et al., 2009; Lu & Yuan, 2010; 
Wang, Li & Tam, 2014 & Yuan, 2013a), Malaysia (Begum et al., 2007), Singapore (Ekanayake & Ofori, 2004), 
Turkey (Esin & Cosgun, 2007), Iraq (Kharuff a, 2007), United Arab Emirates (Al-Hajj & Hamani, 2011) and 
India (Rajput, 2012 & Sutrisna, 2012). The amount of Asian studies far surpasses the amount of studies 
done in Europe or anywhere else globally. This can be due to Asian countries running out of waste disposal 
sites due to the large amount of construcƟ on waste generated (Poon et al., 2004: 461). Baldwin et al. (2009) 
focused on “designing out waste” and Wang, Li & Tam’s (2014) study focus on idenƟ fying construcƟ on 
waste minimisaƟ on factors at the design stage of projects. Ekanayake & Ofori’s (2004) study idenƟ fi ed a 
“designed-based tool” for building waste assessment scores. “Designing out waste” is thus an emerging 
literature topic in the Asian construcƟ on industry and Asian studies are thus the front-runners with regards 
to this topic. The Malaysian study by Begum et al. (2007) as well as the Indian study by Sutrisna (2012) both 
explored implemenƟ ng waste management in their respecƟ ve contexts. Asian studies thus comprehensively 
explored both construcƟ on waste factors as well as waste management as a whole.

North American studies cover the United States of America (Yates, 2013) and Canada (Yeheyis et al., 2013). 
Both these recent studies explored construcƟ on waste minimisaƟ on measures in conjuncƟ on with life cycle 
analysis and the emerging topic of sustainability in the construcƟ on industry. This is valuable as construcƟ on 
waste minimisaƟ on is thus directly linked to sustainability which involves economic, social & environmental 
responsibiliƟ es.

A study conducted in Australia by Lingard et al. (1997) invesƟ gated waste management from “a human 
factors approach.” This was a unique study compared to previous studies as it idenƟ fi ed “social and 
psychological factors which may determine behaviour in waste management” (Lingard et al., 1997: 203). 
This study thus addresses the social aspects of sustainability.

Global studies which include general factors and pracƟ ces, which are not context specifi c, have also been 
published (Keys et al., 2000; Nagapan et al., 2012; Othman, 2011; Poon, 2007 & Yuan, 2013b). Keys et al.’s 
(2000) study explored “designing to encourage waste minimisaƟ on” whereas Nagapan et al.’s (2012) study 
listed both physical and non-physical factors which contribute to the global generaƟ on of construcƟ on 
waste. As waste management as become topical, Yuan’s (2013b) study was enƟ tled Key indicators for 
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assessing the eff ecƟ veness of waste management in construcƟ on projects.

Wang, Li & Tam (2014: 1) stated that idenƟ fying criƟ cal factors to minimise construcƟ on waste is 
“vitally important” to understand how to “implement effi  cient waste reducƟ on measures” as it may be 
contractually required by governments and clients in the future. As most studies are context or region 
specifi c, the fi ndings can be quite informaƟ ve to aid strategic level planning. Context specifi c studies cannot 
easily be adapted and applied to other contexts without taking into consideraƟ on geographical contextual 
diff erences. These studies can however serve as valuable references and points of departures. No studies 
have currently been done in South Africa and specifi cally in the Gauteng region to idenƟ fy the criƟ cal 
factors in eff ecƟ ve construcƟ on waste minimisaƟ on and this study aims to address this research gap. 
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2.4 Global Research Methodologies used to identify Construction Waste minimisation factors
This secƟ on of the report aims to summarize numerous research methodologies that have been uƟ lized in 
both context-specifi c as well as global studies which aimed at idenƟ fying construcƟ on waste minimisaƟ on 
factors.

Table 2.1: Research Methodologies used in previous studies

Wang, Li and Tam (2014) idenƟ fi ed criƟ cal factors in a Chinese context by means of a twofold research 
methodology. Firstly; potenƟ al factors which can infl uence construcƟ on waste minimisaƟ on in China 
were presented as based on related offi  cial guidelines, reports and  literature. This is seen as a qualitaƟ ve 
interpreƟ vist approach which is useful to formulate a provisional list or a conceptual framework containing 
potenƟ al criƟ cal factors. Secondly; sampled insƟ tuƟ ons (which received Chinese “A” Grade building design 
cerƟ fi caƟ on) was surveyed on the importance of the idenƟ fi ed factors by means of quanƟ taƟ ve survey 
quesƟ onnaires. Likert scales were opƟ mized in order to idenƟ fy the signifi cance of the predetermined 
factors within a Chinese context. From this survey, criƟ cal factors were staƟ sƟ cally derived and deduced.

Saez et al.’s (2013) study in Spain as well as Ekanayake & Ofori’s (2004) study in Singapore made use of 
the exact same research methodology as that of Wang, Li and Tam (2014). The sampled quesƟ onnaire 
methodology incorporated in all these studies is thus seen to be an eff ecƟ ve research methodology, 
parƟ cularly in idenƟ fying context-specifi c factors. In general, quesƟ onnaires are widely used by researchers 
within the construcƟ on sector (Saez et al., 2013: 53).

Esin & Cosgun (2007), in turn, opted for pure in-depth quesƟ onnaire surveys in the context of Turkey. This 
was the same approach that Kharrufa (2007) uƟ lized in Iraq and Rajput et al. (2012) uƟ lized in China. The 
shorƞ all of these is that results are thus not as credible as the sequenƟ al method approaches uƟ lized by 

No. Author Context Research Methodology

1 Osmani et al. (2008) UK Sampled Survey Questionnaires (Likert scales) & Open-ended question

2 Al-Hajj & Hamani (2011) UAE Sampled Survey Questionnaires (Likert scales) & Interviews & Site Audits

3 Begum et al (2007) Malaysia Sampled Survey Questionnaires (Likert scales) & Interviews
4 Dainty & Brooke (2004) UK Sampled Survey Questionnaires (Likert scales) & Interviews
5 Lu & Yuan (2010) China Sampled Survey Questionnaires (Likert scales) & Interviews
6 Yuan (2013a) China Sampled Survey Questionnaires (Likert scales) & Interviews

7 Ekanayake & Ofori (2004) Singapore Sampled Survey Questionnaires (Likert scales)
8 Oladiran (2009) Nigeria Sampled Survey Questionnaires (Likert scales)
9 Saez et al. (2013) Spain Sampled Survey Questionnaires (Likert scales)
10 Wang, Li & Tam (2014) China Sampled Survey Questionnaires (Likert scales)

11 Esin & Cosgun (2007) Turkey Sampled Survey Questionnaires
12 Kharrufa (2007) Iraq Sampled Survey Questionnaires
13 Rajput et al. (2012) China Sampled Survey Questionnaires

14 Lingard et al. (1997) Australia Interviews & Site audits

15 Adjei-Kumi & Zoya Kpamma (2011) Ghana Site audits & Interviews

16 Sutrisna (2012) India Case Studies & Interviews

17 Keys et al. (2000) Global Site audits

18 Domingo et al. (2009) UK Interviews
19 Nagapan et al. (2012) Global Interviews
20 Yates (2013) USA Interviews
21 Yuan (2013b) Global Interviews

22 Osmani (2012) UK Desktop Study
23 Poon (2007) Global Desktop Study
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Ekanayake & Ofori (2004), Saez et al. (2013) & Wang, Li & Tam (2014) due to not corroboraƟ ng the iniƟ al 
fi ndings. 

Numerous similar studies, which were also context-specifi c, have used similar research methodologies 
as that of Wang, Li & Tam (2014) with slight alteraƟ ons & variaƟ ons. This includes Osmani et al.’s (2008) 
study in the United Kingdom in which the survey quesƟ onnaires to validate the predetermined factors also 
included mulƟ ple-choice and open-ended quesƟ ons above the Likert scale raƟ ng quesƟ ons. This study is 
thus parƟ cularly credible, arguable more so than that of Wang, Li & Tam (2014), due to cross-examining 
answers obtained from the same respondents which thus eliminates respondent errors. Begum et al.’s 
(2007) study in Malaysia implemented a fi rst round of interviews as opposed to making use of an iniƟ al 
extensive literature review like that of Wang, Li and Tam (2014) in order to idenƟ fy criƟ cal factors which 
were then quanƟ taƟ vely explored by means of Likert raƟ ng scales. 

In contrast, Domingo et al. (2009) used an iniƟ al interview which in turn was followed by a full interview to 
validate their literature review fi ndings in the United Kingdom. Possible weaknesses of only uƟ lizing verbal 
interviews include how this qualitaƟ ve data can be quanƟ fi ed in order to staƟ sƟ cally establish a set of 
construcƟ on waste minimisaƟ on factors. This study was similar to Yates’s (2013) study who only interviewed 
high level construcƟ on execuƟ ves to determine factors in the United States of America, as it was assumed 
that these execuƟ ves will be well informed of current contextual construcƟ on waste minimisaƟ on pracƟ ces. 
This assumpƟ on by Yates (2013) may have resulted in limited data results as these execuƟ ves are not 
necessarily designers in the design stage of construcƟ on projects.

In more recent years, more encompassing research studies were implemented. Yuan (2013a) conducted 
extensive research and validated predetermined factors in a Chinese context by making use of both survey 
quesƟ onnaires & semi-structured interviews prior to determining a fi nal set of criƟ cal factors. This is thus a 
parƟ cularly thorough report as it encompassed numerous research method stages. Al-Hajj & Hamani (2011) 
validated predetermined factors in the United Arab Emirates by means of visiƟ ng various construcƟ on sites 
& audiƟ ng waste management acƟ viƟ es. The results were analyzed in combinaƟ on with iniƟ al literature 
reviews prior to validaƟ ng the signifi cance of criƟ cal factors by means of quanƟ taƟ ve quesƟ onnaires. 
This study can be of parƟ cular interest in examining construcƟ on waste minimisaƟ on pracƟ ces during the 
construcƟ on phase.

Both Nagapan et al. (2012) & Yuan (2013b) conducted global studies and made use of interview sessions 
to validate the predetermined factors as opposed to Wang et al.’s (2014) approach of making use of 
quanƟ taƟ ve quesƟ onnaires in a context-specifi c study. These global studies of Nagapan et al. (2012) & Yuan 
(2013b) have the shorƞ all of not being generalised to other contexts. This is due to construcƟ on methods 
& design approaches being diff erent in very country. In turn, Lu & Yuan’s (2010) study in China validated 
the factors by making use of both research approaches and included quanƟ taƟ ve quesƟ onnaires as well as 
semi-structured interviews to validate predetermined factors in a context-specifi c study. This triangulaƟ on 
method can be seen as a cross-check to validate data obtained which will “ensure successful compeƟ Ɵ ve 
performance” (Lu & Yuan, 2013: 203).

Vastly diff erent research methodologies include Osmani’s (2012) study in the United Kingdom which 
consisted of a pure qualitaƟ ve interpreƟ vist desktop study. This is similar to Poon’s (2007) global study 
which implemented the same methodology and aims at paving the way for more contextual research 
studies.

Keys et al. (2000) made use of on-site observaƟ ons & site audits where procurement inventories were 
directly compared to design drawings. This study aimed to determine global factors for construcƟ on waste 
minimisaƟ on strategies. This is similar to a Ghanaian study by Adjei-Kumi & Zoya Kpamma (2011) where 
construcƟ on acƟ viƟ es on site were closely observed prior to interviewing both clients & contractors. 
ConstrucƟ on site audits can be parƟ cularly useful when researching construcƟ on waste pracƟ ces during the 
construcƟ on phase.

In conclusion, it is evident that the hybrid methodology of incorporaƟ ng a qualitaƟ ve literature review 
followed by sampled quesƟ onnaires surveys to validate the iniƟ al idenƟ fi ed criƟ cal factors is by far the most 
prevalent research methodology uƟ lized, especially for context-specifi c studies. This is also clearly evident 
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in Table 2.1 (Wang, Li and Tam, 2014; Ekanayake & Ofori, 2004; Saez et al., 2013). It was thus this method 
which was uƟ lized to idenƟ fy criƟ cal factors in a Gauteng region context. The research design and research 
methodology is discussed later in the relevant chapter.

2.5 Global Research Findings with regards to Construction Waste minimisation factors
PotenƟ al factors which can infl uence physical construcƟ on waste minimisaƟ on on greenfi eld sites in the 
design phase within various contexts globally was idenƟ fi ed by means of qualitaƟ vely researching and 
interpreƟ ng various bodies of knowledge. These bodies of knowledge included numerous global academic 
peer-reviewed journal paper articles and conference papers, which are seen as credible sources due to 
these sources being refereed. Global reports, design manuals as well as site guides were also surveyed 
for factors. Book publicaƟ ons and the Gauteng Provincial Building & DemoliƟ on Waste Guidelines were 
reviewed from the currently limited South African body of knowledge. This combinaƟ on of 31 primary 
& secondary literature sources yielded a posiƟ vist conceptual framework of factors idenƟ fi ed from 15 
diff erent global contexts and is seen in Table 2.2 below. 

The frequency of factors within the literature in the current global body of knowledge was determined 
quanƟ taƟ vely in Table 2.2 and the factors were ulƟ mately ranked from most prevalent to least prevalent. 
The full referencing for each of these factors can be seen in Appendix A.
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Adjei-Kumi & Zoya (2011) 
Al-Hajj & Hamani (2011)
Baldwin, Poon et al. (2009)
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Osmani (2012)
Othman (2011)
Poon (2007)
Rajput et al. (2012) 
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WRAP (2009)
Wang, Li & Tam (2014)
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2.6 Reviewing the Construction Waste minimisation factors
This sections aims to discuss the potential factors which can influence physical construction minimisation 
within the design stage as identified in the previous section from the global literature survey. Outlying 
factors (prevalent and non-prevalent) will be explored and discussed in order to clarify why various factors 
were more prevalent in the literature than others. The relationships & dependencies of factors are also 
discussed.

2.6.1 Prevalent Factors in Literature
This subsection discusses prevalent factors which are the top five (out of the twenty-six) identified factors 
from the conceptual framework as seen in Table 2.2. 

Designers should make use of StandardizaƟ on
The literature survey above identified that making use of standardization during the design phase is 
the most prevalent factor that will minimise construction waste. This includes making use of standard 
dimensions, standard units & standard structural grids. 

It also includes modularization (repetitive structures) in design components which allows components to 
easily fit together like puzzle pieces. Einstein stated that modularization is “making the bad difficult and 
the good easy.” This directly links to third most prevalent factor identified from the global literature review, 
namely that designers should specify precast and prefabricated components. These technologies are 
discussed below, but it is important to note that a prerequisite of these technologies is standardization.

Poon (2007: 1715) stated that approximately 10% of total construction waste is generated from cut-offs of 
materials during the construction phase due to designers not opting for standardized material sizes. This is 
a considerable amount as Dainty & Brooke (2004: 20) stated that 10-15% of the total material required for 
the execution of projects result in construction waste (Dainty & Brooke, 2004: 20). This also requires a vast 
amount of labour on site which adversely affects both the client & the contractor financially.  

Designers lack knowledge & experience with regards to constructability, materials & material 
specifi caƟ ons
Designers lacking knowledge & experience with regards to constructability & specifications was identified 
as the second most prevalent factor from the reviewed global literature. Al-Hajj & Hamani (2011: 221) 
identified this as the most significant factor in the context of the United Arab Emirates. Ambiguous, 
wrong, complex, over and under specification result in excessive material cut-offs, maintenance rework, 
rectifications & constant variations. All these activities are not only extremely time-consuming for the 
contractor and labour workers (which results in higher labour costs and thus higher project costs), but will 
also eventually lead to the production of unnecessary physical construction waste. 

An example of this includes construction materials ordered, paid and delivered on site which lies on site 
redundantly due to these materials being ordered from errors in material specifications by the designers. 
The specification errors can include that the materials are not appropriate or adequate to use on the project 
due to the project’s geographical context, difficult junctions with other materials, poor material quality or 
errors in material sizes ordered. These errors or ambiguities are generally as a result of designers not fully 
understanding or not being familiar with the construction processes and sequences which occur on site  (Al-
Hajj & Hamani, 2011: 230; Osmani, 2012: 38; Yeheyis et al., 2013: 86). This directly links to another factor, 
the sixteenth most prevalent factor, which states that designers lack experience & knowledge with regards 
to method & sequence of construction which leads to alterations of work and thus causes waste.

Design management, quality management, off ering educaƟ on & training might all be viable soluƟ ons to 
address this encompassing issue, but ulƟ mately this can easily be solved by means of team problem solving, 
communicaƟ on & co-ordinaƟ on. Eff ecƟ ve communicaƟ on and co-ordinaƟ on between all stakeholders 
during the design stage was idenƟ fi ed as the sixth most prevalent factor. Clients should thus incorporate 
contractual clauses which enforces the contractor to advise and communicate with the designers with 
regards to the construcƟ on sequence and construcƟ on method during the design stage. This is known in 
the industry as ECI (Early Contractor Involvement) (Begum, Siwar et al., 2007: 195; Yeheyis et al., 2013: 86). 
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This ulƟ mately links to the seventeenth most prevalent factor which states that waste minimisaƟ on clauses 
should be embedded in contractual clauses. It can thus be concluded that designers lacking knowledge & 
experience with regards to constructability, materials & material specifi caƟ ons is a very inter-dependent 
factor which can be solved by the implementaƟ on of various other factors idenƟ fi ed. 

Designers should specify off -site preparaƟ on, pre-assembly, prefabricaƟ on & precast 
components
The third most prevalent factor from the literature survey is to make use of prefabrication & precasting 
technologies. This moves the labour intensive construction processes on construction sites to factory 
production off-site. Wang, Li & Tam (2014) as well as Lu & Yuan (2010) both identified it as the most 
prevalent factor in their respective studies conducted in China. Baldwin et al. (2009) found it applicable 
especially in high rise and dense residential contexts which is generally in metropolitan cities. In the 
Gauteng region this can thus be particularly applicable in both the Sandton and Rosebank metropolitan 
areas. 

According to Baldwin et al. (2009), 80% of construction waste found on traditional construction projects 
is as a result of concreting processes and associated wet trades. This can easily be eliminated by opting 
for precast concrete components to replace cast-in-situ wherever possible, especially as prefabrication is 
seen as a low level technology (Baldwin et al., 2009: 2067; Lu & Yuan, 2010: 202). This will reduce labour 
intensive activities on site which in turn provides a safer working environment and reduces labour costs. 
Baldwin et al. (2009: 2069) concluded that an overall manpower saving of 30% in terms of productivity has 
been found on sites that use precast techniques as opposed to cast-in-situ techniques. This is due to the 
associated labour force as well as the high supervision staff costs associated with cast-in-situ techniques. 

This is thus a very important factor for contexts where labour on site is very expensive or where skilled 
workers are scarce. It will also be easier to progress with construction during adverse weather conditions  
as in-situ activities are removed from the critical path in the construction program which in turn will 
ensure speedy completion of construction projects (Baldwin et al., 2009). This then links with another 
less prevalent factor (twenty-fifth most prevalent) identified from the global literature survey, namely 
that designers should design projects that can easily be constructed during adverse weather conditions. 
Furthermore; quality can be managed easier in prefabrication production plants and quality can thus be 
ensured in the final construction product. From a social perspective; noise levels will be reduced in the 
surrounding community. 

The downside of precasting and prefabricating design components is possible longer lead times (especially 
if fabricated internationally), transportation time and costs and storage costs. Good logistical management 
systems and supervision would need to implemented which render this system as non-feasible for small 
scale construction projects. Prefabricated design components are also at risk of being damaged during 
transportation to construction sites. Stakeholders are wary to make use of prefabrication as designers 
often have the perception that the building’s aesthetic would be compromised. Precasting & prefabrication 
also requires a multi-disciplinary approach to design in which all consultants communicate & co-ordinate 
effectively (Baldwin et al., 2009: 2068; Poon et al., 2004: 468). This was identified as another prevalent 
(sixth most prevalent) critical factor as team problem solving in the design stage will eradicate numerous 
constructability problems once the project hits the construction phase. 

In conclusion, Baldwin et al. (2009: 2069) stated that a cost saving of 3-5% of the overall project cost can 
be saved when opting for precast solutions as opposed to cast-in-situ techniques. This calculation included 
manpower (as opposed to mechanization) and material costs as well as construction waste dumping costs. 
Although prefabrication & precasting will drastically reduce the required labour on construction sites, this 
might not be as great an advantage in comparison to other global counterparts due to the current socio-
economic climate in South Africa. This is due to the construction industry being a major contributor to the 
employment sector and thus the financial welfare of society.
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Designers should avoid frequent & last minute design changes, especially during construcƟ on 
phase
Last minute design changes due to design errors or to satisfy client requirement result in demolitions, 
alterations & rework of new construction. This results in construction waste as some construction materials 
already procured will not be utilized, more materials may have to be obtained for the additional work & 
demolished works’ materials may not be salvageable or reusable. From Ndihokubwayo & Haupt’s (2009: 9) 
study conducted in South Africa one can conclude that both the client and the consultants, as opposed to 
the contractor, are the waste origin agents in terms of design changes and variations. Construction waste 
can thus be prevented if adequate design & construction management policies were in place in which 
design concepts were finalized between the designer and the client prior to construction commencing. This 
will contractually enforce either the client or the designer to financially take responsibility for the rework of 
aspects of the project and its associated waste.

Design & construction management policies also include collaborating & co-ordinating design decisions 
between all consultants involved in the project at the design stage. This was later identified as a separate 
yet prevalent factor on its own as various stakeholders are involved in the co-ordination of projects 
(Yeheyis, 2013: 86; Yuan, 2013b: 478). This should, however, be balanced carefully as too much disorganised 
interaction between consultants may result in confusion.

The effect of frequent & last minute design changes has vastly been published in the reviewed literature as 
a significant contributing factor to construction waste. Domingo et al. (2009) concluded that this factor is 
the most significant factor in the context of the United Kingdom whereas Nagapan et al. (2012) found that 
this factor is the most significant factor contributing to construction waste globally. This literature review 
identified frequent & last minute design changes as the fourth most prevalent factor.

Designers should specify re-usable, reclaimed, salvaged or recycled materials 
This factor was seen as the fifth most prevalent factor from the reviewed literature and is synonymous 
with the global three “R’s” principle which hierarchically indicates three desirable strategies in terms of 
construction waste arranged in order of importance. The three “R’s” are reduce, reuse and recycle.

“Many countries, including South Africa, have immature recycling markets” which is very unfortunate 
as “recycling activities can translate into employment and business creation opportunities for [local] 
communities” (Gauteng Provincial Government, 2009: 2). 

In a South African context, it is extremely advisable to make use of both Recycled Coarse Aggregates (RCA) 
as well as Recycled Fine Aggregates (RFA) in the current prevalent processes of concreting. RCA generally 
consist of pieces of demolished reinforced concrete structures. RFA includes adding flyash (a cheap waste 
product of smelting plants) to the concrete to reduce the amount of OPC (Ordinary Portland Cement). A 
recent study by Ahmed (2013) concluded that concrete containing RCA has improved compressive, flexural, 
and tensile strengths. Furthermore, the addition of flyash improves the workability as well as the long-term 
compressive strengths of recycled aggregate concretes (Ahmed, 2013: 1864, 1869). Furthermore, numerous 
employment opportunities are created at recycling plants which can for instance include separators as well 
as plant operators. It is thus evident that specifying recycled aggregates in South Africa and in Gauteng will 
only result in a pure win-win scenario for all stakeholders involved.

Table 2.3 lists more building materials & components which are commonly used in South Africa in 
conjunction with these materials’ potential re-use strategies.
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Table 2.3: Common Construction Materials in South African and their potential re-uses. Table 
adapted from Green Star SA Offi  ce v1 2008. 

Unfortunately both clients and designers are reluctant to make use of recycled or salvaged building 
materials due to the misconception that this will yield a lower or inadequate product. This nuance can 
be addressed by means of creating more awareness in the construction industry as well as awareness in 
the general public at large. The Gauteng Provincial Government’s Provincial Building & Demolition Waste 
Guidelines (2009) does suggest making use of salvageable and recycled construction materials for low-cost 
housing in South Africa. This can for instance include re-using the timber shuttering of concrete castings 
of large commercial projects as cladding in low-cost housing. Future legislation can thus also incorporate 
this factor as Command and Control (CAC) regulations can directly regulate the industry’s behaviour by 
prescribing specific legislation and enforcing compliance thereto by means of economic instruments (EI). 

2.6.2 Non-prevalent factors in Literature
This subsection discusses non-prevalent factors which are the bottom six (out of the twenty-six) identified 
factors from the conceptual framework as seen in Table 2.2.

Designers should provide for an adequate space on the construcƟ on site where waste 
quanƟ fi caƟ on, storing and sorƟ ng can take place
Since construcƟ on and demoliƟ on waste consists of both inert and organic materials, it is imperaƟ ve to 
avoid mixing and contaminaƟ ng numerous wastes in order to opƟ mize the re-use, recycle and disposal 
potenƟ al of the wastes, which is idenƟ fi ed as a separate yet prevalent factor (fi Ō h most prevalent). Waste 
sorƟ ng on site is seen as an eff ecƟ ve way to increase the rate of both waste reuse and waste recycle. Yuan 
(2013b) stated that site space was found to be the most important factor in Hong Kong when selecƟ ng on-
site sorƟ ng schemes. Within this study, this factor was the twenƟ eth most important factor and was thus 
not idenƟ fi ed as highly prevalent within a global context. This is unfortunate as without the pre-planned 
and pre-allocated space on site for waste quanƟ fi caƟ on, waste storing and waste sorƟ ng other construcƟ on 
acƟ viƟ es might be adversely aff ected due to site space limitaƟ ons. This can aff ect project cost and Ɵ me 
overruns which adversely aff ects the client. Benefi ts of on site waste sorƟ ng include the reduced cost of 
waste transportaƟ on, waste dumping and landfi lling. It thus ulƟ mately reduces the impact that construcƟ on 
acƟ viƟ es have on the environment (Yuan, 2013b: 482).

Designers should design space to be adequate & funcƟ onal in order to prevent future alteraƟ ons
This factor was not extremely prevalent (twenty-first most prevalent) in the reviewed literature, but was 
found to have made a huge impact in the context of Istanbul, Turkey. A context-specific study conducted 
by Esin & Cosgun (2007) found that designs of residences in Turkey often do not meet the requirements 
& expectations of their users & growing families which results in the spaces becoming redundant and 
underutilized. Residence modification is thus extremely prevalent in Turkey in order to rectify and address 

Bricks & Concrete Clean Fill
Salvaged Timber New Structural Use, Timber waste can be grounded into mulch in order 

to be re-used as garden compost
Crushed Concrete Road Base
Crushed Plasterboard Soil conditioner or as a basis to manufacture new plasterboard
Steel & Aluminium Recycled to be re-sued as new metal products
Foam insulation & Packaging Re-use for new insulation or soft structural forms
Pallets Re-use as is
Clean plastics from packaging Packaging new materials to be stored
Carpet & Ceiling Tiles Reconditioning or recycling by manufacturer
Light fixtures Cleaning & Re-use
Furniture Re-upholstering & Re-use
Crushed Tiles Paving or Landscape Decoration

BUILDING MATERIALS & 
COMPONENTS

POTENTIAL RE-USE
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these problematic spaces which in turn generates a vast amount of construction and demolition waste. 
Main reasons for modifications include to improve the quality of materials (due to prolonged deterioration), 
to improve aesthetics, address difficulties in space usage and to address “insufficient dimensions of space.” 
This has negatively contributed to the construction waste dilemma in Turkey which particularly involves 
illegal demolition & illegal dumping of construction waste (Esin & Cosgun, 2007).

This can be solved (amongst other approaches which include efficient designer and client communication, 
which is the sixth most prevalent factor) by making use of adaptable and flexible project designs. This 
was identified as another separate yet non-prevalent factor (eighteenth most prevalent) in the reviewed 
literature. Adaptable & flexible project designs involves the “kit approach” which includes making use of 
adaptable drywalls (as opposed to fixed internal brick walls) or even drywalls on hinges where spaces within 
buildings can be interactively modified by the user to his or her needs without causing any material wastage 
(Domingo, Osmani & Price, 2009: 1027; Poon et al., 2004: 466).

Designers should implement BIM (Building InformaƟ on Modelling) at the design stage
BIM, a subcategory of CAD (Computer Aided Design), is utilized to manage construction data by means of 
building a three dimensional virtual project. The objective of information modelling is to properly plan all 
facets of the project prior to construction commencement. This is usually done by designers, specifically 
architects, during the design stage of projects. This pre-planning includes spatial co-ordination of materials 
as well as sequencing of the construction project. This factor thus requires effective communication & 
co-ordination amongst team members, which was identified as a separate yet prevalent factor (Sixth most 
prevalent). The three dimensional model can be layered with data to become a four-dimensional model 
which then includes the element of time. Furthermore, a five-dimensional model will include adding 
quantities of materials as well as cost of materials to the virtual project. These tools are all useful for 
effectively planning and thus preventing construction waste (Yeheyis et al., 2013: 87). 

This factor was not a prevalent factor (twenty-third most prevalent) as identified from the global literature 
survey, in fact only two authors mentioned BIM as being a factor at all. This may be due to BIM being a 
relatively new & emerging technology in the construction industry, yet this should still be investigated 
within a South African context.

Designers should take into account the accessibility of construcƟ on personnel on site
This will allow labour workers adequate space in order to execute construction work safely & efficiently 
without the chance of injury or rework which will result in both time and physical construction waste. This 
can also include the ease of accessibility of construction vehicles on site, i.e.: due to a construction truck 
struggling to enter the construction site, the concrete may set within the truck which results in construction 
waste. 

This factor was identified in a global context by only one author, namely Othman (2011: 336). This is 
thus not a prevalent factor (twenty-fourth most prevalent) which might be due to various contexts and 
projects differing in terms of how labour is implemented. Some projects require a vast amount of intensive 
labour (construction sites might even become crowded) as opposed to projects which mainly incorporate 
prefabrication and pre-assembly techniques which thus require less labour and more equipment & 
machinery on site.

This factor may also link to both the second & sixteenth most prevalent factors; namely that designers lack 
knowledge & experience with regards to constructability and that designers lack knowledge with regards to 
construction method & sequencing. 

Designers should make use of EIAs (Environmental impact assessments)
Designers should make use of environmental impact assessments during the design stage of the scheme 
in order to pro-actively realize where waste reduction potentials are and how materials can be optimized 
& utilized (Dainty & Brooke, 2004: 24). This factor was only identified in one study from the reviewed 
literature and is thus the least most prevalent factor identified, yet majority of the literature stated that 
construction waste production has adverse effects on the environment. Conducting an environmental 
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impact assessment within a South African context can be extremely applicable as Engledow (2010: 17) 
stated that construction waste “has had a negative impact on the environment and human health within 
South Africa.” 

This factor can be aided by the seventeenth most prevalent factor, namely that waste minimisation clauses 
should be embedded in contractual clauses.

2.7 Barriers identified in terms of implementing Construction Waste minimisation factors
Unfortunately numerous barriers prevent and inhibit effective construction waste minimisation and 
reduction globally during all stages of projects, but barriers are especially evident in the design stage. 
Poon et al. (2004: 467) stated that construction method selection, which happens during the design 
stage, revolves mainly around considerations of construction time, construction cost and familiarity with 
construction techniques. Physical construction waste reduction is seen as the least important consideration 
when choosing construction methods. One can thus conclude that the emphasis is placed on lowering costs 
as opposed to considering the adverse environmental and social impact of construction waste.

Construction stakeholders’ perspectives and perceptions have also been identified as barriers. This mainly 
includes lack of awareness, lack of education or the perception that minimising construction waste would 
cost more and may cause project time overruns due to additional labour. Clients are generally reluctant 
to invest additional effort and cost in the early stages of projects as they do not realise the potential cost 
and time saving in the long run. Furthermore; clients are reluctant to make use of recycled or salvaged 
building materials due to the misconception that this will yield a lower or inadequate product. On the 
other hand designers often are of the opinion that low waste technologies (prefabrication, standardization 
& modularisation) will result in lower aesthetic quality of buildings. Furthermore; lack of mutual respect 
between designers and contractors inhibit effective communication which can result in preventative 
construction waste measures (Othman, 2011: 340). The “stakeholder-involved whole life-cycle concept” by 
Lu & Yuan (2010: 202) should be adopted to cross these barriers.

2.8 Context-specific Construction Parameters which may affect Construction Waste
The construcƟ on industry diff ers internaƟ onally in terms of construcƟ on methods uƟ lized, materials being 
used, how labour is implemented, labour costs, automaƟ on & roboƟ cs and legislaƟ on & policies. This 
secƟ on aims to discuss these global internaƟ onal diff erences in order to shed light on why a context-specifi c 
study is necessary within the Gauteng region context. 

2.8.1 How the construction industry differs internationally in terms of construction materials & 
construction material selections
ConstrucƟ on materials account for approximately 50-80% of the total cost of building projects, yet poor 
material control and management on site which results in construcƟ on material waste is a frequent 
occurrence globally and is oŌ en unfortunately seen as inevitable (Poon et al., 2004: 461; Rajput et al., 2012: 
70). This subsecƟ on will discuss diff erent construcƟ on materials in conjuncƟ on with their advantages and 
disadvantages in diff erent contexts.

PrefabricaƟ on & precast technologies
The ConstrucƟ on Industry Development Board (CIDB) in South Africa (2006: 21) confi rmed that steel 
prefabricated trusses, clay bricks, clay blocks, concrete bricks, concrete blocks and cement are the most 
uƟ lized construcƟ on materials in a South African context. Although clay bricks, clay blocks, concrete bricks 
and concrete blocks are all considered as prefabricated components as they are fabricated off -site, they 
sƟ ll require Ɵ me-consuming and skilled labour wet trades on-site in order to be assembled to structural 
components. This is why precasƟ ng concrete structural components, i.e. concrete slabs and concrete stairs, 
is a very viable soluƟ on to reduce construcƟ on waste in a South African context. The falling exchange rate 
in South Africa also makes exporƟ ng these components a very compeƟ Ɵ ve and lucraƟ ve opƟ on (Poon et al., 
2004: 464; Turner & Townsend, 2013: 44). 

Wang, Li and Tam (2014: 4) concluded that making use of prefabricated components is the most eff ecƟ ve 
material uƟ lized to minimise construcƟ on waste in a Chinese context. In their report they stated that 
the use of prefabricaƟ on reduces waste from concrete works by up to 51-60%. From the InternaƟ onal 
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ConstrucƟ on Cost Survey 2012 (Turner & Townsend, 2012:14, 30) it can be deduced that South African 
material costs are just about double than material costs in China. This thus highlights the potenƟ al higher 
cost savings that can be achieved in a South African context by opƟ ng for prefabricaƟ on techniques early on 
in the design stage.

PotenƟ al diffi  culƟ es of prefabricaƟ on include seƫ  ng up of a fabricaƟ on yard which requires high technical 
skill of on-site workers. TransportaƟ on, especially in the verƟ cal axis, might be complicated due to 
restricƟ ons of machinery and space available on-site. Other potenƟ al diffi  culƟ es include training workers as 
well as connecƟ ons between prefabricated components (Wang, Li & Tam, 2014: 4). 

The quesƟ on of waste being produced in a factory which manufactures prefabricated components 
compared to that of construcƟ on waste being produced on-site was answered in a recent study which 
invesƟ gate the whole life-cycle analysis of prefabricated concrete materials. Lu & Yuan (2013:110) 
concluded that prefabricaƟ on of concrete components in a factory environment results in less waste 
produced than tradiƟ onal cast-in-situ construcƟ on methods. 

Masonry Work & Drywalling
As menƟ oned above, clay bricks, clay blocks, concrete bricks and concrete blocks can all be seen as 
prefabricated components which require high labour, specialized skill and a lot of Ɵ me to construct. This is 
considered masonry work and is a very popular construcƟ on technique, especially in South Africa where 
wet trades are readily uƟ lized. It is also readily implemented in Hong Kong as well as in Iraq. 

It is interesƟ ng to note that in the 1990s, clay brick walls used to me made as solid single modular 
components (See Fig 2.1). Factories later opted for fabricaƟ ng small, modular loose bricks with holes in 
them (See Fig 2.2). This was done to reduce the amount of material per brick which reduces the overall 
material costs. It also makes it easier and lighter to transport and allowed for a more design opƟ ons. 
Although this seemed as an iniƟ al viable soluƟ on, problems arose when considering the whole life-cycle 
of these bricks. The perforated bricks broke when buildings were altered or demolished. None of the 
perforated bricks could thus be salvaged or re-used. With regards to buildings opƟ ng for solid bricks (which 
are currently actually cheaper than perforated bricks), these components were easily extracted and re-
used. Although the perforated bricks are sƟ ll readily used in a South African context, clients will have to 
consider the whole life-cycle of materials in future projects and aim at construcƟ ng buildings for future 
deconstrucƟ on & disassembly. The negaƟ ve side of opƟ ng for building deconstrucƟ on & disassembly is that 
it may take longer than demoliƟ on processes as this method can be extremely labour (and thus Ɵ me & cost) 

Fig 2.3: Kharuffa, S., 2007. [Photograph] 
Perforated bricks. Break when wall is 
demolished. Cannot be reused. 

In: Kharrufa, S., 2007. ReducƟ on of building waste in 
Baghdad, Iraq. Building & Environment, [e-journal] 
42(2053-2061). Available through: University of the 
Witwatersrand Library Website <hƩ p://www.wits.
ac.za/library> [Accessed 11 March 2014]

Fig 2.2: Kharuffa, S., 2007. [Photograph] Solid 
bricks. Can mostly be extracted and reused 
after demolition.

In: Kharrufa, S., 2007. ReducƟ on of building waste in 
Baghdad, Iraq. Building & Environment, [e-journal] 
42(2053-2061). Available through: University of the 
Witwatersrand Library Website <hƩ p://www.wits.
ac.za/library> [Accessed 11 March 2014]
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intensive (Kharuff a, 2007: 2059, 2060; Poon et al., 2004: 464).

Masonry work should be uƟ lized in conjuncƟ on with internal drywall parƟ Ɵ oning. Although drywall 
parƟ Ɵ oning is about 80% higher in costs than convenƟ onal brick walls or concrete block walls, the cost can 
be off set against plastering, high construcƟ on Ɵ me and high labour costs. It is approximated that opƟ ng for 
drywall parƟ Ɵ oning can reduce construcƟ on Ɵ me by 70% (which lowers labour costs) and can increase the 
usable fl oor area by up to 8% due to drywall parƟ Ɵ oning being thinner than convenƟ onal masonry walls. 
This is of parƟ cular interest in offi  ces as well as shopping centres where every square metre is imperaƟ ve 
to the client’s return on investment. By uƟ lizing internal drywall parƟ Ɵ ons, which are usually modular and 
standardized components, less waste will be produced on-site which will save costs later down the line in 
terms of waste transportaƟ on, incineraƟ on & landfi lling (Poon et al., 2004: 464).

Timber formwork in aid of casƟ ng concrete
In both Asia and in South Africa, Ɵ mber formwork in aid of casƟ ng concrete is a very popular construcƟ on 
material. This is because it is relaƟ vely inexpensive, light in weight and has a high load bearing capacity. 
Furthermore; it is easily cut and quite pliable. The downside of this material is that due to its relaƟ vely low 
durability and low re-usability it results in a vast amount of construcƟ on waste being produced. In the Hong 
Kong study conducted by Poon et al. (2004: 463) it has been concluded that Ɵ mber formwork is the highest 
contributor to construcƟ on waste on-site. In fact, approximately 30% of construcƟ on waste produced 
on sites in Hong Kong is as a result of Ɵ mber formwork. As all the formwork will have to eventually 
be discarded and replaced, Ɵ mber formwork in its whole life-cycle results in 100% waste aŌ er several 
construcƟ on cycles (Poon et al., 2004).

This can easily be replaced by alternaƟ ve formwork technologies which usually involves metal formwork. 
Although this requires a high iniƟ al cost, it will be balanced out in the long term with the savings that will 
be made in terms of the alternaƟ ve formwork technologies requiring less labour. The concrete products 
cast within the metal formwork will also be of a higher and more consistent quality and concrete surfaces 
will be immediately suitable for applying both paintwork and Ɵ ling (Poon et al., 2004: 464). Due to the Ɵ me, 
material and cost savings associated with modern formwork technologies as opposed to Ɵ mber formwork, 
the construcƟ on industry internaƟ onally is adopƟ ng these alternaƟ ve techniques.

ConstrucƟ on material diff erences conclusions
In conclusion, Poon et al. (2004: 467) listed the factors that aff ect the selecƟ on of construcƟ on materials. 
These factors, in order from highest infl uenƟ al factor to lowest infl uenƟ al factor are; material cost, 
client’s requirements, material availability, effi  ciency of construcƟ on, ease of construcƟ on, availability 
of equipment, site space and labour available. It is thus evident that costs in conjuncƟ on with client’s 
requirements are the main drivers of material selecƟ on whereas construcƟ on waste producƟ on or 
designing for future disassembly or deconstrucƟ on is not even under consideraƟ on.

2.8.2 How the construction industry differs internationally in terms of labour costs
The construcƟ on industry’s labour force plays a vital role in all countries’ economies, especially that of 
developing economies in which rapid housing & infrastructure developments are taking place. These 
developments in turn also create a vast amount of secondary employment opportuniƟ es, i.e.: labour 
workers at construcƟ on material fabricaƟ on sites. 

The construcƟ on sector is the largest industrial employer in Europe as it employs more than 7% of 
Europe’s workforce. In the United States of America, the construcƟ on labour force accounts for 8% of total 
employment. Furthermore construcƟ on labour accounts for 20-50% of the total costs of a construcƟ on 
project and is thus seen as the highest risk taken on by the contractor due to potenƟ al producƟ vity issues 
which will result in project and thus cost overruns (Kazaz & Ulubeyli, 2004: 93).

From the InternaƟ onal ConstrucƟ on Cost Survey 2013 (Turner & Townsend, 2013:11) it can be deduced that 
South African labour costs are higher than labour costs in China, India & Qatar. ConstrucƟ on labour costs in 
Eastern countries are extremely low, in the EC Harris InternaƟ onal ConstrucƟ on Cost Report (2012: 8) it is 
stated that labour costs in Eastern countries are about a third of labour costs in the United Kingdom.

Labour costs in South Africa are similar to that of labour costs in Singapore, Hong Kong, Malaysia and the 
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United Arab Emirates. Poon et al. (2004: 469) found that in Hong Kong labour is more expensive than the 
construcƟ on materials and the contractors on-site would therefor not focus on reducing construcƟ on waste, 
but rather on keeping the labour force producƟ ve.

Labour costs in the United Kingdom, Canada and in Australia are signifi cantly higher than labour costs 
in South Africa. In turn, clients and contractors in Europe as well as the United Kingdom have problems 
securing access to a suffi  cient volume of labour capacity, especially skilled labour forces. This is due to 
recent economic slowdown and labourers having moved into other more job-secure markets. The United 
States of America currently has the highest construcƟ on labour costs globally due to their construcƟ on 
industry being heavily unionised (EC Harris Research, 2012: 13; Turner & Townsend, 2013:11). 

The opportunity to opƟ mize interconƟ nental trading of labour has thus emerged due to varying labour costs 
in diff erent countries. It is important to note that the InternaƟ onal ConstrucƟ on Cost Survey 2013 (Turner 
& Townsend, 2013:11) idenƟ fi ed South Africa as the country with the greatest risk in terms of labour cost 
escalaƟ on, namely a predicƟ on of a 9% cost escalaƟ on by the end of 2014. This is due to labour strikes in 
which workers demand wage increases above the currently high infl aƟ on rate (Turner & Townsend, 2013: 
44). It will thus be imperaƟ ve to minimise labour costs in a South African context in order to minimise the 
overall construcƟ on costs of projects.

In Al-Hajj & Hamani’s (2011) study conducted in the United Arab Emirates, it was idenƟ fi ed that the main 
cause of construcƟ on waste is labourers’ lack of awareness and more importantly labourers’ aƫ  tudes. 
Labour workers oŌ en see waste segregaƟ on, waste reuse or recycling and waste prevenƟ on as a workload 
burden or outside their scope of employment. It was Chen, Li & Wong (2002: 525) who stated that “without 
careful control and rewarding systems, construction workers may become careless in handling construction 
materials.”  It can thus be concluded that labour skill, labourers’ behaviour and awareness (which all fall 
under the contractor’s responsibility) directly infl uence the amount of construcƟ on waste produced on 
construcƟ on sites. This is directly supported by Lingard et al.’s (1997) study conducted in Australia which 
was enƟ tled Waste Management in the Australian ConstrucƟ on industry: A Human factors approach.

2.8.3 How the construction industry differs internationally in terms of automation and robotics
“Intelligent building and construcƟ on automaƟ on has been, in one form or another, instrumental for 
decades and yielding many benefi ts” (Zavadskas, 2010: 286). An example of this is the internaƟ onal 
emerging roboƟ c technologies in terms of prefabricaƟ on of design components. These technologies can 
yield highly-individualized building elements and components of very complex geometries with consistent 
quality and producing only a small, if any, amount of construcƟ on waste. Due to the benefi ts of speed, 
accuracy and consistency of these machines, roboƟ cs has to some extent replaced construcƟ on labour 
workers. However, the high cost of automaƟ on, roboƟ cs and new machinery sƟ ll encourages most clients 
to opt for lower level technologies and more tradiƟ onal low-waste construcƟ on methods. This parƟ ally 
contributes to the internaƟ onal problem of huge amounts of construcƟ on waste produced annually (Chen, 
Li & Wong, 2002: 522). 

Due to the South African construcƟ on industry employing a large number of labour workers, there are 
obviously concerns about mechanizaƟ on, automaƟ on & roboƟ cs entering the industry and pushing out 
the workforce. The percepƟ on that all construcƟ on automaƟ on & roboƟ c systems will eventually replace 
construcƟ on labour workers is luckily untrue. 

In some instances the advent of automaƟ on & roboƟ c technologies in the construcƟ on industry can create 
addiƟ onal employment opportuniƟ es in the long run. This is evident in the bar-code technique which is 
used to facilitate the eff ecƟ ve management of construcƟ on materials on large construcƟ on sites. This 
construcƟ on materials management technique provides instant and up-to-date informaƟ on of quanƟ Ɵ es 
of construcƟ on materials exchanged between the storage keeper and the group leaders of construcƟ on 
workers on site. This technique is thus a group-based incenƟ ve reward programme (IRP) which encourages 
all construcƟ on labour workers to minimise avoidable wastes of construcƟ on materials by rewarding the 
labourers according to the amounts of construcƟ on material that they have saved. This system creates 
employment opportuniƟ es in the aspects of designing, implemenƟ ng and monitoring the system. AddiƟ onal 
employment opportuniƟ es include storage keepers as well as individuals who constantly bar-code every 
construcƟ on material. In turn, this system encourages construcƟ on labourers to use materials sparingly, to 
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save material by reducing operaƟ onal mistakes and by returning unused or inadequate materials for future 
reuse or recycling (Chen, Li & Wong, 2002: 521, 522, 525, 528).

This bar-code technique can be uƟ lized in conjuncƟ on with a Web-based ConstrucƟ on Waste EsƟ maƟ on 
System (WCWES). As the WCWES is an online system, stakeholders should consider the online trading of 
re-usable and recyclable construcƟ on wastes between vicinity sites. It will thus be the perfect example 
of all construcƟ on stakeholders collaboraƟ ng with each other, in some instances even across projects to 
neighboring sites. This will in essence not only be environmentally sustainable, but will also potenƟ ally save 
clients a lot of unnecessary material costs.

The above-menƟ oned systems in conjuncƟ on with designers uƟ lizing BIM from the design stage onwards 
can in conjuncƟ on reduce construcƟ on waste considerably in any context.

2.8.4 How the construction industry differs internationally in terms of policies, legislation & 
guidelines
AŌ er World War II most developed naƟ ons implemented regulaƟ ons in terms of construcƟ on waste 
management. The main objecƟ ve of these regulaƟ ons was to reduce the environmental impact of 
construcƟ on waste to in turn promote sustainable development. Heavy taxaƟ on as well as penalƟ es 
were incorporated by numerous municipaliƟ es to discourage landfi lling and incineraƟ on of construcƟ on 
waste. The main focus of these waste management plans is to fi rstly avoid waste altogether and secondly 
to minimise waste by means of recycling & re-using. Waste disposal should only be seen as a last resort 
(Yeheyis et al., 2013: 81). 

In Canada numerous municipaliƟ es have by-laws in place which outlaws the landfi lling of specifi c types of 
construcƟ on waste, yet there is currently no Canadian legislaƟ on in place to reduce construcƟ on waste at 
source. This is contrary to the Hong Kong government which has promulgated extensive regulaƟ ons for 
promoƟ ng eff ecƟ ve and holisƟ c construcƟ on waste management (Yuan, 2013a: 102; Yeheyis et al., 2013: 
84). In order contexts, like Shenzhen city in China, it was idenƟ fi ed that governmental regulaƟ on is the 
single most important factor for managing construcƟ on waste. This fi nding was echoed by Osmani et al. 
(2008) who stated that architects perceive regulaƟ on to be the most important incenƟ ve that will drive 
construcƟ on waste reducƟ on during the design stage (Yuan, 2013b: 478). In turn, Osmani (2012) stated that 
legislaƟ ve and other fi scal measures are undoubtedly the major drivers for construcƟ on waste minimisaƟ on 
in the United Kingdom. 

The Government of South Africa published the National Environmental Management: Waste Act, Act No. 59 
of 2009 in order to reform waste management policies in South Africa by law. This Act is in turn supported 
by South Africa’s National Waste Management Strategy (NWMS) (Wiechers, 2010). Unfortunately, this Act 
does not currently address construction waste directly and separately, but addresses waste management 
in general with specific focus on municipal waste. This is thus a causative factor of the continuous 
problem of construction waste in South Africa. The Gauteng Provincial Government’s Provincial Building 
& Demolition Waste Guidelines (2009) does, however, provide some non-legislatory guidelines as to 
minimise construction waste in the Gauteng province. These guidelines form part of an Integrated Waste 
Management Plan (IWMP) which will be combined into the Provincial Management Plan. Barriers of 
implementing these plans in South Africa include limited human and resource capacities as well as financial 
constraints. As it is extremely challenging for rural municipalities in South Africa to implement these plans; 
informal & unlicensed construction waste disposal fee practices may result.

This is contrary to the United Kingdom’s government who has fully committed to sustainable construction 
strategies and waste minimisation practices (Domingo et al., 2009: 1022-1023). The United Kingdom has 
utilized a combination of regulation, economic instruments and voluntary agreements to meet targets 
of social, ethical and environmental performance in driving the waste management agenda. The United 
Kingdom’s Strategy for Sustainable Construction which was published in 2008 called for zero construction 
waste to landfill in 2020. In addition to this, the current exorbitant taxation of waste disposal fees to landfill 
as well as compulsory construction waste management plans for larger projects in the UK pushes the 
industry towards a closed loop production system (Osmani, 2012: 38).
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Gauteng Provincial Government’s Building & Demolition Waste Guidelines (2009)
As mentioned above, certain non-legislatory guidelines as to minimise construction waste in South Africa 
currently exist in the form of the Gauteng Provincial Government’s Provincial Building & Demolition Waste 
Guidelines (2009). The primary aim of these guidelines are to guide the user in terms of selecting an 
appropriate building and demolition waste minimisation option. 

These guidelines, with specific reference to the design stage guidelines, are currently very limited and 
include only the following: 

• Make use of lasting construction materials in order to reduce maintenance frequency and thus waste 
(2009: 34).

• Design for future building disassembly. This includes re-using and recycling construction materials 
especially for low-cost housing in South Africa (2009: 34). 

• Planning departments (which include both local & provincial authorities) should make use of the 
condition that when authorising building plans, construction materials and waste is sufficiently 
considered (2009: 34, 35).

• A registry for professional Waste Management practitioners and Waste managers should be established 
in order to uphold certain ethics & professional standards. This will also aid in awareness and will 
support the already established voluntary Institute of Waste Management of South Africa (2009: 34, 
35).

As these guidelines are extremely limited, it is evident that the construction industry in Gauteng can benefit 
from a more comprehensive set of critical factors that will minimise construction waste produced during the 
design stage.

ConstrucƟ on Waste Disposal Tariff s in South Africa
The City of Cape Town (Western Cape Province) in South Africa has recently introduced tariff s at 
construcƟ on waste disposal sites in order to promote other means of “disposing” waste. This was aŌ er 
the Environmental Management Plan of the Western Cape idenƟ fi ed that 80% of construcƟ on waste that 
goes to landfi lls can be recycled. This “waste” thus has a residual value which can be uƟ lized elsewhere 
in Cape Town or in the Western Cape Province (Emery & Manson-Kullin, 2010: 77; Environmental Waste 
Management Plan of the Western Cape, 2008). 

Cape town is thus a front-runner in South Africa in terms of construcƟ on waste management and it will thus 
be expected that other large metropolitan areas like Durban and Johannesburg will follow suit.

ConstrucƟ on Waste ReducƟ on Clauses
Apart from government regulaƟ on and legislaƟ on as menƟ oned above, the client can also contractually 
sƟ pulate waste reducƟ on clauses, strategies and waste management plans. This involves designing for 
waste effi  cient procurement and penalising poor waste performance on the overall project. There should 
thus be clear & accurate records of material purchased, payed, delivered and used in order for construcƟ on 
waste audits to be implemented. Due to this directly aff ecƟ ng the contractor fi nancially, one can assume 
this approach to be very eff ecƟ ve (Al-Hajj & Hamani, 2011; Dainty & Brooke, 2004: 23; Domingo, Osmani & 
Price, 2009: 1026; Gauteng Provincial Government, 2009: 34;  Poon et al., 2004: 468; Sutrisna, 2012: 148; 
WRAP, 2009: 24).

2.9 The role of the GBCSA (Green Building Council South Africa) in Gauteng in terms of 
construction waste minimisation
The GBCSA is a local and independent Non-Profi t OrganizaƟ on (NPO) that was formed in 2007 in order to 
lead the South African construcƟ on industry in terms of sustainable development. This includes uƟ lizing 
resources more effi  ciently as well as creaƟ ng healthier and more producƟ ve environments for South 
Africans. The GBCSA is one of 92 internaƟ onal members of the World Green Building Council (WGBC).

The GBCSA promotes Green Buildings mainly by establishing a common language of measurement coined 
the Green Star SA RaƟ ng tools by which projects are measured and in turn cerƟ fi ed (hƩ ps://www.gbcsa.org.
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za/about/).

Credits for obtaining GBCSA Green Building accreditaƟ on can be scored in all of the following categories:
• Management
• Indoor Environmental Quality (IEQ)
• Energy
• Transport
• InnovaƟ on
• Water
• Materials
• Land Use & Ecology
• Emissions
(GBCSA, 2008: 2-4).

Within the above categories, various raƟ ng points can be specifi cally allocated to construcƟ on waste 
minimisaƟ on. These categories are discussed hereunder in conjuncƟ on with their possible raƟ ng point 
allocaƟ ons. 
• Management

• Environmental Management (2 points are available if a comprehensive & project-specifi c 
Environmental Management Plan (EMP) is provided and consistent and ongoing compliance 
thereof is adhered to.)

• Waste Management (3 points are available if the contractor implements a Waste Management 
Plan (WMP), retains adequate waste records, issues quarterly reports and a percentage of all 
construcƟ on waste is thus ulƟ mately reused or recycled)

• Materials
• Recycling Waste Storage (2 points are available when a storage space that facilitates the recycling 

of resources used within buildings are incorporated which will ulƟ mately reduce waste going to 
disposal)

• Land Use & Ecology
• Topsoil (1 point available if you preserve the ecological integrity of topsoil)

(GBCSA, 2008: 2-4, 28, 31, 279).

From the above it is evident that the GBCSA is creaƟ ng awareness in South Africa with regards to 
construcƟ on waste minimisaƟ on. Furthermore Gauteng is the province in South Africa which by far has the 
most accredited GBCSA Green Buildings (www.gbcsa.org.za/projects/cerƟ fi ed-projects). It is thus evident 
that the GBCSA has vastly infl uenced the construcƟ on industry in Gauteng to reform to not only more 
sustainable design soluƟ ons, but also in terms of holisƟ cally minimising & managing construcƟ on waste.

2.10  Literature Review Conclusions
Factors which influence construction waste during the design stage have been identified internationally 
by means of a global literature survey. The prevalency of the factors within the literature was statistically 
determined and factors were ranked in terms of global significance. This is thus a conceptual framework 
which will be utilized as a launch pad in the research methodology chapter hereafter.

As the identified factors are all from various contexts, these factors can not necessarily be limited to a short 
list prior to being validated by means of online quantitative questionnaires in a South African context. It can 
thus be concluded that all twenty-six factors as listed above will be investigated in a South African context in 
order to test both the significance and the ease of implementation of each factor.

The literature review revealed that economic performance and corporate image, especially from the client’s 
perspective, is still the foremost objective of construction waste minimisation and management as opposed 
to environmental & social aspects which is considered as being of a lower priority in the industry. (Yuan, 
2013b: 476.) This is noteworthy as economic incentives, rewards and penalties can thus be seen as the 
driving solution to overcome waste management & waste minimisation barriers.
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Some of the identified factors were found to be interlinked and interdependent on one another. It can 
thus be concluded that construction waste management and waste minimisation should be approached 
holistically and factors can not be implemented in a piecemeal or segregated approach. Some critical factors 
will be implemented by default if other factors are in place. In conclusion; there is a pressing need for an 
integrated waste reduction approach in South Africa (this can fall in place once critical factors are identified) 
which combines waste management mechanisms, waste management technologies, local green star rating 
systems and legislation in a rational and pragmatic way (Yeheyis, 2013: 85). With this considered; some 
factors will be more of a “quick win” as opposed to others, especially in varying contexts. Therefor the 
research in this study will not only explore the significance of the identified factors contextually in Gauteng, 
but it will also be of value to research various factors’ ease of implementation. This is discussed further in 
the research methodology chapter.
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3. RESEARCH METHODOLOGY
3.1 Research Objective
The primary objective or purpose of this study will be to determine the critical factors in effective physical 
construction waste minimisation at the design phase of a greenfield (previously undeveloped) construction 
project in the Gauteng region context. These factors will in turn be ranked in terms of both the significance 
these factors will have in a Gauteng region context and in terms of ease of implementation.

3.2 Research Approach
The main research approach uƟ lized within this report is the collecƟ on of causality data about construcƟ on 
waste within the specifi c context of the Gauteng region by uƟ lizing predetermined & highly structured data 
techniques. This technique is uƟ lized as data collecƟ on was used to explore the phenomena of construcƟ on 
waste and a conceptual framework (Table 2.2) was thus formed. This conceptual framework uƟ lized 31 
recent sources in order to list 26 waste minimisaƟ on factors from 15 diff erent global contexts. Factors from 
global contexts were also included in order to derive a holisƟ c framework. This research report will build on 
this conceptual framework by means of generalizing these factors in the Gauteng region context.

3.3 Research Methodology & Research Design
The research methodology which will be used to invesƟ gate the research problem will be an emancipatory 
theory research design method aŌ er Creswell (2009: 25) as the research aims to eventually empower 
the respondents of the study. The Gauteng designers may use the idenƟ fi ed waste minimisaƟ on criƟ cal 
factors in future construcƟ on projects. This exploratory research design will fi rstly incorporate qualitaƟ ve 
approaches which in turn will be followed by quanƟ taƟ ve techniques as described in the research method 
below. The results will be staƟ sƟ cally analysed and interpreted to produce a set of criƟ cal factors for 
physical construcƟ on waste minimisaƟ on within the Gauteng region context. In summaƟ on; the study 
approach is thus a strategy of inquiry in which current design and construcƟ on waste minimisaƟ on pracƟ ces 
are explored in depth within the context of the Gauteng Province (Creswell, 2009: 30; Saunders et al., 2012: 
167; 179).

Wang, Li and Tam (2014), who did a similar study within a Chinese context, made use of a similar research 
design methodology to derive at criƟ cal factors that will minimise construcƟ on waste at the design phase of 
Chinese construcƟ on projects. This research report is parƟ ally a replicaƟ ve study of the work of Wang, Li & 
Tam (2014) within a South African context and thus leans strongly on their research method. This report’s 
research method is further strengthened by the approach of Dainty & Brooke (2004) as discussed below. 

This research methodology thus has complementary strengths as the second part of the research, which 
will encompass validaƟ ng quesƟ onnaires within the Gauteng region context, will aid in exploring the 
applicability as well as the signifi cance of the iniƟ al conceptual framework idenƟ fi ed in the literature review. 

3.4 Research Method & Research Strategy
The research process in this study was as follows: firstly; potential factors which can influence physical 
construction waste minimisation on greenfield sites (previously undeveloped) in the design phase within 
various contexts globally was identified by means of qualitatively researching and interpreting various 
bodies of existing knowledge. These bodies of knowledge included numerous global academic peer-
reviewed journal paper articles and conference papers, which are seen as credible sources due to these 
sources being refereed. Global reports, design manuals as well as site guides were also surveyed for factors. 
Book publications and the Gauteng Provincial Building & Demolition Waste Guidelines were reviewed 
from the currently limited South African body of knowledge. This combination of primary & secondary 
literature sources yielded a positivist conceptual framework of factors identified from a global context. This 
conceptual framework can be seen in Table 2.2.

The frequency of factors within the literature in the current global body of knowledge was determined 
quantitatively and factors were ranked from the most prevalent to the least prevalent. It was then identified 
that due to the factors being from varying contexts, it will be appropriate to test the significance of all the 
factors identified within the Gauteng region context. 

Secondly; sampled architects and designers will be surveyed in-depth by means of positivist quantitative 
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digital questionnaires. Within these online questionnaires which are utilized as a research strategy, Likert 
scales will reveal the significance rating of the previously identified factors within the Gauteng region 
context. The Likert scales will also be implemented to measure the ease of implementation of the identified 
factors (Dainty & Brooke, 2004: 22).

From these quantitative online surveys, the South African critical factors of construction waste minimisation 
will be derived and interpreted. The research methodology thus elaborates and expands on the initial 
research method, which then ultimately results in an Interpretivist research solution (Creswell, 2009: 31). 
The final critical factors will be an important contribution to the South African body of knowledge. 

3.4.1 Qualtrics Survey Software & Digital Survey Questionnaires
DeducƟ on is uƟ lized as a research approach as digital survey quesƟ onnaires will be used as a data collecƟ on 
technique in order to evaluate the predetermined conceptual framework (Table 2.2) within the Gauteng 
region context (Saunders et al., 2012: 144).

Saez et al. (2013: 54) as well as Wang, Li & Tam (2014: 2) noted in their respecƟ ve studies that the 
quesƟ onnaire methodology has been vastly implemented in previous context-specifi c studies with regards 
to idenƟ fying factors that will minimise construcƟ on waste. This includes Osmani et al.’s (2008) study in 
the United Kingdom, Begum et al.’s (2007) study in Malaysia as well as Lu & Yuan’s (2010) study in China. 
This study will opt for online quesƟ onnaires due to the assumpƟ on that target populaƟ on of professional 
designers will all have access to internet and can thus partake in the online survey quesƟ onnaire within 
their own Ɵ me and in a physical environment that they will feel comfortable in.

The Qualtrics Survey SoŌ ware tool will be uƟ lized as this can be accessed from the University of the 
Witwatersrand.

The online quesƟ onnaire in this study will consist of three parts as discussed below.

QuesƟ onnaire Part One
The survey kicks off  with an introducƟ on and informaƟ on with regards to the research study. This followed 
by the fi rst quesƟ ons which will determine whether the respondents have worked on cerƟ fi ed Green 
Buildings in the Gauteng region. ThereaŌ er, the quesƟ ons in part one will evolve around the demographics 
of the respondents. This demographics secƟ on will include the employment role of the respondents when 
having worked on Green Buildings in Gauteng (see populaƟ on of designers below), number of years of 
experience in the Green Building industry in Gauteng and the highest level of educaƟ on of the respondents. 

QuesƟ onnaire Part Two
The second part will include all the factors idenƟ fi ed from the conceptual framework in the literature review 
(Table 2.2) which respondents should rate by means of Likert scales in terms of both signifi cance as well as 
ease of implementaƟ on in the Gauteng region context. 

QuesƟ onnaire Part Three
The third part of the quesƟ onnaire will include an opƟ onal space for respondents to suggest factors that 
had not been covered in the second part of the quesƟ onnaire.

The online quesƟ onnaire in conjuncƟ on with the introductory leƩ er can be found in Appendix B.

3.4.2 Likert Scales
Likert scales have been prevalently implemented in similar studies globally. This is evident in Table 2.1 which 
summarizes numerous research methodologies that has been uƟ lized in both context-specifi c as well as 
global studies which all aimed at idenƟ fying construcƟ on waste minimisaƟ on factors. 

Wang, Li & Tam (2014) as well as Lu & Yuan (2010) both incorporated Likert scales in their respective studies 
which identified critical factors for construction waste minimisation in a Chinese context whereas Osmani 
et al. (2008) made use of the same approach when conducting a study in the United Kingdom. Saez et al. 
(2013) made use of Likert scales in a Spanish context and Ekanayake & Ofori (2004) implemented Likert 
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scale techniques in a Singapore study. Within an African context; Oladiran (2009) opted for Likert scales in a 
Nigerian context. 

It is thus a prevalent approach in the construction industry to contextually identify critical factors that will 
affect construction waste minimisation.

Five-point Likert Scales
The five-point Likert scale technique, as adopted from Wang, Li & Tam (2014), will thus be utilized as a 
research instrument in order for respondents to rate the various factors’ significance in Gauteng. This 
Gauteng specific study will also include rating the ease of implementation of the identified factors and 
thus takes Wang, Li & Tam’s (2014) approach further. This additional approach of rating the “ease of 
implementation” of factors is based on a similar study’s research methodology, namely: Dainty & Brooke’s 
(2004: 22) article entitled Towards improved construction waste minimisation: a need for improved supply 
chain integration? The “ease of implementation” scores will reveal the factors that will be “most likely to 
be utilized as part of a robust waste minimisation strategy” in the Gauteng region and is seen as a research 
sub-question (Dainty & Brooke, 2004: 25). 

On five-point this Likert scale; 
• 5 is denoted as being extremely significant or extremely easy to implement
• 4 is denoted as being important or easy to implement
• 3 is denoted as neutral
• 2 is denoted as unimportant or difficult to implement and 
• 1 is denoted as negligible or impossible to implement

3.4.3 Research Sampling, Research Population & Contacting the Population
It is crucial to make use of appropriate research sampling in order to obtain effective and valuable 
information from the relevant population. The main target population for this study are designers, as they 
are the key stakeholders in the design stage and are thus seen as the gatekeepers of knowledge.

Sampled AEC (architecture, engineering & construction) designers for the online survey questionnaire will 
be targeted based on the following criteria:

• Designers who have attempted to minimise waste on greenfield (previously undeveloped) sites in the 
design stage AND

• Designers who have achieved Green Building Council of South Africa (GBCSA) certification as a result 
thereof AND

• These projects should be Green buildings located in the Gauteng region of South Africa only. (This will 
ensure a context specific study.)

Data obtained from the surveyed designers will only be processed if the respondents have met all of the 
above criteria.

This approach to research can be seen as “advocacy” or “participatory” research after Creswell (2009: 25, 
27) and was chosen as respondents (designers) can collaboratively advance an agenda for change which will 
ultimately benefit the South African body of knowledge. 

It is assumed that designers who have worked on Gauteng accredited green buildings will have cuƫ  ng-edge 
knowledge about current industry pracƟ ces and thus carry knowledge about the best contextual pracƟ ces 
to minimise construcƟ on waste. This is based on the fact that the GBCSA encourages construcƟ on waste 
minimisaƟ on by rewarding good pracƟ ces with points which may ulƟ mately lead to green star raƟ ngs. 

In the Green Star SA Offi  ce v1 2008 publicaƟ on by the GBCSA, which is the publicaƟ on that guides green star 
raƟ ngs for offi  ces, they state that:
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“Up to three points are awarded where:

• The contractor implements a Waste Management Plan (WMP), retains waste records 
and

• issues quarterly reports to the building owner; AND
• A percentage (by mass) of all demoliƟ on and construcƟ on waste is reused or recycled 

as follows:
  - One point for 30% of the waste;
  - Two points for 50% of waste; and
  - Three points for 70% of waste.”

 (GBCSA, 2008: 31).

Research Target PopulaƟ on
The Green Building Council of South Africa (GBCSA) has up until the second quarter of 2014 published 26 
certified projects as Green Buildings in the Gauteng region alone and this number is constantly growing 
(www.gbcsa.org.za/projects/cerƟ fi ed-projects). 

Table 3.1 lists GBCSA certified Green Buildings in Gauteng & Professional Consultants Associated with these 
Buildings. These are thus the firms whose employees may form part of the research target population. 
As can be deduced from Table 3.1; there are certain companies who are front-runners when it comes to 
Green Buildings in Gauteng as they have been involved in multiple of these projects. 
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In summation from Table 3.1; 

• 17 Architecture firms, 
• 11 Structural Engineering firms and 
• 6 Sustainability Consulting firms are noted

The population of designers, as identified above, can further be divide into various stratified groups 
which all need to be presented in this research report. These groups include; architects, architectural 
technologists, architectural draughtsmen, structural engineers, structural technologists and structural 
draughtsmen. Sustainability consultants (consultants whose main role is to advise other professions in the 
built environment) are also included as they provide design guidance to designers within the design stage of 
projects. Project managers were excluded as they are seen as providing more a managerial role as opposed 
to having a hands-on approach in the design stage.

Of the 26 certified GBCSA projects in Gauteng (as seen in Table 3.1) all the projects are office blocks with 
the exception of two projects, namely; 40 on Oak (a residential project) and Villa Mall (a retail complex). 
Office blocks are thus seen as being the most prominent architectural typology of green buildings in 
Gauteng. As based on the GBCSA case study of the Green Building Alice Lane Building 2 in Sandton (an 
office block), we can assume that each Green Building in Gauteng’s team consists of;

• 1 Architect
• 2 Architectural Technologists
• 2 Architectural Draughtsmen
• 1 Structural Engineer
• 2 Structural Technologists
• 1 Structural Draughtsmen
• 1 Sustainability Consultant
(www.gbcsa.org.za/projects/cerƟ fi ed-projects).

This will yield 10 professionals per project which will consist of;

• 5 Architectural consultants
• 4 Engineering consultants and 
• 1 Sustainability consultant per project. 

If one were to further assume that each firm only consists of either 5 architectural consultants or 4 
engineering consultants or 1 sustainability consultant that work on Green Building projects due to the 
current low number of accredited Green Building projects in Gauteng, we can attempt to calculate the 
research target population number as follows:

(5 Architectural consultants per project x 
17 Architectural firms in Gauteng who have worked on Green Buildings) 

+ 
(4 Engineering consultants per project x 

11 Engineering firms in Gauteng who have worked on Green Buildings) 
+ 

(1 Sustainability consultant per project x 
6 Sustainability Consulting firms in Gauteng who have worked on Green Buildings) 

= 85 + 44 + 6 
= 135 People as the Research Target Population Estimation

Required Response Rate & Confi dence Level
According to Nulty (2008: 310), a response rate of 87% is required for the target populaƟ on size of 
135 people in order to have a 95% confi dence level. Previous yet similar studies’ target populaƟ on in 
conjuncƟ on with quesƟ onnaire response rates received are listed in Table 3.2. The actual response rate of 
this study in conjuncƟ on with the fi nal confi dence level is discussed in Chapter 4.
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ContacƟ ng the Research Target PopulaƟ on
As the quesƟ onnaires are based online, potenƟ al respondents will be invited via e-mail. These e-mail 
addresses will be obtained from the online database of the Green Building Council of South Africa where 
you can browse by province (this report focuses on Gauteng region only) as well as by profession. PotenƟ al 
respondents from this database will be idenƟ fi ed via their fi rm affi  liaƟ ons as is seen in Table 3.1. This 
selecƟ on is done as not all persons that are registered with the GBCSA in Gauteng have necessarily worked 
on green buildings.

3.5 Proposed Research Data Analysis
The data from the online quesƟ onnaires will be analysed in numerous ways as discussed below in order to 
create lists and graphs from which conclusions and recommendaƟ ons can be drawn.

CalculaƟ ng means of the idenƟ fi ed factors in order to rank factors
Determining the mean values from data gathered by uƟ lizing Likert scales has been prevalently done in the 
construcƟ on industry in the past. Wang, Li & Tam (2014) as well as Dainty & Brooke (2004) both calculated 
means of the idenƟ fi ed factors that will minimise construcƟ on waste in their respecƟ ve studies conducted 
in China and in the UK (This is aƩ ached in Appendix C). Wang, Li & Tam (2014) uƟ lized the means in order 
to rank idenƟ fi ed signifi cant factors, whereas Dainty & Brooke (2004) went a step further and mapped the 
relaƟ onships between the impact and the ease of implementaƟ on of the factors uƟ lizing means. This is seen 
in Graph 3.1.

Cross-tabulated lists
In this study, descripƟ ve staƟ sƟ cs will be uƟ lized as the means of the five-point Likert scale answers from 
the online questionnaire will be utilized in order to create two ranked lists, namely;  
• a list of the critical factors in terms of significance, ranked from most frequent to least frequent
• a list of the critical factors in terms of ease of implementation, ranked from most frequent to least 

frequent
The above two lists will also be tabulated next to each other in order to reveal the factors’ relaƟ onships 
with one another.

Mean Factor RaƟ ng Graphs

Graph 3.1: Dainty, A.R.J & Brooke, R.J., 2004. Assessment of Waste management measures 
identified. 

In: Dainty, A.R.J. & Brooke, R.J., 2004. Towards improved construcƟ on waste 
minimisaƟ on: a need for improved supply chain integraƟ on? Structural Survey, 
[e-journal] 22(1)(20-29). Available through: University of the Witwatersrand Library 
Website <hƩ p://www.wits.ac.za/library> [Accessed 13 March 2014]

A similar graph as above will be uƟ lized in this study in order to map the relaƟ onship between the 
signifi cance and the ease of implementaƟ on of the means of the idenƟ fi ed factors in Gauteng. The one axis 
will map the means of the signifi cance of factors whereas the other axis will map the means of the ease of 
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implementaƟ on of factors. From this graph, favoured and high impact soluƟ ons can be concluded. 

These conclusion will in turn be supported by Table 3.3 which generalizes mean values to a scoring system 
for prioriƟ saƟ on. This table was adapted from Barry et al. (2008) who in turn adapted it from Jillson (1975).

Table 3.3: Scoring System for prioritisation of Mean Values

As adapted from: Barry, M., Steyn, H. & Brent, A., 2008. Determining the most important 
factors for sustainable energy technology selecƟ on in Africa: ApplicaƟ on of the Delphi 
Technique. In: InternaƟ onal AssociaƟ on for Management of Technology Conference, 
2008. Available at: Google Scholar <hƩ p://scholar.google.co.za/> [Accessed 16 April 
2014]

Analysing Respondent Demographics in ConjuncƟ on with Findings
The data obtained will be analysed in conjunction with demographics to potentially identify sub-groups. The 
aim of this will be to investigate if there is a correlation between data given by respondents and either their 
role when having worked on green buildings, years of experience or their level of education.

AddiƟ onal factors
The questionnaire will provide respondents an opportunity to list additional factors which will minimise 
construction waste in Gauteng which were not mentioned in the survey. These factors will be investigated 
in order to see if a research gap existed in the initial conceptual framework and if there are unanswered 
questions beyond the scope of this study.

3.6 Validity, Constraints, Reliability & Generalisability of the Research
The conceptual framework as idenƟ fi ed from the exisƟ ng body of knowledge (Table 2.2) can be seen as 
valid as mulƟ ple sources of evidence which included both primary & secondary sources were uƟ lized. 
In turn; the fi nal set of criƟ cal factors within the Gauteng region, that were idenƟ fi ed by means of Likert 
scales, were thus credibly triangulated from this iniƟ al conceptual framework (Saunders et al., 2012: 82).

Constraints within the study include the limit in number of digital survey quesƟ onnaires responses received. 
This can be as a result of Ɵ me constraints of designers pracƟ cing in the industry and some designers not 
having access to internet faciliƟ es. There is also the risk of quesƟ onnaires never having reached potenƟ al 
respondents via e-mail.

Reliability concerns with regards to the online survey quesƟ onnaire include respondent error as well as 
respondent biases. Respondent error includes any factors which adversely eff ects the manner in which 
a respondent performs in order to answer the quesƟ onnaire. This can happen due to respondents being 
unfamiliar with the way the online survey is set up or  being unfamiliar with technology in general. 
Respondent biases are generally false responses on the quesƟ onnaires which may be as a result of fear of 
their anonymity not being protected or respondents answering quesƟ ons as they assume these are the 
answers the researchers are aŌ er (Saunders et al., 2012: 192). 

As generalisability refers to the extent to which the fi ndings of a research study are applicable to other 
seƫ  ngs, this study’s direct results are not very generalisable. This is due to the study focusing parƟ cularly 

Mean Value Significance Ease of Implementation

Less than 1.8 Negligible Impossible to implement
Less than 2.6 and equal to or greater than 1.8 Unimportant Difficult to implement

Less than 3.4 and equal to or greater than 2.6 Neutral Neutral

Less than 4.2 and equal to or greater than 3.4 Important Easy to Implement

Greater than 4.2 Extremely significant Extremely easy to implement
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on the context of the Gauteng region. It is, however, possible for the conceptual framework (which includes 
global construcƟ on waste minimisaƟ on factors as idenƟ fi ed from global literature) to be uƟ lized as a launch 
pad for other context-specifi c studies (Sanders et al., 2012: 382).

3.7 Research Ethical Considerations
The ethical concerns relevant to this study would mainly include confidentiality with regards to how data 
will be collected by means of in-depth Interpretivist online survey questionnaires. This includes the ethics 
around sampling a small group of willing respondents (who were all provided with respondent information 
within the cover e-mail) (see Appendix B) and ultimately how gathered data will be stored and destroyed 
upon completion of the study. 

The e-mail addresses of potenƟ al respondents will be obtained from the online database of the Green 
Building Council of South Africa. This online database reveals e-mail addresses of members of the GBCSA 
in conjuncƟ on with geographical locaƟ ons & fi rm affi  liaƟ ons. As this database is openly accessible online, 
there are no ethical concerns in this regard. The quesƟ onnaire will however have a Ɵ ck a box where the 
person compleƟ ng it gives there approved consent for their data to be used. (see Appendix B)

The raw data gathered from the online survey questionnaires will be kept until the end of April 2015 on the 
online Qualtrics Survey Software database which only I have the access password for. As this software will 
act as an intermediary between researcher and respondent, anonymity and confidentiality is guaranteed. 
This is due to the fact that Qualtrics Survey Software does not reveal a respondent’s identity to the 
researcher, but merely reveals their digital IP address. The raw data will however be discarded eventually to 
prevent the information from falling into the hands of researchers who might misappropriate it.

As respondents might benefit from the knowing the most effective construction waste minimisation factors 
in Gauteng, the processed data will be published online in the final research report on the University of 
the Witwatersrand’s website. The survey contains a declaration by myself which states that the data will 
not be used for commercial purposes in which I will have a competitive advantage due to the information 
gathered.

The target population is a specialized group of people and have most likely been used previously in research 
studies, but participation in this study is completely voluntary and respondents will be allowed to withdraw 
from the research at any time without any form of penalty.

3.8 Research Methodology Conclusions
The research design in this study starts with a qualitative conceptual framework (Table 2.2) for exploratory 
purposes regarding global construction waste minimisation factors. This was followed by quantitative online 
questionnaire surveys within a selected sampled population so that the initial factors identified can be 
generalized to the Gauteng region context. This methodology was chosen as numerous similar studies in 
other contexts made use of the same research approach to identify context-specific factors. A summarized 
flow diagram of the research methodology can be seen in Figure 3.1.
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4. RESEARCH FINDINGS
4.1 Response Rate of Questionnaires & Confidence Level
The online questionnaire survey was officially launched on 14 May 2014 after ethics clearance was obtained 
from the School of Construction Economics & Management at Wits. In total, 138 individual invitations to the 
Online Questionnaires was sent out via e-mail. This is on par with the initial target population estimation of 
135 individuals. 

Individual invitations were sent in aid of personalizing the questionnaires as potential respondents’ full 
names and surnames were available in conjunction with their e-mail addresses on the GBCSA website. (The 
questionnaire and the introductory e-mail are both available in Appendix B.) 

A valid response is a response which has adhered to all of the following criteria:
• The respondents must have given approved consent that their data may be utilized for the purpose of 

this study
• The respondents must have answered all questions in the survey as opposed to “dropping-out” during 

the process (This also aids in cleaning up the raw data obtained.)
• The respondents must have attempted to minimise waste on greenfield (previously undeveloped) sites 

during the design stage
• The respondents must have achieved GBCSA certification for the project in which they have attempted 

to minimise waste
• These projects should be Green buildings located in the Gauteng region of South Africa only. (This will 

ensure a context specific study.)

An invalid response will thus be a response which does not adhere to all of the above criteria.

After the first two weeks of launching the questionnaire, on 28 May 2014, 47 valid responses were received. 
A reminder invitation was then sent out to all potential respondents (the survey is anonymous and there 
is no way of knowing who has already responded) in order to attempt to increase the response rate and 
thus the overall credibility of this study. (The cover letter of this reminder e-mail reminder is available 
in Appendix B.) On 4 June 2014, a week after the first reminder e-mail was sent, an additional 14 valid 
responses were received which brought the total number of valid responses up to 61. A second reminder 
was then sent out on the same day. On 7 June 2014, three days after the second reminder was sent out, an 
additional 9 valid responses were received which brought the total number of valid responses up to 70 and 
the survey was officially closed. The survey was thus open for approximately 4 weeks.

There were thus 70 valid responses (out of the 138 census population) received in total which yields a 
50.7% response rate. The associated confidence level of this response rate is 80% in conjunction with a 
10% sampling error as per Nulty (2008: 310). Table 3.2 (above) shows Previous Studies’ Target Population 
in Conjunction with questionnaire response rates received. This table indicates an average response rate 
of 53%. Although this study has a slightly lower response rate than the average of 53%, this study is on par 
with the typical response rate of similar construction waste minimisation studies.

Unfortunately 7 invalid responses were received. These responses were not considered in any of the data 
processing as most of these responses were either too incomplete to be utilized  and some respondents 
were not serious when answering the questionnaire. 

4.2 Demographic profile of Respondents
Fortunately, the respondents covered the whole spectrum of design-roles (architectural, structural & 
sustainability consultants), years of experience and various levels of education. This wide overall spectrum 
of respondents has aided in obtaining more credible results as the whole AECD (architecture, engineering, 
construction & design) industry in Gauteng who has contributed to Green Buildings was thus represented. 
The following graphs will describe the demographics of the respondents in more depth.
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Graph 4.1: Graph indicating Respondents’ Roles when having worked on Green Buildings in 
Gauteng

From Graph 4.1 it can be concluded that the whole spectrum of design-roles in Gauteng has been 
represented in this study. The architectural profession (architects, architectural technologists & architectural 
draughtsman) as well as the structural engineering profession (structural engineers, structural technologists 
& structural draughtsman) are both equally represented. Sustainability consultants are the respondents 
who are the least represented in this study. 

The diversity of roles of respondents when having worked on green buildings contributes to the 
representativeness of the target population.

Graph 4.2: Graph Indicating Respondents’ Years of Experience Working on Green Buildings in 
Gauteng

From Graph 4.2 it can concluded that respondents with various levels of experience working on green 
buildings in Gauteng has been represented in this study. It is evident that most respondents have either 4-5 
years of experience or 5 years or more. This group of respondents with a high level of experience will later 
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be investigated as a potential sub-group within the study. The diversity of the various levels of experience of 
respondents contributes to the representativeness of the target population.

Graph 4.3: Graph Indicating Respondents’ Level of Education

From Graph 4.3 it can be concluded that the whole spectrum of level of education has been represented 
in this study. It is also evident that most respondents hold either a masters or a bachelor’s degree. The 
diversity of the levels of education of respondents contributes to the representativeness of the target 
population.

4.3 Exploring Construction Waste minimisation Factors in Gauteng in terms of Significance & 
Ease of Implementation
This subsection will list and discuss the significant construction waste minimisation factors identified 
in Gauteng as well as the ease of implementation of these factors. This is followed by a cross-tabulated 
list of the factors identified which shows the relationship between the factors’ significance & ease of 
implementation.

4.3.1 Significance of Construction Waste Minimisation factors in Gauteng
Table 4.1 lists the critical waste minimisation factors in Gauteng in terms of Significance, ranked from most 
frequent to least frequent as per mean factor rating score. These context-specific factors in comparison with 
the initial conceptual framework (Table 2.2) which indicates the prevalency of factors from global literature 
is very comparable, with the exception of the implementation of BIM being found as being very significant 
in Gauteng. This may be due to BIM being a relatively new concept and was thus not discussed prevalently 
as a waste minimisation factor in global literature.

4.3.2 Ease of implementation of Construction Waste Minimisation factors in Gauteng
Table 4.2 lists the critical waste minimisation factors in Gauteng in terms of Ease of Implementation, ranked 
from most frequent to least frequent as per mean factor rating score. These context-specific factors in 
comparison with the initial conceptual framework (Table 2.2) which indicates the prevalency of factors from 
global literature is comparable for the most part, with a few exceptions. 

The implementation of BIM was found as being very easy to implement in Gauteng and the avoidance of 
frequent and last minute design changes were found to be much more difficult to manage in Gauteng as 
opposed to a global context. This table furthermore indicates that designers being offered bonuses, rewards 
or economic incentives for curbing construction waste during the design stage as well as implementing and 
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enforcing government legislation, taxation (landfill fees) & policies are much harder in a Gauteng region 
context as opposed to the global context.

4.3.3 Exploring relationships between Significance and Ease of Implementation of Factors
Table 4.3 cross-tabulates the ranked criƟ cal factors in Gauteng in terms of Signifi cance as well as Ease of 
implementaƟ on. From this table is evident that certain factors are both highly signifi cant as well as easy to 
implement in Gauteng. These factors will thus be the overall favoured soluƟ ons in Gauteng.
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4.4 Overall Favoured solutions in Gauteng

Graph 4.4: Graph Indicating Mean Factor Ratings of the Overall Favoured Solutions in Gauteng 
(See Table 4.4 as Graph Key)

Graph 4.4 shows the distribuƟ on of waste minimisaƟ on factors according to their mean factor raƟ ng (MFR) 
in terms of the signifi cance and ease of implementaƟ on measures. Those above the higher line are seen as 
being extremely signifi cant or extremely easy to implement in Gauteng. They represent the favoured waste 
minimisaƟ on factors in Gauteng and comprise of those factors most likely to be uƟ lized as part of a context-
specifi c and robust waste minimisaƟ on strategy. Those below the lower line were seen as unimportant or 
negligible and having a lower overall impact. (The generalizaƟ on of these means values are summated in 
Table 3.3 which shows a scoring system for prioriƟ saƟ on of mean values.)

Graph 4.4 thus indicates that the following factors are the overall favoured waste minimisaƟ on factors in 
Gauteng, ranked from the most favoured soluƟ ons to the least favoured soluƟ ons; 
• Designers should make use of standardizaƟ on.
• Designers should specify off -site preparaƟ on, pre-assembly, prefabricaƟ on & precast components.
• Designers should communicate & co-ordinate effi  ciently and eff ecƟ vely with other consultants at the 

design stage.
• Designers should supply adequate informaƟ on on drawings and avoid lacking or incorrect design & 

detailing packages.
• Designers should specify re-usable, reclaimed, salvaged or recycled materials.
• Designers should implement BIM (Building InformaƟ on Modelling) at the design stage. 
• Designers lack knowledge & experience with regards to constructability, materials & material 

specifi caƟ ons. EducaƟ on & training will address this issue.
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4.5 Analysing Respondent Demographics in Conjunction with Findings
The data obtained was analysed in conjunction with demographics to potentially identify sub-groups, if any 
are present. The aim of this was to investigate if there is a correlation between data given by respondents 
and either their role when having worked on green buildings, years of experience working on Green 
Buildings in Gauteng or their level of education.

The following potential sub-groups were investigated:
• Respondents who are in the architectural profession
• Respondents who are in the engineering profession
• Respondents who are sustainability consultants
• Respondents whose highest level of qualification is either a masters or a doctoral degree (Highly 

educated)
• Respondents who has five years or more of experience on Green Buildings in Gauteng (Highly 

experienced on Green Buildings in Gauteng)

4.5.1 The Architectural Profession Sub-group

Graph 4.5: Graph Indicating Mean Factor Ratings as per Architectural Profession Sub-group  (See 
Table 4.4 as Graph Key)

Graph 4.5 indicates that the following factors are the overall favoured waste minimisaƟ on factors by 
the architectural profession in Gauteng, ranked from the most favoured soluƟ ons to the least favoured 
soluƟ ons; 
• Designers should supply adequate informaƟ on on drawings and avoid lacking or incorrect design & 

detailing packages
• Designers should communicate & co-ordinate effi  ciently and eff ecƟ vely with other consultants at the 
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design stage
• Designers should implement BIM (Building InformaƟ on Modelling) at the design stage 
• Designers should make use of environmental impact assessments during the design stage of the scheme 

in order to realize where waste reducƟ on potenƟ als are and how materials can be opƟ mized
• Waste minimisaƟ on clauses should be embedded in contractual clauses. 

The fi rst four factors as idenƟ fi ed solely by the architectural profession sub-group are factors that can 
directly be implemented by this sub-group during the design stage which could be the reason why this sub-
group placed emphasis on these factors. Furthermore, the overall favoured soluƟ ons by the architectural 
profession sub-group are quite diff erent from the overall favoured soluƟ ons in Gauteng. It can thus be 
concluded that the architectural profession is a sub-group within the iniƟ al research target populaƟ on.

4.5.2 The Engineering Profession Sub-group

Graph 4.6: Graph Indicating Mean Factor Ratings as per Engineering Profession Sub-group  (See 
Table 4.4 as Graph Key)

Graph 4.6 indicates that the following factors are the overall favoured waste minimisaƟ on factors by the 
engineering profession in Gauteng, ranked from the most favoured soluƟ ons to the least favoured soluƟ ons; 
• Designers should make use of standardization.
• Designers should specify off-site preparation, pre-assembly, prefabrication & precast components.
• Designers should supply adequate information on drawings and avoid lacking or incorrect design & 

detailing packages.
• Designers should communicate & co-ordinate efficiently and effectively with other consultants at the 

design stage.
• Designers lack knowledge & experience with regards to constructability, materials & material specifica-
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tions.
• Designers should specify re-usable, reclaimed, salvaged or recycled materials.

The above factors as idenƟ fi ed by the engineering profession sub-group are extremely similar to the overall  
favoured soluƟ ons in Gauteng. Similarly to the overall favoured soluƟ ons in Gauteng, this sub-group also 
idenƟ fi ed the implementaƟ on of BIM as being more signifi cant than idenƟ fi ed by the iniƟ al conceptual 
framework in Table 2.2. It can thus be concluded that the engineering profession is not a sub-group within 
the iniƟ al research target populaƟ on.

4.5.3 The Sustainability Consultants Sub-group

Graph 4.7: Graph Indicating Mean Factor Ratings as per Sustainability Consultants Sub-group  
(See Table 4.4 as Graph Key)

Graph 4.7 indicates that the following factors are the overall favoured waste minimisaƟ on factors by the 
sustainability consultants in Gauteng, ranked from the most favoured soluƟ ons to the least favoured 
soluƟ ons; 
• Designers should specify re-usable, reclaimed, salvaged or recycled materials.
• Designers should communicate & co-ordinate effi  ciently and eff ecƟ vely with other consultants at the 

design stage.
• Designers should specify off -site preparaƟ on, pre-assembly, prefabricaƟ on & precast components.
• Designers lack knowledge & experience with regards to constructability, materials & material 

specifi caƟ ons.
• Designers should avoid over-designing as well as complex designs & detailing which result in excessive 

off -cuts.
• Designers should supply adequate informaƟ on on drawings and avoid lacking or incorrect design & 
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detailing packages.

The above factors as idenƟ fi ed solely by the sustainability consultants sub-group are extremely similar to 
the overall  favoured soluƟ ons in Gauteng. Similarly to the overall favoured soluƟ ons in Gauteng as well as 
the engineering profession sub-group, this sub-group also idenƟ fi ed the implementaƟ on of BIM as being 
more signifi cant than idenƟ fi ed by the iniƟ al conceptual framework in Table 2.2. It can thus be concluded 
that the sustainability consultants sub-group is not a sub-group within the iniƟ al research target populaƟ on.

4.5.4 Masters or Doctoral Qualifications Sub-group

Graph 4.8: Graph Indicating Mean Factor Ratings as per Masters or Doctoral Qualifications Sub-
group  (See Table 4.4 as Graph Key)

Graph 4.8 indicates that the following factors are the overall favoured waste minimisaƟ on factors by the 
respondents who hold either a masters or a doctoral degree in Gauteng, ranked from the most favoured 
soluƟ ons to the least favoured soluƟ ons; 
• Designers should supply adequate informaƟ on on drawings and avoid lacking or incorrect design & 

detailing packages.
• Designers should communicate & co-ordinate effi  ciently and eff ecƟ vely with other consultants at the 

design stage.
• Designers should specify off -site preparaƟ on, pre-assembly, prefabricaƟ on & precast components.
• Designers should make use of standardizaƟ on.
• Designers should implement BIM (Building InformaƟ on Modelling) at the design stage. 
• Designers lack knowledge & experience with regards to constructability, materials & material 

specifi caƟ ons.

The above factors as idenƟ fi ed solely by the respondents who hold either a masters or a doctoral 
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degree sub-group are extremely similar to the overall  favoured soluƟ ons in Gauteng. Similarly to the 
overall favoured soluƟ ons in Gauteng as well as the engineering profession sub-group, the sustainability 
consultants sub-group and the masters or doctoral qualifi caƟ on sub-group, this sub-group also idenƟ fi ed 
the implementaƟ on of BIM as being more signifi cant than idenƟ fi ed by the iniƟ al conceptual framework 
in Table 2.2. It can thus be concluded that the respondents who have 5 years or more experience on green 
buildings in Gauteng is not a sub-group within the iniƟ al research target populaƟ on.

4.5.5 Five years or more experience on Green Buildings in Gauteng Sub-group

Graph 4.9: Graph Indicating Mean Factor Ratings as per Five years or more experience on Green 
Buildings in Gauteng Sub-group  (See Table 4.4 as Graph Key)

Graph 4.9 indicates that the following factors are the overall favoured waste minimisaƟ on factors by the 
respondents who have 5 years or more experience on green buildings in Gauteng, ranked from the most 
favoured soluƟ ons to the least favoured soluƟ ons; 
• Designers should specify off -site preparaƟ on, pre-assembly, prefabricaƟ on & precast components.
• Designers should specify re-usable, reclaimed, salvaged or recycled materials.
• Designers should make use of standardizaƟ on.
• Designers should supply adequate informaƟ on on drawings and avoid lacking or incorrect design & 

detailing packages.
• Designers should communicate & co-ordinate effi  ciently and eff ecƟ vely with other consultants at the 

design stage.
• Designers should implement BIM (Building InformaƟ on Modelling) at the design stage. 

The above factors as idenƟ fi ed solely by the respondents who have 5 years or more experience on green 
buildings in Gauteng are extremely similar to the overall  favoured soluƟ ons in Gauteng. Similarly to 
the overall favoured soluƟ ons in Gauteng as well as both the engineering profession and sustainability 
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consultants sub-groups, this sub-group also idenƟ fi ed the implementaƟ on of BIM as being more signifi cant 
than idenƟ fi ed by the iniƟ al conceptual framework in Table 2.2. It can thus be concluded that the 
respondents who hold either a masters or a doctoral qualifi caƟ on sub-group is not a sub-group within the 
iniƟ al research target populaƟ on.

4.6 Additional factors identified by respondents in the questionnaire
The online questionnaire provided respondents an opportunity to list additional factors which will minimise 
construction waste in Gauteng which were not mentioned in the survey. This question was only answered 
by 25 respondents. Of the answers obtained, the following answers were factors outside of the initial 
conceptual framework (Table 2.2): 
• Designers should specify locally manufactured products which allows for easier recycling of potential 

construction waste. Designers should also advise utilizing locally supplied construction equipment. This 
will simultaneously stimulate the Gauteng employment markets. (This factor links to factor 2 in the 
conceptual framework which states that designers lack knowledge with regards to specifications.)

• The government should incorporate operational incentives for minimising waste on construction sites. 
This can include reducing rates & taxes of a property for a set period of time and thus increasing that 
property’s land valuation.  (This factor links to factor 12 in the conceptual framework which states that 
designers should be offered bonuses, rewards or economic incentives for curbing construction waste 
during the design stage.)

• Quantity surveyors should be consulted during the design stage in order to survey construction 
materials and thus to prevent potential construction waste. These consultants will also be able to 
inform the client about potential cost savings. (This factor links to factor 6 in the conceptual framework 
which states that designers should communicate & co-ordinate efficiently and effectively with other 
consultants at the design stage.) One can thus conclude that the effective communication & co-
ordination should not merely be amongst designers, but actually amongst the project team as a whole.

• Designers should avoid the fast-paced design and build construction techniques in Gauteng. It is more 
advisable to sign off smaller, packaged segments of a construction project in order to have better overall 
control of the project which will aid in minimising construction waste.

• Numerous respondents noted that construction should preferably be on brownfield sites as opposed to 
greenfield sites. Designers can thus optimize what is already there and this will potentially result in less 
construction waste. (This study was scoped to investigate greenfield sites only, but future studies may 
investigate brownfield sites’ construction waste minimisation factors.)
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5. CONCLUSIONS & RECOMMENDATIONS
5.1 Conclusions
Although the overall consensus from both global and local literature states that a substantial amount of 
construction waste is as a result of poor or uninformed design decisions during the design stage, there is 
currently a research gap in the current body of knowledge with regards to the effective critical factors that 
will minimise construction waste during the design stage in specifically the Gauteng region context. 

This study’s aim or objective was thus to address the above mentioned research gap from both an academic 
as well as a practical perspective as it has identified effective critical factors that will minimise construction 
waste during the design stage in a Gauteng region context. This was done by analysing both global and 
local literature and thus establishing an initial conceptual framework of twenty-six factors. This conceptual 
framework was further investigated, explored and tested in order to answer the research question by 
means of quantitatively surveying sampled designers in Gauteng in order to determine which of these 
factors were the most contextually significant. This data was analysed and the study ranked the factors 
separately in terms of both significance as well as ease of implementation in order to answer the research 
sub-question which ultimately analyzes both sets of factors in conjunction to determine the overall most 
favoured critical factors in Gauteng. 

The top overall most favoured criƟ cal factors (which are both signifi cant as well as easy to implement) in 
eff ecƟ ve construcƟ on waste minimisaƟ on at the design stage of Gauteng projects are (ranked from the 
most favoured to the least favoured soluƟ ons); designers should make use of standardizaƟ on, designers 
should specify off -site preparaƟ on, pre-assembly, prefabricaƟ on & precast components, designers should 
communicate & co-ordinate effi  ciently and eff ecƟ vely with other consultants at the design stage, designers 
should supply adequate informaƟ on on drawings and avoid lacking or incorrect design & detailing packages, 
designers should specify re-usable, reclaimed, salvaged or recycled materials, designers should implement 
BIM (Building InformaƟ on Modelling) at the design stage and designers lack knowledge & experience with 
regards to constructability, materials & material specifi caƟ ons.

From the above overall contextual fi ndings it is evident that the most eff ecƟ ve soluƟ ons to minimise 
waste during the design stage in Gauteng are those soluƟ ons which seek to develop alliances and working 
relaƟ onships with manufacturers, suppliers, other consultants and recycling companies. The top overall 
favoured factor in Gauteng, namely: designers should make use of standardizaƟ on, will improve the 
buildability for the contractors and will signifi cantly reduce the quanƟ ty of construcƟ on waste material off -
cuts. In conjuncƟ on the above idenƟ fi ed soluƟ ons can pracƟ cally be implemented in order to reduce the 
amount of construcƟ on waste going to landfi lls in Gauteng which in turn will address the social an economic 
consequences of the problem of construcƟ on waste.

Potential sub-groups were explored and investigated in Chapter 4 in order to identify if there is a correlation 
between data obtained from respondents and either their role when having worked on green buildings in 
Gauteng, years of experience working on Green Buildings in Gauteng or their highest level of education. 

The architectural profession was identified as the only sub-group as the data obtained from this group (see 
Graph 4.5) differed vastly from the identified overall favoured waste minimisation solutions in Gauteng (see 
Graph 4.4). The overall favoured soluƟ ons as idenƟ fi ed solely by the architectural profession sub-group are 
factors that can directly be implemented by this sub-group during the design stage which could potenƟ ally 
be the reason why this sub-group placed emphasis on these factors. These factors include supplying 
adequate informaƟ on on drawings, avoiding lacking or incorrect design and detailing packages and 
communicaƟ ng and co-ordinaƟ ng effi  ciently and eff ecƟ vely with other consultants during the design stage. 
The architectural profession sub-group is also the only group who highly values the use of environmental 
impact assessments during the design stage of the scheme in order to realize where waste reducƟ on 
potenƟ als are and how materials can be opƟ mized. 

The largest deviaƟ on of the overall favoured waste minimisaƟ on soluƟ ons in Gauteng in comparison to 
the iniƟ al conceptual framework (Table 2.2) is that the majority of the Gauteng region’s respondents 
(including all potenƟ al sub-groups invesƟ gated) placed great value on the implementaƟ on of BIM (Building 
InformaƟ on Modelling) at the design stage in Gauteng. It is thus evident that the industry sees this 
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technological advancement as being imperaƟ ve to construcƟ on waste minimisaƟ on during the design stage. 
It is also important to note that it is possible that this factor was not prevalent in the iniƟ al conceptual 
framework as the literature sources may not be as current as industry pracƟ ces, especially seeing as 
technology is constantly and rapidly evolving.

Furthermore, majority of respondents within the whole research target populaƟ on concluded that 
facilitaƟ ng for construcƟ on to be executed with ease during adverse weather condiƟ ons is generally a lower 
favoured or low impact soluƟ on in terms of waste minimisaƟ on.

The ranked criƟ cal factors idenƟ fi ed in this study was discussed in the literature review in Chapter 2 in 
terms of their inter-relaƟ onships, inter-dependencies as well as their potenƟ al advantages and drawbacks. 
This knowledge in conjuncƟ on with the overall research fi ndings as discussed above should be uƟ lized 
by construcƟ on stakeholders in order to make decisions between the vast array of construcƟ on waste 
minimisaƟ on opƟ ons available. This will in essence ensure a sustainable waste management procedure in 
Gauteng and will thus promote the ideal of zero waste generaƟ on buildings in South Africa.

Research LimitaƟ ons experienced
The limitations experienced during this study include the current limited literature on construction waste 
minimisation practices in Gauteng. The international body of knowledge was thus surveyed in-depth and 
correlations to Gauteng were investigated. Another limitation experienced was the initial low response rate 
by respondents which in turn was mitigated by means of sending out two reminder e-mails which ultimately 
brought up the number of valid responses received.

5.2 Recommendations
The ranked factors and overall contextual waste minimisaƟ on soluƟ ons idenƟ fi ed in this study serve as a 
valuable reference for the Gauteng Provincial Government as the factors can be utilized in order to drive 
provincial construction waste regulations and to thus eventually drive national reform. Local municipaliƟ es 
(iniƟ ally Gauteng municipaliƟ es only, but eventually all naƟ onal municipaliƟ es) should ideally enforce these 
criƟ cal factors by means of incorporaƟ ng the factors as a separate category of applicaƟ on for building plan 
approvals. Furthermore, municipaliƟ es can enforce the submiƩ al of a 3D (three-dimensional) building 
informaƟ on model which explores and showcases where waste reducƟ on potenƟ als are and how these 
potenƟ als are uƟ lized in order to both minimise waste and thus save costs to the client.

The main concern to be overcome by designers in Gauteng is the widely held misconcepƟ on that 
construcƟ on waste is inevitable on construcƟ on projects. This misconcepƟ on can be overcome by 
embedding the importance of waste minimisaƟ on as a key performance criterion throughout the supply 
chain of the project as a whole.

5.3 Unanswered questions beyond the scope of this study
This research report explored the significance as well as the ease of implementation of critical waste 
minimisation factors in Gauteng. It is important to note that this study did not investigate the Value For 
Money (VFM) or Cost & Benefit Analysis (CBA) notion of these identified factors. This unanswered question 
was identified as respondents stated that not all waste minimisation factors will be viable to implement 
on all projects Gauteng. A working example of this will include if off-site preparation & prefabrication 
workshops are logistically located very far away from the construction site, the petrol of the vehicles (and 
its adverse environmental effects) as well as the time spent in terms of transportation will not necessarily 
outweigh the potential waste minimisation benefits.

Another unanswered question beyond the scope of this study may include how different architectural 
building typologies (physical classification) will benefit more from certain factors than from others. It may 
be more appropriate to make use of prefabrication and precasting processes for rural low-cost housing in 
Gauteng than it would be for a church in a dense urban environment. This is due to low-cost housing being 
repetitive in nature and often needs to be constructed within a very strict time-frame whereas a church 
building may require more unique architectural and spatial components within a lesser strict time-frame. 
With this in mind, it is important to note that there are indeed underlying and holistic principles of effective 
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waste management and waste minimisation which this study has identified contextually.

5.4 Areas for future study
Future studies can include exploring critical factors that will reduce construction waste minimisation 
during either the procurement or the construction phase. Studies can also explore construction waste 
minimisation factors on renovation or alteration construction projects (brownfield sites) as opposed to 
merely exploring greenfield sites. Furthermore; conducting studies from various stakeholders’ perspective 
might be informative as to address barriers and misconceptions currently in the industry. 

The conceptual framework within this study can also be transferred and replicated in order to test its 
significance in other contexts. This can include global as well as local contexts. In South Africa, this 
specifically includes the other large metropolitan areas like Cape Town and Durban as these areas are also 
undergoing rapid expansion and urbanization.
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APPENDIX A 

References of Factors as Identified in Table 2.2

For ease of reference, the factors are listed hereunder in the same order as they are found in Table 2.2 
above (from most to least prevalent):

1. Designers should make use of standardization (standard dimensions, units & structural grids) & 
modularization in design components (Baldwin, Poon et al., 2009: 2072; Coventry & Guthrie, 1998: 14; 
Dainty & Brooke, 2004: 23; Domingo, Osmani & Price, 2009: 1025; Ekanayake & Ofori, 2004: 855; Esin 
& Cosgun, 2007: 1673; Keys, Baldwin & Austin, 2000: 8; Kharuffa, 2007: 2058; Lingard, Graham et al., 
1997: 205;  Osmani, Glass & Price, 2008: 1150, 1151; Othman, 2011: 335; Poon, 2007: 1715; Rajput et 
al., 2012: 71; Saez et al., 2013: 54, 55; Sutrisna, 2012: 135; WRAP, 2009: 23; Wang, Li & Tam, 2014: 5; 
Yates, 2013: 289, 291, 294; Yuan, 2013b: 478).

2. Designers lack knowledge & experience with regards to constructability, materials & material 
specifications. Ambiguous, wrong, complex, over and under specification result in excessive material 
off-cuts, maintenance rework & variations. Design management, offering education & training might 
all be a viable solutions (Al-Hajj & Hamani, 2011: 221, 223, 228, 230;  Begum et al., 2007: 195, 196; 
Coventry & Guthrie, 1998: 12, 13; Dainty & Brooke, 2004: 21-23; Domingo, Osmani & Price, 2009: 1026; 
Ekanayake & Ofori, 2004: 855; Esin & Cosgun, 2007; Gauteng Provincial Government, 2009: 34; Keys, 
Baldwin & Austin, 2000;  Lingard, Graham et al., 1997: 205; Lu & Yuan, 2010: 204;  Nagapan et al., 2012; 
Oladiran, 2009: 168; Osmani, Glass & Price, 2008: 1149, 1151; Osmani, 2012: 38, 39; Othman, 2011: 
335, 336, 340; Poon, 2007;  Yeheyis et al., 2013: 86).

3. Designers should specify off-site preparation, pre-assembly, prefabrication & precast components (i.e.; 
specify precast industrialized concrete components as opposed to wet works) (Al-Hajj & Hamani, 2011: 
224; Baldwin, Poon et al., 2009: 2067; Begum et al., 2007: 200; Coventry & Guthrie, 1998: 12, 14; Dainty 
& Brooke, 2004: 24; Domingo, Osmani & Price, 2009: 1027; Keys, Baldwin & Austin, 2000: 8; Lu & Yuan, 
2010: 202; Osmani, Glass & Price, 2008: 1150, 1151; Othman, 2011: 336; Poon, 2007: 1715; Saez et 
al., 2013: 54, 55; Sutrisna, 2012: 135; WRAP, 2009: 20; Wang, Li & Tam, 2014: 5; Yates, 2013: 291, 296; 
Yuan, 2013a: 103, 104; Yuan, 2013b: 477).

4. Designers should avoid frequent & last minute design changes, especially during construction phase 
(Adjei-Kumi & Zoya, 2011: 103; Baldwin, Poon et al., 2009: 2068;  Dainty & Brooke, 2004: 22; Domingo, 
Osmani & Price, 2009: 1026; Ekanayake & Ofori, 2004: 855; Keys, Baldwin & Austin, 2000; Lingard, 
Graham et al., 1997: 204; Lu & Yuan, 2010: 204, 208; Nagapan et al., 2012: 4-6; Osmani, Glass & Price, 
2008: 1149; Osmani, 2012: 38, 39; Poon, 2007: 1715; Saez et al., 2013: 54; Sutrisna, 2012: 148; Wang, Li 
& Tam, 2014: 5; Yeheyis et al., 2013: 86; Yuan, 2013a: 103; Yuan, 2013b: 477, 482).

5. Designers should specify re-usable, reclaimed, salvaged or recycled materials (i.e.; recycled aggregates. 
In South Africa this can specifically refer to adding flyash (a cheap waste product of smelting plants) to 
the concrete to reduce the amount of OPC (Ordinary Portland Cement) used) (Al-Hajj & Hamani, 2011: 
224, 232; Begum et al., 2007: 201; Coventry & Guthrie, 1998: 12; Gauteng Provincial Government, 
2009: 34; Guthrie et al., 1997: 7; Keys, Baldwin & Austin, 2000: 8; Kharuffa, 2007: 2058; Lingard, 
Graham et al., 1997: 205; Lu & Yuan, 2010: 202; Milne, 2012: 20, 39; Osmani, Glass & Price, 2008: 1150; 
Othman, 2011: 338; Saez et al., 2013: 54, 55; Sutrisna, 2012: 135; Yates, 2013: 288, 294, 293; Yeheyis et 
al., 2013; Yuan, 2013b).

6. Designers should communicate & co-ordinate efficiently and effectively with other consultants at the 
design stage. This includes dimensional co-ordination, optimization & co-ordinating with contractors. 
This particularly involves team problem-solving (Adjei-Kumi & Zoya, 2011: 103, 110; Baldwin, Poon et 
al., 2009: 2072; Domingo, Osmani & Price, 2009: 1026, 1029; Keys, Baldwin & Austin, 2000: 8; Lu & 
Yuan, 2010: 206; Nagapan et al., 2012: 5; Osmani, Glass & Price, 2008: 1149; Osmani, 2012: 38, 39; 
Othman, 2011: 335, 339, 346; Poon, 2007; Saez et al., 2013; Sutrisna, 2012: 148; WRAP, 2009).
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7. Designers should supply adequate information on drawings and avoid lacking or incorrect design & 
detailing packages (Adjei-Kumi & Zoya, 2011: 103, 105; Coventry & Guthrie, 1998: 13; Dainty & Brooke, 
2004: 21, 22; Domingo, Osmani & Price, 2009: 1026; Keys, Baldwin & Austin, 2000: 9; Lingard, Graham 
et al., 1997: 204; Nagapan et al., 2012: 5; Osmani, Glass & Price, 2008: 1149; Othman, 2011: 335; Poon, 
2007: 1715; Sutrisna, 2012: 148; Yeheyis et al., 2013: 86).

8. Designers should design for future deconstruction & disassembly (Make use of life cycle assessments 
of materials; i.e.; although solid bricks are more expensive than perforated bricks, solid bricks have a 
higher chance of being re-used in the future. Minimise types and numbers of fasteners & connectors 
to ease future re-use) (Coventry & Guthrie, 1998: 12; Domingo, Osmani & Price, 2009: 1027; Esin 
& Cosgun, 2007: 1673; Gauteng Provincial Government, 2009: 34; Keys, Baldwin & Austin, 2000: 8; 
Kharuffa, 2007: 2053, 2058, 2059; Osmani, Glass & Price, 2008: 1150, 1151; Othman, 2011: 338; Saez et 
al., 2013: 54, 55;  WRAP, 2009: 18, 27; Yates, 2013: 289).

9. Designers should avoid over-designing as well as complex designs & detailing which result in excessive 
off-cuts (Coventry & Guthrie, 1998: 17; Domingo, Osmani & Price, 2009: 1026; Ekanayake & Ofori, 
2004: 855; Keys, Baldwin & Austin, 2000: 8; Lingard, Graham et al., 1997: 205;  Nagapan et al., 2012: 5; 
Osmani, Glass & Price, 2008: 1149, 1150; Osmani, 2012: 38, 39; Othman, 2011: 336; Yates, 2013).

10. Designers should implement an organizational culture to waste in their businesses. This can for instance 
include a waste management report developed during the design stage which will be implemented by 
the contractor on site during construction. This can also include investing in waste sorting equipment 
and waste management staff (Dainty & Brooke, 2004: 23; Kharuffa, 2007: 2058; Milne, 2012: 25;  
Othman, 2011: 346; Rajput et al., 2012: 77; Saez et al., 2013: 52, 55; Wang, Li & Tam, 2014: 5; Yeheyis et 
al., 2014: 86;  Yuan, 2013b: 477, 482).

11. Designers should avoid late drawing revisions & submittals which result in over-ordering of materials 
due to lack of information & time pressures on site (Adjei-Kumi & Zoya, 2011: 103; Domingo, Osmani 
& Price, 2009: 1026; Nagapan et al., 2012: 5; Oladiran, 2009: 168; Osmani, Glass & Price, 2008: 1149, 
1150; Osmani, 2012; Poon, 2007).

12. Designers should be offered bonuses, rewards or economic incentives for curbing construction waste 
during the design stage (Begum, Coventry & Guthrie, 1998: 14; Kharuffa, 2007: 2061; Siwar et al., 2007: 
196; Sutrisna, 2012: 135; Wang, Li & Tam, 2014: 5; Yeheyis et al., 2013: 81; Yuan, 2013b: 477).

13. Designers should adopt low-waste modern technologies & systems (i.e.; innovative formwork & 
falsework (use large panel metal formworks), steel structures & drywalls, minimise use of temporary 
works) (Domingo, Osmani & Price, 2009: 1027; Lu & Yuan, 2010: 204, 206 & 208; Othman, 2011: 337; 
Poon, 2007: 1715; Wang, Li & Tam, 2014: 5; Yuan, 2013b: 477, 482).

14. Government legislation, taxation (landfill fees) & policies are lacking or compliance thereto is not 
enforced. If this was adequate landfilling & incineration of waste may be reduced (Al-Hajj & Hamani, 
2011: 230; Esin & Cosgun, 2007: 1673; Osmani, 2012: 40; Yeheyis et al., 2014: 81; Yuan, 2013a: 102; 
Yuan, 2013b: 477, 482).

15. Designers should receive complete, unambiguous briefings & contract documentation from the client 
at the design stage (Adjei-Kumi & Zoya, 2011: 103; Domingo, Osmani & Price, 2009: 1026; Ekanayake & 
Ofori, 2004: 855; Nagapan et al., 2012: 5; Yeheyis et al., 2013: 86).

16. Designers lack experience & knowledge with regards to method & sequence of construction which leads 
to alterations of work (Adjei-Kumi & Zoya, 2011: 103, 111; Ekanayake & Ofori, 2004: 855;  Nagapan et 
al., 2012: 5; Osmani, Glass & Price, 2008: 1149; Rajput et al., 2012: 71).

17. Waste minimisation clauses should be embedded in contractual clauses. Alternatively; building approval 
departments can establish waste minimisation conditions in order for plans to be approved prior to 
construction (Dainty & Brooke, 2004: 23; Domingo, Osmani & Price, 2009: 1026; Gauteng Provincial 
Government, 2009: 34;  Sutrisna, 2012: 148; WRAP, 2009: 24).
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18. Designers should make use of adaptable & flexible project designs (Domingo, Osmani & Price, 2009: 
1027; Milne, 2012: 131;  WRAP, 2009; Yuan, 2013a: 104).

19. Designers should plan for soil remains (cut & fills) to be used in the same construction site or negotiate 
with neighbouring sites (Guthrie et al., 1997: 22, 32; Saez et al., 2013: 55; Sutrisna, 2012: 148).

20. Designers should provide for an adequate space on the construction site where waste quantification, 
storing and sorting can take place (Saez et al., 2013; Sutrisna, 2012: 149; Yuan, 2013b: 477, 482).

21. Designers should design space to be adequate & functional in order to prevent future alterations which 
result in waste (Esin & Cosgun, 2007: 1673; Guthrie et al., 1997).

22. Designers should design in aid of minimizing temporary works (Coventry & Guthrie, 1998: 12; Keys, 
Baldwin & Austin, 2000).

23. Designers should implement BIM (Building Information Modelling) at the design stage. This will aid in 
virtually planning for construction materials in order to avoid, prevent or minimise waste (Sutrisna, 
2012: 149; Yeheyis et al., 2014: 86).

24. Designers should take into account the accessibility of construction personnel on site (Othman, 2011: 
336). This will allow labour workers adequate space in order to execute construction work adequately 
without the chance of rework which will result in construction waste.

25. Designers should facilitate for construction to be executed with ease during adverse weather conditions 
(Othman, 2011: 336).

26. Designers should make use of EIAs (Environmental impact assessments) during the design stage of the 
scheme in order to realize where waste reduction potentials are and how materials can be optimized 
(Dainty & Brooke, 2004: 24).
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APPENDIX B

Introductory Letter in E-mail

Dear Colleague

I am conducting research regarding Construction Waste minimisation at the design stage of construction 
projects in Gauteng. Please spend 15 minutes of your time to complete the online survey questionnaire by 
clicking on the link below.

The questionnaire consists mainly of ranking factors that will minimise construction waste during the design 
phase.

I assure you that all data collected in this survey will be kept anonymous. Data will only be presented in 
a processed and anonymous format. Demographic data collected will only be used for the purposes of 
identifying subgroups (if needed) and will not be used to identify individuals.

Please click on the link to participate in the survey: (insert link)

Kind regards

Anine Eschberger Wortmann
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Introductory Letter in E-mail (Reminder)

Please note that this is a reminder. If you have already completed the online survey we appreciate it and 
apologise for the inconvenience. The use of an intermediary survey software to assist in assuring anonymity 
means that I cannot resend to only those respondents who have not yet completed the survey.

Dear Colleague

I am conducting research regarding Construction Waste minimisation at the design stage of construction 
projects in Gauteng. Please spend 15 minutes of your time to complete the online survey questionnaire by 
clicking on the link below.

The questionnaire consists mainly of ranking factors that will minimise construction waste during the design 
phase.

I assure you that all data collected in this survey will be kept anonymous. Data will only be presented in 
a processed and anonymous format. Demographic data collected will only be used for the purposes of 
identifying subgroups (if needed) and will not be used to identify individuals.

Please click on the link to participate in the survey: (insert link)

Kind regards

Anine Eschberger Wortmann
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Online Questionnaire Survey

Yes

No

Yes

No

Yes

No

Architect

Architectural Technologist

Architectural Draughtsman

Structural Engineer

Structural Technologist

Structural Draughtsman

Sustainability Consultant (advise other professions in the built environment)

Block 01 - Demographics

1. Dear Colleague

I am busy conducting research regarding Construction Waste. We are all aware that this is an increasing problem and
that there are certain factors that can be implemented to either reduce or avoid Construction Waste. As part of this study I
will be exploring critical factors in effective physical construction waste minimisation at the design phase of construction
projects in Gauteng. These factors will also be explored in terms of ease of implementation.

You have been selected due to your knowledge with regards to green buildings in Gauteng.

I assure you that all data collected in this survey will be kept confidential and that the data will be kept securely. Data will
only be presented in a processed and an anonymous format. Demographic data will only be utilized for the purpose of
identifying different research subgroups (if needed) and will not be used in any way to identify individuals.

I appreciate your time. The research report emanating from this part of the study will be available at the end of the
academic year and a follow-up e-mail with the online link to the report will be sent once the final thesis document is
available on the University's website.

By completing & submitting this questionnaire, your participation in the research is assumed.

I hereby declare that any data collected will not be used for commercial purposes in which I may have a competitive
advantage due to information collected.

Thank you

For any queries contact:

Anine Eschberger Wortmann
0701162P@students.wits.ac.za

Q1.1. I, the respondent in this questionnaire, hereby give approved consent that data I provide may be used in this study.
Note: All responses are anonymous.

Q1.2. Have you attempted to minimise Construction Waste during the design stage of greenfield (undeveloped) projects
in Gauteng?

Q1.3. Have these projects (in which you have attempted to minimise Construcion Waste in Gauteng) received Green
Building Council of South Africa accreditation?

Q1.4. Which of the following best suits your role when having been in involved with Green Buildings in Gauteng?
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Less than a year

1-2 Years

2-3 Years

3-4 Years

4-5 Years

5 Years or more

Secondary (High School)

Tertiary Certificate

National Diploma

Bachelor's Degree

Honours Degree

Masters Degree

Doctoral Degree

Q1.5. How many years of experience do you currently have with regards to working on Green Buildings in Gauteng?

Q1.6. Which of the following best suits your current level of education?

Block 02 - Factors

2. Please rank the following Construction Waste Minimisation factors in terms of Significance & Ease of Implementation
in a Gauteng region

Q2.1. Designers should make use of standardization (standard dimensions, units & structural grids) & modularization in
design components.

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.2. Designers lack knowledge & experience with regards to constructability, materials & material specifications.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.3. Designers should specify off-site preparation, pre-assembly, prefabrication & precast components
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   
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Q2.4. Designers should avoid frequent & last minute design changes, especially during construction phase.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.5. Designers should specify re-usable, reclaimed, salvaged or recycled materials
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.6. Designers should communicate & co-ordinate efficiently and effectively with other consultants at the design stage
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.7. Designers should supply adequate information on drawings and avoid lacking or incorrect design & detailing
packages

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.8. Designers should design for future deconstruction & disassembly
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.9. Designers should avoid over-designing as well as complex designs & detailing which result in excessive off-cuts.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   
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Q2.10. Designers should implement an organizational culture to waste in their businesses. This can for instance include a
waste management report developed during the design stage which will be implemented by the contractor on site during
construction.

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.11. Designers should avoid late drawing revisions & submittals which result in over-ordering of materials
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.12. Designers should be offered bonuses, rewards or economic incentives for curbing construction waste
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.13. Designers should adopt low-waste modern technologies & systems
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.14. Government legislation, taxation (landfill fees) & policies are lacking or compliance thereto is not enforced
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.15. Designers should receive complete, unambiguous briefings & contract documentation from the client at the design
stage

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   
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Q2.16. Designers lack experience & knowledge with regards to method & sequence of construction
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.17. Waste minimisation clauses should be embedded in contractual clauses.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.18. Designers should make use of adaptable & flexible project designs.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.19. Designers should plan for soil remains (cut & fills) to be used in the same construction site or negotiate with
neighbouring sites.

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.20. Designers should provide for an adequate space on the construction site where waste quantification, storing and
sorting can take place.

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.21. Designers should design space to be adequate & functional in order to prevent future alterations which result in
waste.

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   
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Q2.22. Designers should design in aid of minimizing temporary works.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.23. Designers should implement BIM (Building Information Modelling) at the design stage.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.24. Designers should take into account the accessibility of construction personnel on site.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.25. Designers should facilitate for construction to be executed with ease during adverse weather conditions.
Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Q2.26. Designers should make use of EIAs (Environmental impact assessments) during the design stage of the scheme
in order to realize where waste reduction potentials are and how materials can be optimized.

Extremely
Significant
or Easy to
Implement

Important
or Easy to
Implement Neutral

Unimportant
or Difficult

to
Implement

Negligible
or

Impossible

Significance in Gauteng   

Ease of Implementation in Gauteng   

Block 03 - Additional Factors

Q3. Please list any other factors that will minimise construction waste during the design stage in the Gauteng region
which are not listed above.

Block 04 - Thank you

4. Thank you for participating in this survey - it is appreciated!

For any queries or further information, please contact:
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Anine Eschberger Wortmann
0701162P@students.wits.ac.za
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APPENDIX C

Previous study’s data analysis methods - Calculating means of Likert Scale data - Precedent 01

Table 6.1: Dainty, A.R.J & Brooke, R.J., 2004. Assessment of Waste management measures 
identified. 
In: Dainty, A.R.J. & Brooke, R.J., 2004. Towards improved construcƟ on waste minimisaƟ on: a need for 
improved supply chain integraƟ on? Structural Survey, [e-journal] 22(1)(20-29). 
Available through: University of the Witwatersrand Library Website <hƩ p://www.wits.ac.za/library> 
[Accessed 13 March 2014]
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Table 6.2: Wang, J., Li, Z. and Tam, V.W.Y., 2014. Survey results on mean importance ratings and 
hypothesis testing. 
In: Wang, J., Li, Z. and Tam, V.W.Y., 2014. CriƟ cal factors in eff ecƟ ve construcƟ on waste minimizaƟ on at the  
design stage: A Shenzhen case study, China. Resources, ConservaƟ on and Recycling, [e-journal] 
82(1-7). Available through: University of the Witwatersrand Library Website <hƩ p://www.wits.ac.za/library> 
[Accessed  31 January 2014]

Previous study’s data analysis methods - Calculating means of Likert Scale data - Precedent 02


