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Abstract. The issue regarding sustainability has emerged significantly in
the construction industry. The appealing concept and the future benefits of
sustainability have enamoured people to implement this notion
progressively. This situation resulted in a trend in the architectural and
engineering world. The Gold Coast city, which is located in the southeast
of the Australian state of Queensland, is one of the world leading examples
in which a government has put a green legacy as the concern in its
development. One of the implementations of its sustainability concept is
described in its waste management. This study explores the waste
management in Gold Coast city in three stages of the project life cycle
(PLC): design, construction, and operation. The cost-benefit analysis in
qualitative and quantitative approach will be employed to provide the
explanation of cost reduction that is achieved by the implementation of
specific actions. However, the result of this study shows that the
implementation of waste management does not only benefit in cost, but
also many other aspects such as energy, built-environment, diversity,
carbon critical design, and community lifestyle. This exploration can be the
reference to the best practice of sustainability concept implementation in
waste management.

1 Introduction
Sustainability emerges as a significant issue in the worldwide construction industry. Many
foremost developers and contractor and consultant companies make remarkable movements
in sustainability and innovation [1, 2]. Some noteworthy results are BedZED and Masdar
City. The appealing concept and future benefits of sustainability have enamoured people to
implement this concept progressively. This movement has made sustainability emerge as a
trend in the architectural and engineering (AEC) world [3]. This paper will discuss the
sustainability concept that is implemented in the waste management during the life cycle of
a project from its construction phase to operation and maintenance phase.
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This paper’s purpose is to explore the particular actions in the waste management that
will be performed to reduce carbon emission. This paper explores the key factors of
uncertainty, the identification of some specific actions that can be implemented, and
generates simple cost-benefit analysis (CBA). This paper also relates the performance
benchmarking based on the Australian certification system, Green Star. Furthermore, the
relation with the other sustainability key elements will also be explored in this paper.
The general approach of waste management is by reducing and recycling waste.
However, in this case, the approach is expanded to also optimise the utilisation of waste to
acquire benefits for society. The waste management will also be integrated with the existing
system in Gold Coast city. The significant source of uncertainty during the construction
process is the technique and methods which are used in construction. While in the longer
term, the more prominent factors in waste management come from the number of occupants
and their behaviour. The different origin and background of the residents will affect their
lifestyle, behaviour and the amount of waste produced.

2 Specific actions and cost benefit analysis
Waste is a distinctive sector which carries the potential to be a greenhouse gas (GHG)
emissions’ major saver. The prevention and the restoration of waste, such as waste disposal
and treatment, can avoid emissions in all other economic sectors [4]. The lifestyle, such as
the selection of things we use and the way we dispose of them may also compose a
significant difference in the total amount of waste and greenhouse gas produced [5].
2.1 Specific actions
Every action of waste management undertaken yield greenhouse gas, both directly (e.g.
emissions generated from the process of recycling) and indirectly (i.e. over energy
consumption) [4]. The specific actions in this paper will be divided into three: during
design, construction phase, and operation.
2.1.1 During design
Sustainability principle must be considered and implemented from the beginning. During
the design stage, there are five strategies that can be implemented. To avoid waste
production in the construction field [6, 7], the first action is to optimise the usage of
prefabricated components. Prefabricated components have benefits in the efficiency of
human resources, effective working, and the optimisation of time. Th second strategy is to
set the materials standardisation. The materials standardisation can minimise the potency of
error and fault in material type and size during construction. Thirdly, specific action
conducted during the design process is the consideration of a material’s efficiency. The
design must have considered the type of materials and its size from the beginning of the
project to support the sustainability in the future. In line with the Queensland Forward
Procurement Plan [8] to select innovative suppliers that embrace the sustainable platform in
Queensland, the fourth action is to procure suppliers that use eco-friendly packaging and
manage package collection after delivery. This way is conducted to minimise waste during
the construction process, as well as a commitment to support the environment. The last
strategy in this stage is to create a plan of the waste flow and the disposal area, hence the
waste flow is clearly identified and makes it easier to be done [9].
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2.1.2 Construction period
There are five specific actions during the construction period. First, to promote waste
avoidance and reduction habit to the workers. The advantage of waste avoidance far
outweighs any other waste treatment, even in which energy is recovered during the practice
[4]. Secondly, optimise regular waste collection service to the landfill disposal and
recycling centre. This service already exists in Gold Coast, known as Reedy Creek
Commercial Landfill, thus the routine waste collection schedule can be followed [10].
Reedy Creek Commercial Landfill also accepts construction waste such as concrete, metals,
and so on. Furthermore, this landfill is developed and integrated with the Reedy Creek
Recycling Centre and the Reedy Creek Recycle Market [11].
The third is minimising storage needed by ‘just in time’ materials scheduling. This
strategy also evades the possibility of materials and tools’ destruction when in storage.
Fourth, reuse excavated soil for heaps, or also known as cut & fill. Ultimately, the last
strategy in this phase is to use top soil and foundation excavation for grass lawns. Since the
green space is one of the points in establishing a sustainable environment [9], there will be
a need of soil for grass lawns. This need will be fulfilled by using the uncontaminated top
soil and soil from foundation excavation.
2.1.3 Operation period
The action plans are linked to the research of the recent existing situation in Gold Coast.
The action plans will be integrated with the current situation, services, and policy in this
area. Gold Coast itself is already well-developed in term of waste management. There is a
regular collection of trash from house to house and from apartments [6]. There is also an
existing drop-off service in which the resident can bring their waste by their car and drop it
off at the drop-off points [12]. There is also an online waste service, in which residents can
book a waste collection service online, replace lost or stolen bins, report a missed bin
collection, and so forth [12].
The second specific action is following domestic waste management plan. In Gold
Coast, the system of waste separation is divided into three categories: general waste (red or
dark green lid), recycling (yellow lid), and optional green waste (lime green lid) [10]. The
third action is the initiative use of waste as fertiliser and electricity (Biomass) [13, 14] .
This action is also a form of support to the other key elements in sustainability which are
diversity and eco-friendly energy production. The last action is to promote waste avoidance
(reduce), re-use, and recycling behaviour to the community [15]. These actions are in line
with the local government resolution called Solid Waste Strategy 2024 [13].
2.2 Cost benefit analysis
The cost-benefit analysis will be conducted in two approaches; qualitative and quantitative
analysis. This part provides the explanation of cost reduction achieved by the
implementation of specific actions.
2.2.1 Qualitative analysis
This approach shows the analysis of benefits qualitatively from implementing the specific
actions. The costs and benefits are identified qualitatively by applying a rating system. The
rating system will be valued with a 1-5 scale, in which one means no significant impact,
and five is rated for an action which gives the most significant impact. The specific action
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will be considered as beneficial if the result of the cost-benefit ratio is more than one. The
detail is presented in Table 3.1 below.
Table 1. Qualitative analysis.
Specific
Actions
Optimisation of
the
prefabricated
components
Materials
standardisation
Material
efficiency
consideration
Procuring
suppliers with
eco-friendly
packaging and
packages
collection
facility
Creating a plan
for the flow of
the waste and
the disposal
area
Promote
avoiding and
reducing waste
habit to the
workers
Routine waste
collection
service to the
landfill and
recycling
centre
Minimising
storage needed
by ‘just in
time’ materials
scheduling

Cut & Fill

Benefits
Waste
avoidance,
efficiency in
work and
resources
Less potency
of error and
waste
Waste
avoidance,
carbon
emission
reduction

Benefits’
Costs
Rating
During Design

Costs’
Rating

Benefit/Cost
Ratio

3

No significant
cost

1

3

2

No significant
cost

1

2

4

No significant
cost

1

4

Carbon
emission
reduction

3

A bit more
expensive
than the other
conventional
suppliers

2

1,5

Better waste
arrangement

3

No significant
cost

1

3

Waste
avoidance,
carbon
emission
reduction

Construction Period
3

No significant
cost

1

3

Better waste
arrangement

5

Regular waste
collection cost

3

1,7

Waste
avoidance

3

No significant
cost

1

3

Carbon
emission
reduction,
efficiency in
work and
resources

2

No significant
cost

1

2
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Specific
Actions
Use top soil
and foundation
excavation for
grass lawn
Waste
collection &
recycling
service
Domestic
waste
management
plan
Initiative use of
waste as
fertiliser and
electricity
(Biomass)
Promote waste
avoidance,
reuse, and
recycling
behaviour to
the community

Benefits
Carbon
emission
reduction,
efficiency in
work and
resources
Better waste
arrangement
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Benefits’
Rating

Costs

Costs’
Rating

Benefit/Cost
Ratio

2

No significant
cost

1

2

Operation Period
4

Regular waste
collection cost

2

2

4

3

1,3

Economic
benefit,
support
diversity,
long-term
investment in
energy

Installation
cost,
maintenance
cost

5

Installation
cost,
maintenance
cost

3

1,7

Waste
avoidance,
carbon
emission
reduction

5

No significant
cost

1

5

Better waste
arrangement

2.2.2 Quantitative analysis
The construction industry contributes a significant amount of waste and carbon emission to
the world. Waste management in the construction phase can be one of the problem’s
solutions in this case. In addition, waste management is not only beneficial for the
environment, but it can also contribute to the cost reduction in the construction projects
[16]. By using WRAP’s Net Waste Tool, the table below shows the result of the analysis of
cost and benefit values. This analysis also calculates the investment cost for specific actions
taken in the operation stage.
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Table 2. Cost for waste management investment.
Investment for Waste
Management
Site Waste Management Plan
(SWMP)

Costs

Sources

£1,640
(for £13.5m construction value)

[16]

Logistics management on site

£1,080
(for £13.5m construction value)

[16]

Training and socialisation

£1,530
(for £13.5m construction value)

[16]

Regular waste collection
during construction

AU$96.90 or £58.63 per tonne

[10]
[17]

Regular waste collection
during operation

AU$24.40 or £14.76 per year

[10]
[17]

Installation and maintenance
cost of fertiliser processing

£20

Estimated cost

Installation and maintenance
cost of biomass

AU$430,000 or £260,182.62
per 1MW

[18]
[17]

£264,549.89

Calculation

Total cost for waste
management investment

Table 3. Benefits gained by waste management implementation.
Improvement
Percentage of
£13.5m
Construction Value

Baseline

Target

Estimated
Value (£)

Value of materials wasted

£499,705

£241,515

£258,190

1.91 %

Cost of waste disposal

£99,661

£49,246

£50,415

0.37 %

Total benefits saved

£599,366

£290,761

£308,605

2.28 %

Aspect

Table 4. Benefits gained by waste management implementation.
Total cost for waste management investment
Total benefits gained by waste management implementation
Total benefits of £13.5m construction value

£264,549.89
£308,606
£44,036.11

3 Benchmarking
The commitment of Gold Coast City has set environment and sustainability standards
throughout the planning and delivery lifecycle as a target. The benchmarks commonly used
are sustainability standard and client/user satisfaction. For the sustainability, the
benchmarking system used is the Green Star, whilst the benchmark of client/user
satisfaction is defined through surveys and feedbacks.
Green Star is an Australian certification system that is a very well-established rating
system. Most new commercial buildings aim for a 5-star Green Star rating [19]. There are
six levels of performance in this system which rank from minimum practice (1 star),
average practice (2 star), good practice (3 star), best practice (4 star), Australian excellence
(5 star), and world leadership (6 star) [20].
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There are two important credit points that are put on the concern. First is construction
and demolition waste credit which is rewarded to a project which practices the minimum
amount of construction and demolition waste that is disposed to landfill. The most
impressive project so far which has achieved 6 Star Green Star is Frasers Property
Australia’s new Perth office which has successfully managed to only sent 0.35 kg per m2
construction and demolition waste to landfill [21]. The second credit point is waste
generated during the operation. To achieve the standard of 5-star rating, there is maximum
40% of waste disposed to landfill.

4 Interdependency
There are mutual relationships between waste management and the other key elements. In
addition, the undertaken actions in waste management and its interdependencies are also
related to the carbon critical design and sustainability concept. Several specific actions
taken to manage waste have both indirect and direct impacts on the energy consumption.
The indirect impact can be in the form of the energy needed for transportation and material
production. Several actions that have an indirect impact on the energy efficiency are, the
plan of waste flow and the disposal area that leads to the less energy consumption for the
transportation of waste. The other example is to use efficient materials such as soil in cut
and fill, and the reuse of excavation soil for grass lawn.
Furthermore, waste management also results in a direct impact on the energy efficiency,
for example, the initiative uses of waste for biomass in the operation stage. Electricity
produced by biomass can reduce or even substitute the conventional electricity from coal.
This action can be considered as a long-term investment in energy, besides it is also
economically and environmentally beneficial. The other action which gives a direct impact
to the other key elements is the initiative use of waste as fertiliser. This action will support
diversity restoration and revive the local identity of Gold Coast city. In general, all of the
specific actions also promote low carbon emission and green lifestyle to not only the
community and residents, but also to all parties that are involved in the project including
the construction workers.

5 Conclusion
The integrated waste management system is conducted to perform the sustainability
concept and critical carbon design. The implementation of this system is grouped into three
stages, where each stage consists of several specific actions that address waste management
in certain periods. The cost benefit analysis performed shows that the waste management
actions in Gold Coast are economically beneficial. The undertaking of those specific
actions is also related to the other main elements, such as energy, biodiversity,
transportation, and sustainable community.
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