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Executive summary
The Climate Adaptation through Sustainable Urban Development: Urban Planning; Makassar, Indonesia
project, commissioned by the CSIRO-AusAID Research for Development Alliance is investigating potential
climate change impacts on urban water services in Makassar and some potential adaptation strategies. To
support decisions for water and wastewater infrastructure investment in coastal cities such as Makassar in
light of anticipated impacts of climate change population growth etc, it is important to understand the
water resource context, have access to reliable data sources and information and to use transparent and
valid decision-making processes to deliver a variety of potential benefits for AusAID and partner countries,
including knowledge management and the encouragement of collaborative efforts with water managers in
partner countries.
In the Symposium on climate change in Mamminasata Region and the potential impacts on water service in
Makassar city, held in Makassar on the 16th November 2011, one of the needs expressed by stakeholders
was the desire to understand what could be done about climate change adaptation.
Climate change has increased the level of variability and uncertainty associated with future infrastructure
planning, placing added value on the capacity for adaptability and resilience in the urban environment.
This document is an introduction to tools available worldwide for use in integrated water management, a
number of which have been adopted to increase resilience to climate change and improve overall
sustainability of urban development. The document is not intended as an exhaustive reference, but as a
guide to literature and information sources. The methodology adopted for development of this document
was comprised of a review of the scientific and open literature on adaptation tools.
A mix of tools is presented: (i) “soft” tools, aimed at eliciting social and behavioural change, and (b) “hard”
tools, comprised of technological and engineering solutions. Brief descriptions are provided for each tool.
Whilst the majority of tools have been known for long time, their function and the decision-making
frameworks used for their selection have in current years been revisited in view of sustainability and
adaptation to climate change.
Often adaptation strategies adopt a mix of multiple tools. Overall, adoption of any of the tools is pursuant
to the contextual needs of a specific case study and the specific needs and priorities observed at the time of
implementation. In this document, the application of some of the tools to climate change adaptation is
illustrated through selected case studies from Makassar, Indonesia, and from Australia. The case studies
provide an analysis of the tools and interventions adopted and also of the lessons derived. The document is
not intended to address the decision-making process involved in the selection of tools, but references
which consider the topic are also provided.
The case studies highlight the need to ensure that any adaptation strategy considers the following
elements:
•
•
•
•
•
•

It is essential to develop a good understanding of the target area where the adaptation strategy
and tools are to be trialled;
Tool selection needs to be context specific. Outcomes from tool adoption can often vary when the
tool is applied in different contexts, hence some initial verification and investigation is needed to
determine appropriateness of any tool;
Multiple tools are often required and should include both hard and soft tools;
Soft tools are key in achieving long-term mindset and behaviour change required to support
technological implementation;
Monitoring and evaluation after implementation is required to ensure that tools are effective or to
verify if adjustments are required to achieve the initial program objectives.
Adaptation requires a holistic approach in which economic, environmental, social and technical
factors are considered and addressed particularly in resource constrained situations.
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1 Introduction
The “Climate Adaptation through Sustainable Urban Development” is a research project which aims to
improve spatial and environmental impact analysis on decision making for major urban infrastructure
projects and urban environmental management, in the context of adaptation to projected global and
regional climate change. The project is conducted through engagement with policy makers, urban
managers and researchers in two collaborative urban case studies, one in Can Tho, Vietnam and the other
in Makassar, Indonesia under funding from the CSIRO-AusAID Research for Development Alliance
(www.rfdalliance.com.au). The focus is on integrated urban water management (IUWM) of water services
as a means of demonstrating the application of sustainable urban development principles that respond to
multiple drivers such as climate change, population growth and rising demands on regional resources such
as water and energy.
The IUWM framework is a state-of-art approach for urban water utilities to plan and manage urban water
systems. It aims to improve the adaptation capability of urban water systems (Maheepala 2010) and it is
heralded as a promising framework for the development of strategies for sustainable urban planning and
climate change adaptation into the future (Ujang and Buckley 2002).
The IUWM framework consists of four broad steps:
1. Understanding the context of a case study area. In this step, the context and characteristics of the
region are evaluated. This step aims to understand the water and wastewater service challenges,
the availability of data and to identify any additional knowledge gaps that may need to be
investigated. The knowledge at this step is crucial as it underpins the following steps within the
overall framework.
2. Identifying objectives, indicator criteria and priorities. Based on the results obtained in step 1,
stakeholders are engaged to identify the overall study objectives, indicator criteria and assessment
options.
3. Understanding the impact of climate change in the case study area. This process documents and
identifies major challenges and opportunities for provision of water and wastewater services under
climate change scenarios.
4. Developing and assessing options for climate change adaptation based on the outcomes from (1),
(2) and (3).
Items (1), (2) and (3) have been evaluated for the Makassar case study and are documented in Barkey et al.
(2011), Tjandraatmadja et al. (2012a), Larson et al. (2012), Kirono et al. (2012) and Neumann et al. (2012).
Key challenges for Makassar include the need of infrastructure development given the pace of urban
development and ageing infrastructure: limited access to pipe water supply, the need for upgrade of
wastewater, stormwater and solid waste management, and fluctuation in bulk water access due to
seasonality (Tjandraatmadja et al. 2012a, Barkey et al. 2011). Stakeholders recognised that their greatest
priority in the short-term (5-10 years) is increasing the access to piped water supply and its security, and
they recognise that wastewater and pollution management will become increasing challenges in the future
(Larson et al. 2010, Alexander et al. 2011). Climate change is expected to impact future water security
(Kirono et al. 2012). Climate change projections indicate that water resources are likely to decrease in the
dry season compared to historical patterns. This will occur due to less precipitation, the increase in
evapotranspiration and temperature (Kirono et al. 2012), which are likely to decrease river stream flows
(Neumann et al. 2012) and also impact the groundwater recharge, the two main sources of water supply
8 | Tools for urban water management and adaptation to climate change

for Makassar (Tjandraatmadja et al. 2012a,b). Hence, all these factors need to be considered in the
planning of infrastructure for increased urban and climate resilience.
In the implementation of the IUWM framework a range of tools can be adopted. Infrastructure
development can be implemented at a range of scales, from individual properties, to large size
developments, and IUWM can adopt multiple structural and non-structural options, including both
decentralised and centralised options.
In order to inform the options development stage (4), this review aims to provide an introduction to a
range of tools and principles that have been adopted around the world for the management of water
resources in view of the uncertainties associated with rapid urban development and, in later years, climate
change. It is not intended as an in-depth reference as other existing documents are better suited to
undertake such function (see Appendix for examples). Instead it is a quick reference aid to adaptations
tools and provides references to other sources showing the application of the tools.
For practical reasons, whenever possible tools were referenced to world wide web sites, for ease of access
to information sources and contacts by project stakeholders.
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2 Report structure
The report is structured as follows:
•
•
•
•
•
•
•

Chapter 1 - Introduction;
Chapter 2 - Report structure;
Chapter 3 - Methodology
Chapter 4 - Framework for adaptation: introduces the framework used for adaptation to climate
change
Chapter 5 - Tools: analysis of key factors for technology/tool selection for climate change
adaptation. Introduction to hard and soft tools adopted in water cycle management and key
references;
Chapter 6: Case studies to illustrate the application of selected tools in for climate change
adaptation
Chapter 7: Conclusions and recommendations
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3 Methodology
A review was conducted of documents from the scientific and the open source literature to maximise ease
of access for follow-up of references and further studies. Sources adopted included scientific journals,
previous CSIRO reports and websites from a range of government and international development agencies
and non-profit organisations.
The review of the literature examined the most common decentralised technologies for water supply,
stormwater and wastewater management in developing and developed countries. It also examined
literature on climate change adaptation in urban areas for water supply and wastewater management with
a particular focus in identifying tools, both hard (technologies) and soft (social based) adopted around the
world.
This document is not intended to cover the process of tool selection in detail, but it provides an
introduction to the topic.
To illustrate the application of adaptation tools, Australian and Indonesian case studies were selected and
examined for their approach on adaptation to climate change and/or sustainable provision or services,
their original objectives, the tools adopted and the impact and lessons generated by each case study. These
included:
Indonesian case studies specific to Makassar:
• Adaptation at cluster scale
o Communal wastewater treatment in Makassar City
o Solid waste management and reuse program (3R in the Karang Anyar village)
o Waduk Tunggu - flood management infrastructure
•

Adaptation at city scale
o Education campaigns “We all live in a Watershed” and “Identification of water classes”

Australian case studies:
• Adaptation at allotment scale
o Atherton gardens –Rainfall harvesting and stormwater management using water sensitive
urban design
• Adaptation at cluster scale
o Figtree place – Rainwater harvesting and aquifer recharge
• Adaptation at city scale
o Sydney Water demand management strategy
o Adelaide northern ring project - Stormwater supply and groundwater recharge
Information on Australian case studies was obtained mainly from the open and scientific literature.
Information on case studies from Makassar was obtained from key stakeholders and project officers who
were involved with their implementation.
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4 Framework for adaptation
Water and wastewater services in urban areas are becoming an increasingly complex task. Figure 1
developed by Brown et al. (2009) illustrates the typical framework for evolution of urban water systems
around large cities around the world.
The development of urban water and wastewater services in urban centres was originally driven by the
need to provide access to water for human and economic development, to reduce the risk of diseases and
protect public health. This led many cities to the development of centralised water treatment and supply
and to centralised wastewater management.
As cities grow, with infrastructure construction and more impermeable surfaces, natural drainage and
infiltration is reduced, altering natural water paths to the environment; in addition the concentration of
population and economic activity also multiplies the number and strength of pollution sources that can
impact waterways and the environment. This is typically followed by the development of infrastructure to
attenuate pollution and control urban drainage.
Further, as population grows and as cities increase in size, the demand for natural resources, such as
surface or groundwater for supply of urban needs increases until a point when the use of resources may
exceed the natural replenishment cycle, and lead to conflict. At such point, preservation of existing supplies
is required and alternatives that can allow resource use in sustainable ways are sought. This realization has
reached many of today’s large cities, such as Jakarta, and Sydney, which have realised that traditional
exploitation of water resources would be unable to meet future population water needs.
Brown et al. (2009) argue that Water sensitive city is the ultimate goal still to be reached in urban
evolution, with most urban centres around the world currently still in one of the previous stages of
evolution.

Figure 1 - Evolution of urban water services (Brown et al. 2009)

The challenge of sustainable water resource management is a global issue of increasing complexity. Rapid
urbanisation and increasing urban population growth (in density and area) in developed and developing
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countries are placing increasing stress on the environment, given the need for resources and the impact of
pollution.
As cities age and grow, so does the cost of infrastructure development and maintenance. Institutional
arrangements also increase in complexity given the needs of multiple actors and their expectations.
Whilst in many cities in Europe urban development took place over hundreds of years, in many developing
countries economic and urban development are occurring at an accelerated pace over a period of a few
decades. As a result, urban lifestyle requirements, economic activities and their associated environmental
impacts grow at the pace of the current modern age, but infrastructure development lags behind and is
hindered by financial, institutional and social constraints (Ujang and Buckley 2002). For instance, in many
large cities sanitation and water infrastructure have not been able to keep pace with rapid urban growth,
or, existing infrastructure has become capacity constrained due to the rapid urban renewal and the
increase in urban density.
In addition to these challenges, climate change adds to the uncertainty that policy makers and water
planners face in developing future water management strategies. The uncertainty of climate change
impacts, such as changing rainfall patterns, floods, temperature increase, droughts and sea level rise
among others; compounds the risks that need to be factored in urban planning and policy making.
Under this context urban development needs to be both sustainable and resilient, i.e. able to adapt to
changing anthropogenic and natural challenges.
Sustainable development, as defined in the Brundtland convention, encourages the management of
resources with consideration for equity for current and also for future generations (Brundtland 1987), thus
encouraging a long term view of urban development in planners and politicians. Climate change is now an
additional factor that needs to be considered when defining sustainability.
Adger et al. (2005) defined adaptation to climate change as “an adjustment in ecological, social or
economic systems in response to observed or expected changes in climatic stimuli, their effects and
impacts in order to alleviate adverse impacts of change or take advantage of new opportunities. Adaptation
can involve both building adaptative capacity thereby increasing the ability of individuals, groups or
organisations to adapt to changes, and implementing adaptation decisions, i.e. transforming that capacity
into action. Both dimensions of adaptation can be implemented in preparation for or in response to
impacts generated by a changing climate.”
Huntjens et al. (2012) reinforced that adaptation deals with increased complexity as water resources need
to be managed across various time frames and scales. It requires flexibility for change as impacts are often
uncertain and require cooperation among multiple stakeholders; as solutions are not always well known
and knowledge is often dispersed among various stakeholder groups. Thus, adaptation is closely related to
policy development and linked to trust building, conflict resolution and balancing the interests of diverse
stakeholders (Huntjens et al., 2012). The need for such participatory approach is very disparate from the
traditional decision-making process and the institutional set-up that evolved for water and wastewater
management for the last 300 years. The evolution from water city to drainage city (Brown et al. 2009) has
typically relied on technocratic (engineering) solutions, this resulted in the development of traditional
institutional arrangements focused on individual sectors of the water cycle (i.e. water or wastewater or
stormwater alone); likewise decision-making historically relied on in-house “institutional” expertise with
limited need for consultation with other stakeholders. Hence, the consideration of the interdependency
between elements of the water cycle and even more the need for stakeholder engagement in decisionmaking constitute significant paradigm shifts in urban planning.

4.1

Integrated Urban Water Management

“Water scarcity and increasing water demand for meeting both human consumption and environmental
needs are forcing many towns and cities to reconsider the ways in which they plan and manage their water
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services. “ (Maheepala et al., 2010). Integrated Urban Water Management (IUWM) is an alternative
framework for urban water service planning that has achieved increased consideration in cities around the
world and is heralded by many researchers as the key to increasing the resilience and sustainability of
urban water services for its ability to “balance both human and environmental needs while maintaining a
economic growth (Ujang and Henze, 2006, Malmqvist et al., 2007)”.
In IUWM, urban water service providers plan and manage urban water systems (i.e. water supply,
wastewater and stormwater) to minimize the systems’ impact on the natural environment, to maximize
their contribution to social and economic vitality and to engender overall community improvement
(Maheepala and Blackmore, 2008). Key principles of the IUWM approach include minimizing the alteration
to natural flow and water quality regimes, ensuring that the volume of water extracted from a source is
sustainable for the community and the environment; reducing demand by minimizing water use and losses;
maximizing efficient use and re-use; diversifying supplies, considering local context; and ensuring that views
of stakeholder are reflected in the decision-making process (Mitchell, 2006).
IUWM considers the various water streams in the urban area: water supply, groundwater, stormwater and
wastewater , and their transformations in the water cycle (described in Table 1), including associated flows,
such as evaporation and flow through the soil profile. IUWM assesses the economic, social and
environmental dimensions of water, through life cycle costing, community engagement and environmental
impact assessment, respectively (Diaper et al. 2007). In this manner water is seen in a wider societal
context and appropriately valued.
Some of the key concepts adopted in IUWM include:
• Fit –for-purpose water supply: acknowledges that not all water uses require the highest water
quality, and that different quality (and treatment levels) may be suitable for different water uses.
Thus it is not necessary to treat all water to drinking standard if water is used for irrigation for
instance. This concept also supports the maximisation and diversification of water resources, as it
acknowledges recycling and re-use of water streams as viable supply options.
• Acceptance of centralised and decentralised solutions in water and wastewater management.
Decentralised technologies can be adopted at a range of scales from individual properties, to
clusters, to development scale in isolation or as a complement to centralised services. Powerful
drivers for the adoption of decentralised systems have been recognised in recent years, including
the cost effectiveness and flexibility that such systems offer in enabling development despite of
constraints of existing infrastructure and the preservation and improvement of the local
environment and amenity (Crites and Tchobanoglous 2004, Diaper et al. 2007, Tjandraatmadja et
al. 2010) ;
• Multi-objective goals and decision-making, the recognition that solutions for complex problems
require participation and collaboration among diverse groups and stakeholders, and that
increasingly solutions cannot depend on technological advances alone, but depend on a societal
behaviour change.
Overall, IUWM aims to maximise the societal benefit from the utilisation of all water streams in their
many forms and to minimise the environmental and social burden associated with their disposal. Key
benefits from IUWM include: (i) Increasing water security through efficient use of water resources, (ii)
Reducing environmental impact, (iii) Improving governance as cooperation between stakeholders is
required to achieve multi-objective decisions, and (iv) Improving system wide performance by
incorporating total water cycle consideration in the decision-making process (Maheepala et al. 2010).
A detailed description of the framework can be obtained in Maheepala et al. (2010). The process of IUWM
planning can be summarised as:
• Selection of key decision-makers and stakeholder group;
• Identification of development objectives, measures and methods;
• Understanding of existing system;
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•
•

Assessment of system performance; and
Implementation planning.

Table 1 – Definition of water streams in water cycle and their utilisation
Stream

Definition

Example

Rainwater

Precipitation that falls on roofs. In many
locations rainwater is collected and
stored for potable or non-potable use.

Rainwater for car washing in petrol stations
in Brazil (Ghisi et al. 2009), clothes washing
(Australia), irrigation and toilet flushing
(Japan, Korea, India, Australia), drinking
(Australia) (Furumai and Okui 2010, Han
2010, Diaper et al. 2007 )

Stormwater

Runoff from pervious and impervious
surfaces collected via drainage system.
Stormwater can be treated to attenuate
sediment loads or to reduce peak flows
prior to discharge to environment, or
treated for non-potable reuse or
groundwater recharge.

Treatment and artificial aquifer recharge
(Australia) (Dillon et al. 2009, Parsons et al.
2012)

Any water that has been used in a
dwelling, includes both blackwater (from
toilet) and greywater (all streams
excluding toilet).

Effluent from wastewater treatment plant
recycled for industrial reuse –Kwinana
(Western Australia) (Tjandraatmadja et al.
2008) or residential non-potable use
(Rouse Hill, Aurora, Mawson Lakes Australia) (Tjandraatmadja et al. 2008)

Wastewater

Treatment and reuse of wastewater can
take place at range of scales, but
typically it is centralised at cluster or
large scale.

Collection and storage (India) (Agarawal
and Narain 1997, UNESCAP undated)

Treated effluent addition to drinking water
reservoirs (Singapore)
On-site treatment and reuse for toilet
flushing in commercial buildings
(Tjandraatmadja et al. 2008)

Greywater

Blackwater

Groundwater

Wastewater streams discharged from a
dwelling, excluding toilet and urinal
wastewater. Typically includes
discharges from bath, laundry and
sometimes kitchen. It can contain
pathogens and also significant
concentration of dissolved solids from
detergents. Separate collection and
reuse/treatment of greywater can occur
at a range of scales.

Laundry greywater collection in apartment
block treated with subsurface wetland and
used for garden irrigation at Atherton
Gardens, Australia (Diaper et al. 2007)

Effluent discharged from toilets and
urinals, including faecal matter. It
typically contains the highest
concentrations of pathogens and
pharmaceuticals among wastewater
streams.

Blackwater collection under vacuum for
energy generation in Flintenbreite,
Germany (Otterpohl 2002)

Water stored in aquifers. It can be
vulnerable to surface contamination
where water table is high. If extraction
rate exceeds recharge rate, aquifers can
also become depleted leading to soil

Artificial groundwater recharge in Salisbury
City, Adelaide, Australia (Dillon et al.,
2009), Alice Springs (Parsons et al. 2012)

Office building greywater treated and
reused for toilet flushing (Tjandraatmadja
et al. 2008)

Dry toilets treated by on-site composting in
commercial Choi building, British Columbia,
Canada (Tjandraatmadja et al., 2006)
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subsidence or to seawater intrusion in
coastal areas .

4.2

Implementation

The IUWM framework can be adopted at a range of scales from individual allotment to regional
development. Numerous examples can be found of its application (Tjandraatmadja et al. 2010).
To achieve and implement IUWM objectives a range of hard and soft tools are adopted. The hard tools are
typically technologies applied at scales ranging from individual to sub-division scale. The soft tools deal with
the development of human resources and institutions and are targeted at fostering changes of mindset and
behaviour. Further information on tools will be presented in section 5.
After hard and soft tools/methods are selected, their combined impact needs to be evaluated on a
development scale. A number of methods are available to give a detailed assessment of the expected
impact of different technologies and aid in technology selection in the development context. These include
water and contaminant balances, life cycle costing, life cycle assessment (LCA) which includes energy,
materials and emissions and risk assessment and management (Diaper et al. 2007, Lundin et al. 2004,
Maheepala et al. 2010).
Typical evaluation methods used for assessment of options in a development context include:
• Water and contaminant balance analysis: evaluates the impact of technology adoption on water
cycle flows, quality and their ability to meet IUWM objectives, such as reduction in water usage or
achieving pre-development conditions;
• Life cycle costing (LCC): assesses the financial costs of a technological solution for the whole life of
the project/technology, i.e. from construction or implementation, yearly operation and
maintenance, replacement and disposal;
• Life cycle assessment (LCA) assesses the energy, materials resources and environmental impacts
including greenhouse emissions discharged to the environment;
• Risk assessment and management, such as health, social, environmental, institutional and political
risks associated with a tool option on the development;
• Multi-criteria analysis (MCA): incorporates value judgments and evaluates preferences and tradeoffs between risks and benefits from multiple options.
These assessment methods will not be discussed here but further information can be found in
Maheepala et al.(2010), Burn et al. (2012), Moglia et al. (2012), Lundin et al. (2004), Flores et al. (2009).
The value that these evaluation tools bring to the planning process is the ability to consider the overall
life costs of any intervention so that the true cost can be determined.
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5 Tools adopted in urban water management
This section introduces a range of hard and soft tools adopted around the world. “Hard” tools are
technology or infrastructure solutions targeted at the management of physical processes and typically
designed to achieve specific objectives which are often measurable. “Soft“ tools are designed to foster
changes in the way people, communities, industries and organisations, and society think and act. The most
commonly applied soft tools involve increasing awareness about water or pollution issues via the
dissemination of information and educational materials, and improved communication; capacity building
through training and skill enhancement; introduction of fiscal measures including economic incentives for
industries to reduce discharge and disposal as well as fees and fines; improving legal and regulatory
frameworks, and their implementation and enforcement; and changes to the structures and activities of
government departments (for example, industrial pollution departments), as well as trade, industrial and
commercial organizations and individual industries. Their impact is often more difficult to measure,
particularly in the short-term, but they are essential for the long term sustainability of water services,
including the long-term viability of hard tools.
Very often multiple tools, both hard and soft, are combined to achieve a sustainable outcome.
Tools were reviewed based on their potential application to tropical climate and conditions similar to
Makassar, however examples were also provided of some emerging tools, whose suitability still needs to be
verified, for information purposes.

5.1.1 CONTEXT AND OBJECTIVES
Selection of the tools is determined on a case-by-case, as consideration has to be given to local context,
policy and the desired development objectives, which are unique for each case study area (Diaper et al.
2007). For example, some of the objectives and drivers for development in Australia include minimising
environmental pollution, overcoming water scarcity, recovery of resources, delaying investment in
expensive infrastructure and improving urban amenity, which can also lead to an increase in willingness to
pay by development buyers (Diaper et al. 2007). In Australia, due to climate and water scarcity, one of the
key objectives in urban development has been to increase efficiency of water use, reducing mains water
consumption, and increasing security of supply by diversification of water resources. In Korea and Japan
security of water supply has been a major driver for adaptation in view of population pressure on water
resources (Han 2010). Whilst in Germany, Sweden and Denmark water security is not an issue, instead the
major driver has been the mitigation of pollution discharges to surface water and groundwater and
reduction of greenhouse gases (GHG) and waste (Otterpohl 2002). In developing countries, one of the
primary objectives is to provide access to clean water and sanitation to protect public health. Overall
solutions need to be appropriate to the social, economic and technological in-country context, and thus
often solutions for developing countries require low maintenance costs and low energy requirements.
Historically one of the challenges of schemes implemented with donor funds has been the reliance on
technologies and tools that were “imported” from donor countries without due consideration for local
context and implemented in isolation from local planners, researchers and engineers/specialists. Numerous
examples exist of abandon or failure of such schemes in the post-implementation period caused by either
cost or capacity for maintenance exceeding local resources (Ujang and Henze 2006).
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5.1.2 CONSTRAINTS
Tool selection is influenced by constraints. By combining the work from Diaper et al. (2007) and Lǿnholdt
(2005) key factors impacting hard tool or technology selection were identified, these are explained in Table
2:
•
•
•
•
•
•
•
•

Climate;
Topography;
Lot size and density;
Occupancy and water use;
Storage and water availability;
Legislation and enforcement;
Implementation and management strategy;
Appropriateness of technology. It includes financial, social and technical suitability of the
technology at time of installation and also during its lifetime towards the fulfilment of intended
design objectives (Lǿnhldt 2005). For developing countries this typically emphasizes the need for
technologies that are financially and technically sustainable.

Increasingly around the world there is recognition of the interdependency between streams in the water
cycle and acknowledgement that holistic approaches for water service management are needed. In
particular, increasingly there is recognition of the need for stakeholder collaboration for the functioning of
water systems and hence the need to adopt soft tools.
The selection of soft tools also needs to take into account several factors. These include (see Table 3 for
more details):
• Targeted population;
• Scale;
• Culture;
• Resources needed versus available;
• Matching of water problem with human resource of the problem; and
• Urgency of the water problem.
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Table 2 - Key factors that influence hard tool selection
Influence factor

Considerations

Climate

Annual average rainfall, variation in annual, monthly and daily rainfall and
evaporation rates and temperature. These impact stormwater and rainwater
contaminant balances showing inter-relationships between water and
contaminant flows in the complete water cycle

Topography

Land slope and form can constraint the viability of technology. Steep slopes can
allow for gravity collection systems, but may also increase surface flow and
contaminant load

Lot size and density

Lot size, dwelling type, consumer expectations and affordability can impact the
rage of service options and technologies that can be adopted and what scales can
be considered. E.g. small lots may restrict the range of options that can be
adopted, e.g.. effluent infiltration trenches in small plots may have limited ability
for trench rotation.

Occupancy and water use

Water demand is influenced by occupancy, pattern of use and end uses (indoor
and outdoor). Parameters such as water consumption and wastewater generation
determined by occupancy help to understand how an alternative streams can be
managed.

Storage and water
availability

Storage is important for areas that experience high seasonality of water supplies.
Water availability is determined by occupancy, water use patterns and end uses.
Typically water consumption is higher in the dry seasons compared to the wet
season. At cluster or development level alternative water sources collection and
storage capacity would be maximised compared to property level. Stormwater
can be stored in lagoons, ponds or underground aquifers

Legislation and
enforcement

The legislation or its absence surrounding domestic water use and wastewater
reuse can hinder or promote technology. These can often be complex and vary
between jurisdictions. Likewise the absence of associated guidelines and
standards to clarify and translate legislation into activities that are easier to
understand can be a disincentive.

Implementation of
management strategy

Typically water services manage stormwater, wastewater and drinking water as
separate entities, which is a barrier to the implementation of alternative
integrated water services (Mitchell, 2004).
Successful IUWM thus requires a high level of stakeholder and public
involvement, strong partnerships or alliances not necessarily present in
traditional project management strategies. Institutional arrangements may not
always be geared for deviation from the status quo, hence during early stages
many schemes are driven by project champions who can see the project through
to completion. Thus, the implementation and management strategy for any
development with an alternative water service needs to be considered and new
strategies may need to be developed to incorporate new approaches to water
servicing.

Appropriateness

Social, technical and financial suitability of a scheme or tool to a development
context and objectives is essential in tool selection and viability. As a
development evolves objectives, needs and constraints may also change and
technology may need to be reassessed for appropriateness.
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Table 3 - Key factors that influence soft tool selection
Influence factor

Considerations

Targeted population

Tools need to be tailored to the group being targeted (community members,
business leaders, government agencies, etc). For example, an educational
campaign aimed at raising awareness about water shortages and conservation
would need to use different tools depending on the audience. A street festival
around water issues would be appropriate for a community whereas a formal
scientific presentation by an expert may be better suited for business groups or a
government agency.

Scale

Some soft tools are aimed at small groups, while others can reach a broader
population at a higher scale. For example, an educational campaign using a
travelling road show would be seen by a relatively small group of people (but may
have a significant impact on how those people think and do about water). By
contrast, educational campaigns using social media (e.g. Facebook) would reach
more people over a much bigger geographical region (but may, or may not be, as
effective in catalysing change in individuals’ use of water as a travelling road
show).

Culture

All tools need to be adapted to be sensitive to cultural customs and practices,
whether those are of a community or an organisation. Fiscal incentives aimed at
water conservation, for example, would need to be developed and implemented
differently in a poor city neighbourhood than among large industrial groups.

Resources required versus
available

Some soft tools are cheap to develop and implement (e.g. capacity building based
on acquisition of technical books) whereas others are expensive (e.g. rebates
aimed at reducing water consumption). Moreover, some tools require significant
human skills and time (e.g. collection and analysis of high quality data to assist in
water management decision-making processes) which tend to be financially
costly.

Matching of water problem
with human source of the
problem

The soft tools selected also need to take into consideration the type of water
issue at hand (water quantity, water quality, etc.) and the extent to which the
targeted populations are responsible for creating that problem and/or can assist
in reversing the problem. For example, if the problem is water pollution and the
by far largest source of the pollutants come from industries, tools aimed at raising
water pollution awareness among community residents may not the most
appropriate or effective in improving water quality. Tools selected in this case
should aim to change the behaviour of the industries (e.g. change how they use
water, dispose of wastewater and other pollutants, etc.). These can include
changes in legislation regarding industrial wastewater disposal, enforcement of
an external monitoring program and fines, and/or incentives such as “best
practices” awards.

Urgency of the water
problem

Urgent water problems, such as severe water shortages, may require different
soft tools than water problems that are not critical to quickly address. In the
former case, educational campaign tools, which may take longer to catalyse
change in how people use water, would need to be implemented (if at all)
alongside soft and hard tools that are quicker and more effective at addressing
water shortage problems.

5.2 Hard tools
This section classifies technological tools based on their purpose and application to water cycle streams.
The review will not explore conventional large scale technological solutions, but will focus instead on
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decentralized technologies which can be adopted at various development scales. The tools are summarized
in Table 4 and described in the following sections.
Table 4 - Technological tools adopted in urban water adaptation
Application

Classification

Tools

Water supply

Alternative sources

Rainwater harvesting and use
Greywater, storm water and wastewater
treatment and reuse
Desalination

Demand reduction

Design appliances for reduced water
consumption/waste
Water restrictions

Storage

Surface storage (reservoirs, basins, ponds, tanks)
Underground storage (constructed storage) or
Managed aquifer storage

Stormwater

Treatment

Passive (raingardens, retention basins, permeable
surfaces, infiltration devices, vegetated strips)
Active (gross pollutant traps, screens) See also
wastewater.

Recharge

Managed aquifer recharge (injection wells, river
bank infiltration)
Infiltration wells and basins, biopori™

Wastewater

Collection

Source separation (urine diversion, greywater
diversion and blackwater diversion, dry toilets)
On-site systems (septic tanks and infiltration
trenches, advanced on-site systems)
Off-site transport:
Gravity sewerage (simplified, condominial
sewers)
Septic tanks and off-site disposal (septic tank
effluent pressure (STEP), septic tank effluent
gravity (STEG), simplified sewerage)
Pressure sewerage
Vacuum sewerage

Treatment (off-site)

Natural systems (lagoons/waste stabilization
ponds, wetlands, artificial wetlands, reedbeds,
Living machines)
Package plants: Trickling filter (textile, sand),
rotating biological contactors, oxidation ditches,
UASB, Sequencing batch reactor, membrane
biological reactor)

Reuse

Greywater diversion systems
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Greywater treatment systems
Advanced treatment

Biogas recovery
Reverse osmosis
Ultrafiltration/Nanofiltration
Nutrient removal
Advanced oxidation (UV, Ozone)

5.2.1 WATER SUPPLY –RAINWATER HARVESTING
Rainwater harvesting is adopted in multiple countries around the world for water supply particularly in
remote areas and areas without access to municipal water, e.g. rural areas, post-disaster or impoverished
areas in urban cities without piped water (Song et al. 2009). It has also been Increasingly adopted in urban
areas to augment water supply, e.g. India, Australia, USA, Japan, Germany, South Korea and Brazil, and thus
to reduce the demand on traditional water sources (groundwater and mains water). Furthermore,
rainwater harvesting offers the potential of partial attenuation of stormwater flow peaks and thus can
contribute to pollution control and improve drainage (Coombes 2002, Han 2010, Coelho and Reddy 2004).
The adoption of rainwater harvesting is driven by increasing water scarcity and often by changes in rainfall
intensity exacerbated by climate variability. The amount of rainwater that can be harvested depends on
rainfall pattern, intensity and distribution during the year, the roof collection area and storage capacity.
Rainwater harvesting systems require collection, storage, treatment and distribution. In urban areas, where
air pollution is higher, collection systems can incorporate a range of devices aimed at reducing contaminant
intake (e.g. first flush diversion devices) and at preventing the growth of vectors (e.g. mosquitoes) in the
system (e.g. mosquito screens or covers) (Diaper et al. 2007). Distribution can occur via a pump, gravity
feed or manual transfer. Storage which determines reliability of supply is dependent on available area.
Treatment is typically dependent on the intended end use, drinking often requires filtration or disinfection
(eg. boiling), whilst non-potable uses (e.g. irrigation) tend to use untreated rainwater. The rainwater
harvesting system is in principle simple and can be constructed with local or low cost materials. However,
guidelines for implementation and operation of such systems need to be tailored to the local climatic
conditions to ensure reliability of supply (Coombes, 2002, Furamai and Okui 2010). Rainwater tanks can be
implemented at individual properties or for a cluster of properties, where a communal tank is used for
storage. The reliability of a rainwater tank is dependent of climate, collection area, tank size and water
usage, and needs to be assessed on a case –by-case basis. The quality of rainwater collected is influenced
by the collection surface material (e.g. clay, corrugated sheet metal, lead flashing), air pollution levels and
fauna (Magyar et al. 2011, Ahmed et al. 2011, Ahmed et al. 2012).
Maintenance requirements for rainwater harvesting are simple: cleaning of gutters, inspection and
replacement of screens and openings to prevent blockage and mosquito development, and potentially
removal of sediment from the bottom of the tank. For communal tanks, clarification of roles and
responsibilities regarding maintenance and management is required to avoid system deterioration.

Benefits
•
•
•
•

Low cost alternative water supply, commonly adopted for potable and non-potable uses;
Can provide some peak flow attenuation by delaying stormwater run-off;
Ease of maintenance;
Typically has low energy requirements (gravity systems), but energy requirements increase if
pumps are used and need to be assessed on case by case basis.
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Risks
•
•

•

Lack of maintenance can lead to incubation of vectors and pose a public health risk (e.g. spread of
malaria, dengue, etc). The system also needs to ensure that no vermin or vectors can access the
rainwater storage reservoir (Standards Australia 2008).
Effectiveness of supply will depend on available area for storage. In high density areas, where open
space is limited rainwater harvesting at individual property level may not be viable. However a
number of schemes have focused on rain harvesting at large buildings (sports centers, schools,
multi-storey, shopping centers, government buildings) which usually can offer large collection
surfaces, can also incorporate storage options (e.g. underground tanks) and can provide adequate
management and maintenance of system.
System design and verification needs to be based on local climatic conditions to verify the level of
supply reliability.

5.2.2 STORMWATER
Stormwater is rainwater run-off which has fallen on roofs, paved areas and roads during rainfall events. In
urban areas, the volume of stormwater run-off is typically high because of the presence and large coverage
of impermeable surfaces, and less opportunities for natural infiltration. The pollutant load from stormwater
run-off is typically less than wastewater, but the amount of solids and debris can be high depending on the
surface conditions and the amount of debris that is collected from the ground. Stormwater run-off collects
sediment and pollutants deposited on roads (e.g. oil and grease, metals, rubbish). The solids in stormwater
can clog drains, streams and rivers. Sediment can entrap nutrients and increase algae growth, contributing
to eutrophication. Pollutants such as heavy metals and hazardous chemicals can also be toxic to aquatic
systems and contaminate groundwater. Stormwater treatment is most commonly managed at street or
development scale.
Treatment of stormwater typically aims to reduce the pollutants loads in stormwater, to reduce peak loads
and volumes transported (Hatt et al. 2004). Traditionally water volume control/flood is the main aspect
considered in stormwater design, followed by protection of environment and passive irrigation. Examples
of tools adopted to reduce the contaminant load and also to delay the peak volume in a rainfall event
include raingardens, vegetated swales, detention basins, permeable paving (to increase infiltration into soil)
and landscaping (Table 5). Technologies for aiding natural recharge in urban areas are also available, e.g. in
parts of India rainwater collected from roofs is diverted to absorption pits or wells filled with coarse media
(e.g. stones) prior to discharge onto the streets to improve groundwater recharge during the wet season
(UNESCAP 2012a,b). In Indonesia, the Institute of Technology in Bogor developed Biopori, a small diameter
infiltration well filled with organic material to aid stormwater infiltration (Biopori 2012). The organic
material is expected to turn into compost over time, to be extracted for use around the property and the
biopori filled with new organic material.
In recent years, recovery of stormwater for reuse as a water source has been explored in a number of
countries. There are examples of stormwater use in large scale municipal water supply, firefighting and
recharge (Diaper et al. 2004, Maheepala et al. 2010 , Han 2010); with surface storage of water from the wet
season for use in the dry season in Pacific islands such as Tuvalu and Kiribati (Falkland 1992) and artificial
groundwater recharge with stormwater after treatment (Dillon et al. 2006, Parsons et al. 2012, UNESCAP
2012b).
The design and adoption requirements of stormwater treatment and harvesting in monsoonal climate
would require investigation of the retention capacity, drainage and environmental conditions for each
targeted areas. Technologies typically adopted are summarised in Table 5. Further references can be found
in the appendix.
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Benefits
•

Decentralised stormwater management can reduce peak flows and reduce the need for
downstream drainage infrastructure upgrade and can be used to promote local infiltration.

•

Passive attenuation of stormwater also reduces the sediment and pollution loads transferred from
impervious surfaces to drainage infrastructure by retaining part of the sediment load.

•

Stormwater can become a supplementary source of water if appropriately managed, for instance
for non-potable uses.

Risks
•

Technology transfer: caution needs to be exercised when transferring technology as design
optimization needs to consider local climatic conditions (e.g. technologies optimized for
temperate climate would need to be re-designed for application in monsoon climate).

•

Solid waste, surface residues (pollution from traffic, chemical residues, pesticides) need to be
considered when evaluating treatment for reuse options, e.g. reuse for irrigation only.

Table 5 - Stormwater treatment technologies
Application

Tools

Description

Benefits

Sediment removal
and attenuation

Raingardens

Vegetated surface designed
to collect water from
stormwater drains before
discharge into stormwater
drains. Rain gardens typically
contain plants and coarse
material of various sizes to
remove sediment and
attenuate contaminant loads.

Sediment reduction and
flow attenuation.
Often contributes to
improved amenity.

Retention basins

Landscape designed to collect Sediment reduction and
water for a specific design
flow attenuation
volume and remove
contaminants by passage
through natural infiltration
into soil (Diaper et al. 2007,
Argue 2004).

Filter strips or swales

Vegetated surfaces that drain
water off impermeable areas.
Swales are long shallow
channels that act as
temporary store and allow
water to infiltrate into the
ground (Argue 2004). Filter
strips are sloping areas of
ground. Both are typically
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Sediment reduction and
flow attenuation

integrated into road verges
and landscape. Maintenance
requires regular mowing,
clearing of litter and periodic
removal of silt.
Filter drains and permeable
surfaces

Treatment for reuse See wastewater

Infiltration devices

Permeable materials located Sediment reduction and
below ground to store runflow attenuation
off. Run-off flows infiltrate via
a preamble surface layer,
which can be a grassed or
gravelled area, paving with
gaps or pavers with in-built
vertical voids. These are
typically used for road verges,
paths and car parks.
Maintenance requires
removal of silt, weed control
and cleaning or lifting and
repaving to keep voids clear.
Examples include soil covered
by a permeable sub-base,
covered by geotextile and by
pavers.
Treatment of stormwater is
usually simpler than
treatment of wastewater as
the concentration of faecal
matter and human pathogens
tends to be lower.
Devices that drain water into
the ground. E.g. Soak ways
and infiltration trenches
located below ground and
into which stormwater is
directed. They require
permeable soils and have to
be located well above the
groundwater table.
Maintenance requires regular
inspection to preserve
infiltration capacity, e.g.
removal of silt. Infiltration
trenches lined a fabric
material and filled with
stones or other holding
material. Infiltration wells,

Sediment reduction and
flow attenuation.
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e.g. sand filters, biopori™.
Basins and ponds

Storage

Managed aquifer recharge
(MAR)

Locations that provide
storage for run-off and
attenuate storm flows and
allow infiltration. Basins allow
storage during wet weather
and dry off during dry
weather. Ponds are
permanently wet. Typically
they are adopted at the end
of a stormwater treatment
train. They often are used
also for passive infiltration.
Detention time is typically 2-3
weeks. Examples: vegetated
wetlands. They typically
provide some treatment of
run-off water improving its
quality. Water can often be
used for irrigation.
Maintenance consists of
vegetation control and silt
removal. Adoption of such
systems can be limited by
land availability.

Sediment reduction and
flow attenuation.

Stormwater is collected,
treated and injected in
disused aquifers at cluster of
sub-divisional scale in the wet
season with potential
recovery in the dry season.
Viability of this method is
dependent on local geology
and accessibility to an aquifer
of suitable characteristics
(Dillon et al. 2009).

Benefits include reduced
storage costs (compared
to surface storage) and
no surface land
requirements.

Can be used for
recreation.
Can improve amenity

It also has potential for
reducing groundwater
salinity in some cases.
It can allow water
collection in wet season
for use in dry season,
with no evaporation
losses.

5.2.3 WASTEWATER
Traditionally management of wastewater has focused on its removal and disposal for public health and
environmental management. Technology selection is based on population numbers and density (related to
the ability of the receiving environment to absorb the pollutant load), treatment effectiveness and
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affordability. In cities, as population size and density increase, so does the amount of wastewater
generated, impacting the capacity of the receiving environment to disperse the wastewater by natural
means and requiring treatment intervention. Typically the recommended treatment technology is based on
the size of the population serviced and the level of urban development as exemplified in Table 6 for
Malaysia. Technologies options are summarized in Table 7.
Technology options for on-site treatment range from dry, to wet and aerated systems (more energy
intensive). When water supply is available, on-site treatment systems such as septic tanks are commonly
adopted in urban sanitation of unsewered areas. Each property is equipped with its own system and the
effluent produced is disposed on the property, e.g. septic tank and leachfield/ infiltration system. However
adoption of the septic and leachfield system can be restricted by high water tables, proximity to
environmentally sensitive areas or limited land availability, particularly as urban density increases. In such
instances, the options are to either increase the treatment level with adoption of advanced on-site
wastewater treatment systems, which still requires effluent disposal, or to adopt off-site communal
treatment and disposal of effluent. Examples of the first type include sand filters, Imhoff tanks, Jokhosou,
aerated systems (see Appendix). Examples of the second type include transfer to communal treatment
plants for a neighbourhood such as communal Imhoff tanks or other package plants.
Source separation of wastewater streams for treatment, local reuse and diversification of water supplies at
property or cluster scale (Diaper et al. 2007, Tjandraatmadja et al. 2008) and for resource recovery at
cluster scale (energy and/or nutrients) (Ottherpohl 2004) have also been examined worldwide. Examples
include urine separation for nutrient recovery (Djonoputro et al. 2010), blackwater separation (Otterpohl
2002), greywater separation and reuse (Diaper et al. 2004) and composting or dry toilets. Source separation
acknowledges that treatment may be better tailored to the condition of individual streams and thus also
more cost effective. For example, by separating blackwater (which contains majority of the pathogens)
from greywater, the treatment required for the greywater stream can be less stringent than for the two
streams combined.
Dry or composting toilets are waterless toilets where the excreta is composted into an inert humus
material, which can be incorporated into the soil as a fertiliser. It is particularly suited for areas which have
limited or no access to water, as it allows conservation of water for other end uses.
Acceptance of urine separation, dry toilets and on-site nutrient recovery technologies can be limited in
urban areas, as they differ significantly from the typical prevailing service models residents are familiar with
(Otterpohl 2002). Adoption of such systems requires commitment from residents to undertake some
change in behavior and appropriate system maintenance and control. There has been greater acceptance
of urine separation in peri-urban and rural areas, including in Indonesia where the separation by-products
can be utilised on the land (Nayono et al. 2010).
Dry and composting toilets have historically been mostly adopted in remote areas where access to water is
limited, but a number have been implemented in urban areas as demonstration projects (e.g. university
and commercial buildings) in countries such as the USA, Canada, Scandinavia and Australia (Clivus Multrum
2012). Their major advantage is that their operation is not constrained by lack of water. For further
examples of the application of dry toilets around the world see Salmon et al. (2004).
A range of wastewater collection system technologies are reported worldwide. These include systems that
incorporate septic tanks (septic tank effluent pump, septic tank effluent gravity, simplified sewerage,
condominial sewerage) - where the septic tank acts as primary treatment retaining solids and suspended
matter, as a result the design of the collection system for transport to off-site treatment can be simplified
and requires lower burial depths, costing less. In addition, off-site wastewater treatment options adopted
can often be simplified as solids and biological oxygen demand (BOD) are reduced (Otterpohl 2002).
Collection systems without septic tanks require gravity, pressure or vacuum technologies. Gravity systems
have low energy requirements, but costs of installation tend to be high due to the required burial depths
and the slope requirements for transport of solids. Condominial or simplified sewerage, which uses small
diameter pipe (diameter less than 100mm) laid in low gradients has been successfully adopted in many
countries for its low cost (25-50% less than conventional gravity sewerage) (Andersen 2005). Pressure
sewers are often cost effective when adopted in challenging terrain or in areas of high water table (Crites
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and Tchobanoglous 1998). Vacuum sewers are limited in length by the need for development of a vacuum
and hence less common. Merits of each system are presented in the Appendix.
Off-site treatment is typically applied for cluster, sub-development or city scale. Typically, in most
developing countries around the world low cost off-site wastewater treatment or natural treatment
systems are preferred due to operating simplicity, minimization of energy requirements and low costs, e.g.
waste stabilisation ponds or lagoons, however these are subject to land availability (von Sperling 1996,
Oliveira and von Sperling 2011).
Package treatment technologies that can be up scaled have been increasingly adopted at on-site, cluster
and development scales in both developed and developing countries as they allow stepwise expansion of
treatment capacity (Crites and Tchobanoglous 2004). There are a number of examples where package
treatment plants are used in small to medium developments in satellite areas or as a complement to
centralised sewerage treatment in areas where existing infrastructure has reached its design capacity
(Sharma et al. 2010, Bieker et al. 2010). In Singapore, which is land constrained, decentralized greywater
treatment is incorporated in public housing building blocks as part of the Masterplan (Lim et al. 2002). The
decentralized treatment plants avoid the need for a large area for centralised treatment, improve the
quality of greywater before discharge into canals and also produce effluent for local outdoor reuse.
Von Sperling (1996) and Massoud et al. (2009) compared the major advantages and disadvantages of a
range of wastewater treatment plants (infiltration systems, media filters, lagoons, suspended growth,
sequencing batch reactors, attached growth and constructed wetlands) adopted for off-site centralised
treatment in developing countries.
Oliveira and von Sperling (2008, 2011) analysed the actual treatment removal efficacy in terms of BOD,
chemical oxygen demand (COD), total suspended solids (TSS), nutrients and fecal coliforms for 166
wastewater treatment plants with technologies including septic tank and anaerobic filters (ST+AF),
facultative ponds (FP), aerobic pond and facultative pond (AP+FP), activated sludge (AS), UASB reactors
alone and with post-treatment (UASB+POST) in Brazil. They verified that the performance often fell short of
results published in the literature as shown in Table 8. There was large variability in the performance of the
various technologies irrespective of technology type and influent characteristics (Oliveira and von Sperling
2011). However, there were also a few examples of better performance than in the literature reports,
indicating that performance could be optimized but that had it to occur on a case by case basis. Among the
technologies, ST+AF had a poorer performance than expected from the literature for all monitored
parameters. FP performed poorly for COD, TSS and TN removal, but showed good TP and coliform removal.
AP+FP had good removal efficiency for BOD, COD, TP and total coliforms with a significant number of plants
performing within and above the values reported in the literature. AS displayed the highest organic matter
removal efficiency among the technologies compared, although the values were below those reported in
the literature. It also was the technology least sensitive to variances in influent loading concentrations.
UASB had good BOD and COD removal capacity, but performed poorly for TSS, fecal coliforms and nutrient
removal. UASB + POST had a removal efficiency that most closely resembled literature values, however
there was a wide range of POST technologies adopted at individual plants which resulted in a wide
performance range. In summary, the results from Oliveira and von Sperling provide a realistic snapshot of
WWTP performance and their limitations, caution about over-reliance on published performance from the
literature and reinforce the importance of tailoring individual WWTP design and monitoring operation to
optimize plant design.
Membrane biological reactors (MBR) can produce high quality effluent. The use of MBR technology is
becoming more widespread in industrial and municipal wastewater treatment as stricter effluent discharge
guidelines are implemented and as the need for water recycling increases due to urbanisation and the need
for protection of water resources (Cutler 2012, Kraemer et al. 2012). Initially expensive, costs for the
technology have decreased markedly in the last 10 years increasing their competitiveness when compared
to more traditional wastewater technologies trying to achieve the same effluent quality (Cutler 2012).
However, operating costs are still higher than conventional systems due to their energy requirements and
their operation and maintenance requires specialized know-how and high level of automation (Kraemer et
al. 2012). For further information on MBR see Kraemer et al. (2012).
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In summary, as urban density increases, so does the concentration and volume of sewage that needs to be
treated and the constraints to infrastructure, requiring re-assessment of the wastewater system
performance and operation. A number of technologies can be adopted for sanitation and their
appropriateness will be based on the resources (including management capacity), constraints and capacity
requirements of each case-study area. Increasingly, planners are recognizing that there is potential for
adopting technologies combinations at different scales to improve the overall wastewater system
performance and to increase its adaptation capacity.
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Table 6 - Wastewater treatment technologies recommended in Malaysia based on the size of the population
serviced (Adapted from UNEP 2002)
System

Person
equivalent

Target

Objectives

Options

Individual onsite systems

1-10

Rural areas

SS removal

Septic tanks

Remote properties

Partly organic removal

Ventilated pits

Communal onsite systems

10-100

Urban poor

SS removal

Government sponsored
housing

Partly organic removal

Communal septic
systems

Range of areas

SS removal

Household
centred lowcost sewerage
systems

100-5000

Decentralised
and small
treatment
systems

5000-50000

Large-size
centralised
systems

>50000

Organic removal

Low cost flats in urban
areas, Middle class
residential, Resort areas,
Government houses,
Business areas, properly
planned housing areas,
Middle class planned infill*

SS removal

Clusters of properly
planned housing areas

SS removal

Business areas
Middle class urban
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Organic removal

Organic removal
Nutrient removal

Imhoff tanks
Waste stabilisation
ponds, wetlands, land
treatment
Package plants:
activated sludge
systems, biofilm systems
or hybrid systems

Conventional activated
sludge plants
Sequencing batch
reactors

Table 7 - Wastewater management technologies
Application

Tools

Description

Benefits

Wastewater
collection

Gravity
sewer

Sewer network made with pipe of (DN150 or Low energy intensity.
larger), pipes are installed at a gradient to
Can be subject to infiltration/exfiltration.
achieve self-cleaning velocities.
Cost of installation can be high on flat terrain due to absence of natural gradient.

Septic
tank
effluent
gravity
(STEG)

Grease and solids are removed by a septic
tank, a plastic pipe (DN≈25-50mm)
transports effluent from the septic tank,
sometimes with an effluent filter, to a small
diameter collection system.

Can be laid at variable grades and closer to the surface as there are less solids that will settle
in the pipe.
Collection main is watertight and subject to less infiltration.
Cheaper than conventional treatment at variable topography.
Suitable for areas of low population density, but with expected population growth.

Septic
tank
effluent
pump
sewer
(STEP)

After the septic tank, the effluent is pumped
by a high pressure turbine pump into a
pressurised collection system. The line from
the septic tank is usually 25-38mm. The
minimum pipe size for the pressurised
collection main is 50mm plastic pipe.
Construction is shallow, making the system
suitable for areas with rocky soil, and high
groundwater (Crites and Tchobanoglous
2004). Operation and maintenance
requirements: frequency of septic tank
pumping, pipeline cleaning, frequency of
maintenance calls and odour control. Cost
of replacement parts (e.g. pump) needs to
be also considered. System also required
electric power.

System is water and airtight.
Cheaper than conventional treatment at variable topography (Shoalhaven Water, undated).
Suitable for areas of low population density, but with expected population growth.

Tools for urban water management and adaptation to climate change | 31

Application

Tools

Description

Benefits

Simplified
sewerage

Sewerage pipe diameters, gradients and
depths of the pipes are reduced with
respect to conventional sewerage systems
(Patterson et al. 2007). Sewerage can often
be constructed at property boundaries
instead of under the road (condominial
sewerage)

Simplified sewers are suitable for all types of settlements but are particularly appropriate for
dense, urban settlements (Stauffer 2011).
Much cheaper than conventional sewerage.
Allows for quicker installation and is particularly advantageous when unpredictable
population increases are occurring in urban areas (Ujang and Henze 2006)
The sewerage infrastructure is designed to last for up to 20 years whereas conventional
sewerage is designed to last for 30 years (Ujang and Henze 2006) .
A main requirement is that no solids enter the system (Stauffer 2011) . Maintenance can be
done by the local sewerage authority.
Requires expert design and supervision ( Tilley et al. 2008)
Requires enough water for flushing (Stauffer 2011)

Greywater
reuse

Diversion
devices

Greywater from bathroom and laundry is
collected and diverted for use in garden
irrigation without treatment via a manual or
automated switch valve. Storage is often
restricted to 24h to limit pathogen growth.
In Japan some toilets are equipped with a
wash basin over the toilet cistern to allow
water reuse for toilet flushing.

Treatment Greywater from bathroom and laundry is
and reuse collected, treated by an on-site system ,
stored and re-used for non-potable
applications, such as outdoor irrigation or
toilet flushing.
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Diversification of non-potable supplies.
It is a non-seasonal water source.
Reduces volume of greywater discharged to drainage system.
Application is restricted by garden area/permeable area. Not required during wet season.
Absence of guidelines/ standards can be an impediment to reuse.
Diversification of non-potable supplies.
It is a non-seasonal water source. Not limited by irrigation area.
Treatment technology can be costly (acquisition and operation) and often requires

Application

Tools

Description

Benefits
specialised maintenance.
Absence of guidelines/ standards can be an impediment to reuse.

Urine
separation

Waterless or
composting
toilets

Wastewater
treatment

Urine
Urine separation requires the adoption of
separation separation toilets. Urine is collected as a
toilets
separate stream and used on-site or
collected and re-used off-site. Storage for
6months has been shown to kill pathogens
(Udert et al. 2003). Urine separation toilets
are an emerging technology and still being
tested. Acceptance of urine separating
toilets by householders needs to be tested.
Technology is not yet mature for urban use.

Nutrient recovery: urine stream is rich in nitrogen and be adopted for plant fertilisation. But
this is dependent on having a disposal option (Crockett 2003) or a market for urine reuse.

Water less Waterless or composting toilets do not
toilets
require water for flushing. The excreta is
collected in a receptacle and composted to
an inert humus, which can be reused as a
soil amendment. A range of models are
available.

Low cost

Removal of urine stream removes majority of the nitrogen load from wastewater (Hanaeus
et al. 1997).

Requires no water for flushing
Allows nutrient recovery: faecal and urine matter.
Uptake often in areas with limited access to water or remote areas (e.g. parts of Africa,
National Parks in Australia). A successful example of urban application is the Choi Building,
University of Bristish Columbia, Canada which also incorporates greywater treatment (see
http://www.architecture.uwaterloo.ca/faculty_projects/terri/sustain_casestudies/edited/CKChoi-Building.pdf, see page 6)

Range of on-site and cluster treatment
Reduces pollutant loads
systems – can occur at a range of scales
from on-site to cluster (Massoud et al. 2009, Can provide diversification of water sources
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Application

Tools

Description

Benefits

Unep 2002).

Mechanised package treatment plants require specialised operation and maintenance

Constructed wetlands

Some technologies can be tailored for energy/biogas recovery in some cases.

Lagoons

Energy, land and maintenance requirements will depend on the technology.

Waste stabilisation ponds
Upflow sludge blanket(UASB)
Oxidation ditches
Trickling filters (sand, textile, media)
Rotating Biological contactors. Tolerant of
shock loads, produce reasonable effluent
quality (85% BOD removal) with short
retention times (Spuhler 2011, Persaud
1999)
Membrane biological contactors
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Table 8 - Performance of wastewater treatment plants in Brazil compared to literature values (Source:
Oliveira and Von Sperling 2011)
Effluent
parameter

Reference

BOD (mg/L)

Literature

a

Actual

b

%WWTPs>upper
value
COD (mg/L)

a

Literature
Actual

b

%WWTPs>upper
value
TSS (mg/L)

a

Literature
Actual

b

%WWTPs>upper
value
c

TN (mg/L)

a

Literature
Actual

b

%WWTPs>upper
value
TP (mg/L)

a

Literature
Actual

b

%WWTPs>upper
value
FC(MPN/100mL)

a

Literature
Actual

%WWTPs>upper
value

b

ST+AF

FP

AP+FP

AS

UASB

UASB+POST

40 to 80

50 to 80

50 to 80

10 to 40

70 to 100

20 to 80

74 to 575

86 to 176

54 to 133

16 to 58

67 to 129

13 to 63

89

96

57

31

30

0

100 to
200

120 to
200

120 to
200

30 to 120

180 to
270

60 to 200

159 to
1134

342 to
676

213 to
421

35 to 188

147 to
344

61 to 219

82

99

90

27

50

29

30 to 60

60 to 90

60 to 90

20 to 40

60 to 100

10 to 90

53 to 290

132 to
343

80 to 236

13 to 130

49 to 137

17 to 85

63

95

86

55

40

13

>20

>20

>20

>20

>20

15 to >30

37 to 84

25 to 48

26 to 69

12 to 33

36 to 60

-

100

90

100

50

100

-

>4

>4

>4

>4

>4

1 to >4

4 to 9

2 to 7

4 to 8

1 to 2

2 to 11

1 to 8

83

64

82

0

60

25

6

7

10 to 10
5

6

6

10 to
7
10

7

10 to 10

5

4

6

10 to
7
10
4

6

7

10 to 10
6

2

7

10 to 10
3

4 x 10 to
7
1 x 10

2 x 10 to
6
2 x 10

7 x 10 to
6
1 x 10

3 x 10 to
5
3 x 10

4 x 10 to
7
7 x 10

9 x 10 to 3
7
x 10

20

0

0

0

0

63

a

Note: Adapted from Arceivala (1981), WEF & ASCE (1992), Mara (2003), Metcalf and Eddy (2003), von
b
th
Sperling and Chernicharo (2005) in by Oliveira and von Sperling (2011) , Actual performance range shows 10
th
c
and 90 percentiles verified for WWTPs in Brazil (in Oliveira and von Sperling 2011), Actual TKN and TN values
(Oliveira and von Sperling 2011).
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5.3 Soft tools
This section examines soft tools used to promote water resource management around the world.
The tools presented are not exhaustive; we focus on three areas of application:
(i)
(ii)
(iii)

Demand side management (tools aimed at changing water use/consumption);
Capacity building; and
Decision-making support.

Demand-side management tools aim to change the way major water users (e.g. communities, city
residents; businesses and industries; and other users) think about and utilize water or waste. These
tools can be classified into two groups: ones that use money or other fiscal incentives as a means to
catalyze change, and ones that use other types of incentives. In this section, we focus only on a
subset of these (environmental education). Capacity-building tools, as well as data management
tools, focus on enhancing the knowledge-base and skills of individuals and groups working for the
industries, organizations and government agencies responsible for managing water resources.
Examples, functions and purposes of the tools are summarized in Table 9 -. Detailed descriptions are
presented in Table 9 - to 12.
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Table 9 -Soft tools for urban water adaptation
Application

Population
targeted

Classification

Demand-side
management

“Water
Non-financial or
users”/consumers: market based
People
instruments
(communities, city
residents, etc.);
businesses,
industries, or
other groups using
and/or having an
impact on water
resources
Market-based
instruments

Tools
Environmental education ( campaigns and
information provision)
Water restrictions and quotas
Non-market incentives for improved
water usage (“shame” lists, awards)

Discharge fees (including reduced fees)
Investment loans
Rebates
Head charge exemptions

Capacity building

Decision-making
support

Individuals and
Knowledge transfer
groups working for and skills
industries,
development
organizations, and
government
agencies
responsible for
managing water
resources

Individuals and
Data management
groups working for
industries,
organizations, and
government
agencies
responsible for
managing water
resources
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Exchange visits
Training (workshops, programs,
education programs, educational
materials)
Learning (postgraduate courses/degree,
distance learning)
Capacity building networks, partnerships
with sister organisations

Collection and analysis of high quality
data
Access to existing national and
international data/information
Matching data/information to
appropriate water managers and
decision-makers.
Management of beliefs regarding data
collection, analysis, sharing,
dissemination

5.3.1 ENVIRONMENTAL EDUCATION
Environmental education has been used for decades as a tool to change people’s attitudes towards
natural resources and to promote environmentally responsible behaviour. An extensive body of
research has demonstrated environmental education(via campaigns and information provision), in
combination with other tools, to be effective in influencing people to change their behaviour by
raising awareness and by reinforcing positive values, norms, and relationships (e.g. Howard and
McGregor 2012; Ryan and Rudland 2002). Environmental education has been used to address a
variety of water issues related to both water quality and water quantity.
Environmental education campaigns can be applied on a large scale (whole city of Makassar – e.g.
televised messages) and smaller scales (a particular neighbourhood, social group as shown in the
case studies).
Application of environmental education can range from small-scale, low-cost activities (articles/short
messages sent via e-mail and other social media) to larger-scale, more expensive events (street
parties/festivals). Which tools are selected for application and how depends on a variety of factors,
including cost as well as communication preferences and level of knowledge of those being targeted.
Specific examples are provided in Table 10 -.

Advantages
•
•
•

In some countries (e.g. Australia), education and information provision have been
effective in reducing water demand and reducing littering;
Have been shown to be effective in changing behaviours (e.g. throwing less garbage;
using less water)
Some tools are inexpensive (e.g. e-mail messages) and can reach a wide audience.

Disadvantages
•
•

Can be costly
Education campaigns may not necessarily result in changes behaviour (needs to be
applied in conjunction with other adaptation strategies such as technological tools for
conserving water, water use restrictions, marketing)

Benefits
•
•

Involving the groups in designing and implementing education campaigns can make them
more effective (more context-relevant materials produced, sense of ownership and pride)
Can lead to changes in behaviour that lead to reduced impact on water resources

Service/technical skills required depends on the tool used (e.g. use of social networking media and
the web requires some service and technical skills). Overall, environmental education campaigns are
fairly easy to develop and implement.
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5.3.2 DATA MANAGEMENT TOOLS: IMPROVING ACCESS TO AND USE OF DATA
Informed decisions about, and effective management, of water resources are founded on accurate,
credible and accessible information. This requires that information, particularly scientific data, is
properly managed so as to increase its access to and use by key water agencies and industries, and
managers (private and government), researchers/scientists, and policy-makers. Having easily
accessible and well-organised scientific data (along with other bodies of knowledge, e.g. local
knowledge) enables decision-makers and managers, in collaboration with scientists, to design the
most appropriate and effective water policies, regulations, and management actions. There exist a
number of data management tools that can improve access and use of data. These are shown in
Table 11 - and include:
(i)
(ii)
(iii)
(iv)

Converting data archived in paper-format into digital form;
Software and cyber-based technologies that enhance capacity to share data;
Membership in international water-related working groups/consortiums;
Development of agreements among government agencies, water industries, and research
institutions to share existing national and international data, and collaborate in the
collection and analysis of new data;
(v) Sharing of water data collection tools/technologies;
(vi) Capacity building: training in data management, and data collection and analysis (see
factsheet on capacity-building);
(vii) Data exchange tools between different stakeholders, such as phone systems and alert
system.
These tools are intended to facilitate the policy and management decision-making processes and, as
such, are targeted primarily at government agencies and their staff. They also extend to water
experts in the private industry and in research institutions.

Advantages
•
•
•

Some of the tools are simple (e.g. converting paper-based data into digital form) but are
time-consuming.
There exists a wide range of software packages and cyber-based technologies that have
been developed and tested internationally. Although many are costly to purchase there are
some that are open-source.
There is an initial high investment (costs and time associated with data management tools)
but these are balanced in the long-term with more efficient use of data and better
informed water management decisions.

Disadvantages
•
•

Can be costly (software, hardware, labour)
Capacity-building needed
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Benefits
•

•
•

Proper management of data, particularly large and complex data sets (such as in the case
of hydrological data), has been demonstrated to increase decision-makers’ and managers’
access to data. As a result, policy-makers and other water experts can make better
informed decisions and actions, leading to improved water management.
Agreements to share data may increase trust and collaboration among agencies, industries,
and individuals which, in the long-term, will facilitate water management.
See also Merz (2008) and Australian Government (2008).

5.3.3 CAPACITY BUILDING
A key challenge is developing the human resource potential of water experts. Trained and skilled
water engineers, hydrological experts, water resource planners and environmental specialists are
needed to help make informed decisions. One way of enhancing the knowledge and skills of water
experts is via capacity-building. Capacity-building tools revolve around organizing and facilitating the
exchange of capacities, experiences and relevant information.
Capacity-building tools tend to target small to medium groups of people (water experts). Some
capacity-building tools can be focused on highly technical information and skills. Capacity building
examples are summarised in Table 12 .

Advantages
•
•
•
•

There is a wide-range of capacity-building tools easily available online, including relating to
water issues.
The majority of tools have been tested in many different countries.
The tools tend not to be complicated to understand or implement.
Capacity-building tends to receive significant funding.

Disadvantages
•

Can be costly (university courses; exchange visits).

Benefits
•

Increases managers’ knowledge and skills thus enabling them to better conserve and
manage water resources.
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Table 10 -Educational tools and their application
Target
audience
Residents/
community

General
approach
Public
education
campaigns

Specific tools and application
Directly addressed mailed
materials (postcards, stickers,
letters, brochures, factsheets)

Scale

Examples

Large – medium (i.e.
whole city – specific
neighbourhoods)

Stormwater; Australia:
http://www.environment.nsw.gov.au/stormwater/casestudies/environed
n.htm
Groundwater, Australia:
http://www.subiaco.wa.gov.au/fileuploads/Ground%20water_for%20We
b.pdf

Public display materials
(posters, banners, waterfriendly creatures on
stormwater drains)

Large - medium

Television (media campaigns advertisements; issues
discussed in popular/widely
viewed shows – e.g. soap
operas, talk shows, cartoons,
news)

Large

Radio

Large

Anti-litter campaign, rivers; USA
http://water.epa.gov/scitech/swguidance/standards/training.cfm
Environmental issues, TV campaigns; China:
http://www.unescap.org/drpad/vc/conference/ex_cn_16_cew.htm
Biodiversity conservation, soap operas; Caribbean, Africa, Asia:
http://www.iucn.org/about/union/commissions/cec/?6978/Soap-operaspromote-conservation-and-biodiversity-in-16-countries
Water, Honduras:
http://www.globalgiving.org/projects/save-the-agua-de-angel-radiocampaign-in-hondura-1/

Social media (messages and

Large

Environmental issues, Facebook
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Target
audience

General
approach

Specific tools and application

Scale

images sent via email,
facebook, YouTube, etc.)

Examples
http://www.facebook.com/pages/National-Environmental-EducationFoundation/103047412975
Environmental issues, social media
http://abcee.org/workshop-resources/engaging-your-environmentaleducation-audience-using-social-media/
Water, Facebook:
http://www.facebook.com/franklinsoilandwater

“Museums”/exhibitions/kiosks

Small

Kiosks, reef protection, Guam:
http://coastalmanagement.noaa.gov/issues/pi_case_studies.html#3
Wetlands, Australia:
http://www.wetlandseec.schoolwebsites.com.au/

Travelling road shows

Small

Orangutan protection, Sumatra, Indonesia:
http://www.gafi4apes.org/wp-content/uploads/2009/05/sosreport05.pdf
KLH, South Sulawesi, “Everybody lives in a watershed” (see case study #)

Street events/parties; festivals

Small

Environmental issues; Ghana
http://www.bgci.org/education/article/345/
Water education, children; USA:
http://www.childrenwaterfestival.com/
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Target
audience

General
approach

Specific tools and application

Scale

Examples

Organised visits/walks to
specific locations (e.g. rivers)

Small

Bird conservation; USA:

Public presentations/talks
given by experts

Small

Workshops and hands on
interaction between experts
and community

Small-medium

Community capacity building in solid waste management at Kelurahan
Karang Anyar, Kota Makassar (PPE 2012)

Encouraging membership in
environmental, communitybased groups (local, regional,
national, global)

Small - medium

Clean up the world global campaign; global:

http://www.massaudubon.org/Nature_Connection/adultgroup.php
Water issues; USA:
http://www.eeweek.org/ask_an_expert

http://www.cleanuptheworld.org/en/Membership/learn-more---join-thecampaign.html
Clean up Australia day;
http://www.cleanup.org.au/au/CleanUpEvents/

Information
provision

Water efficiency labelling and
standards (WELS)

Medium - large

Water efficiency labelling Scheme; Singapore:
http://www.pub.gov.sg/wels/Pages/default.aspx
Water efficiency labelling Scheme; New Zealand:
http://www.mfe.govt.nz/publications/water/wels-introduction/
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Target
audience

General
approach

Specific tools and application

Scale

Examples
Water efficiency labelling water taps; Malaysia:
http://www.gov.hk/en/theme/bf/consultation/pdf/10002_en.pdf

Provide information to water
users on the costs and benefits
(economic and socio-cultural)
of water saving activities

Your water matters, recycled water for drinking; Australia:
http://www.citywestwater.com.au/documents/FINAL_Your_Water_Matt
ers.pdf
Water consumption, savings; UK:
http://www.ccwater.org.uk/server.php?show=nav.45
Watershed management in Sulawesi, Maluku and Papua - factsheet
Everybody Lives in a Watershed (Pengelolaan DAS di Sulawesi, Maluku
dan Papua (factsheet Everybody Lives in a Watershed) ( PPE Sumapapua
2012)

Children (&
indirectly
their
families)

School
education
program

• Reading and discussing
stories and other sources of
information (newspaper,
websites, factsheets)
• Writing stories
• Student show-and-tell
sessions
• Artwork activities
• Watching or developing
own puppet shows, theatre
and music programs
• School yard parties
• Organised visits/walks to
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Medium – small
(schools)

Water education, USA:
http://allianceforwatereducation.org/
Rain water harvesting campaign, Seychelles:
http://www.pcusey.sc/2nd%20National%20Communication%20on%20Cli
mate%20Change/2nd%20Natl.%20Comm.%20Reports/Water%20Sector/
Education%20Act4.pdf
Use of cartoon figures (reef protection), Guam:
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Target
audience

General
approach

Specific tools and application

Scale

Examples

specific locations (e.g.
rivers)

http://www.reefresilience.org/Toolkit_Coral/C7d2_Example2.html
Sustainability education, Australia:
http://www.environment.gov.au/education/aussi/index.html
Murray Darling water education program, Australia:
http://www.specialforever.org.au/
Water education toolkit; Australia:
http://www.environment.gov.au/water/education/
Other school focused education programs; Australia:
http://www.environment.gov.au/water/education/programs/index.html

Professional
groups and
small
businesses

Information
provision

• Articles in professional
newsletters
• E-mail messages

Small - medium

Environmental education for small business, Australia:
http://ro.ecu.edu.au/smag_pubs/2/
Watershed management in Sulawesi, Maluku and Papua - Determination
of water classification for local government agencies, South Sulawesi:
Pengelolaan DAS di Sulawesi, Maluku dan Papua (factsheet Penetapan
Kelas Air) (PPE Sumapapua 2012).

Commercial

• Directly addressed mailed
materials (postcards,

Small - medium

(see above)
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Target
audience

General
approach
campaigns

Specific tools and application

Scale

Examples

Examples

letters, factsheets)
• Organised visits/walks to
specific locations (e.g.
rivers)

Table 11 - Data management application and examples/locations
Target
audience
Water
‘experts’
[managers
(private
industry and
government),
researchers/

General
approach

Specific tools and application

Scale

Improving
access to
and use of
scientific
data

Conversion of data and reports
archived in paper format into
digital form

Small (one agency) to
large (all water-related
agencies and industries in
the region/country)

Data transfer formats and
software tools that are made
available for all to facilitate
uniformity and sharing of water
data

Large scale (across all
water-related agencies
and industries)

Water data, improving access and use, Australia:
http://www.bom.gov.au/water/newEvents/presentations/waterbriefing2
011/adelaide/water_data_tb.pdf

scientists,
policy-makers]
WDTF data transfer format (Australia):
http://www.bom.gov.au/water/regulations/wdtf/index.shtml
HYDSTRA software (Australia):
http://www.kisters.com.au/english/html/au/homepage.html
Example of open-source data sharing technology:
Hydrological Information System (HIS): http://his.cuahsi.org/
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MAKASSAR URBAN DEVELOPMENT PROJECT: IDENTIFICATION OF ‘SOFT’ ADAPTATION TOOLS
SAMANTHA STONE-JOVICICH
APRIL 2, 2012
Target
audience

General
approach

Specific tools and application

Scale

Examples

Online data sharing platforms
(access existing ones and/or
develop new one)

Large (international) to
country-specific

For examples of several existing data sharing platforms and tools see
International Water Management Institute (IWMI):

Membership in existing
hydrology working
groups/consortiums

Regional (Asia) to large
(international)

Open Geospatial Consortium (OGC) (international):

Data sharing agreements

Small (two/three
agencies) to large
(national, international)

Model data sharing agreement, Canada:

http://www.iwmi.cgiar.org/Tools_And_Resources/index.aspx

http://www.opengeospatial.org/projects/groups/hydrologydwg

http://www.ontla.on.ca/library/repository/mon/3000/10301262.pdf
Data sharing agreement, NSW, Australia:
http://www.marineparksaudit.nsw.gov.au/imagesDB/news/245.NRMMER
DataAgreement-finalsignedversion_lowres.pdf
Dial before you dig, Australia
http:// www.1100.com.au/default.aspx

Sharing of data collection
instruments (e.g. remote
monitoring and stand-alone
data capture technologies)

Capacity-building (training
people in data management

Water data, improving access and use via Modernisation Funds – for
groundwater, surface water, Australia:
http://www.bom.gov.au/water/newEvents/presentations/waterbriefing2
011/adelaide/water_data_tb.pdf
Small

(see factsheet on capacity-building)
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Target
audience

General
approach

Specific tools and application

Scale

Examples

skills)
Phone based alert systems

Bushfire alert system, Australia
https://bushfirealert.com.au/

Table 12 - Capacity building and their applications
Target
audience
Water
experts
(managers)

General
approach
Capacitybuilding

Specific tools and application
Exchange visits

Scale
Small (few
individuals -small
group of water
experts)

Examples
Climate change, senior government technical staff, Africa:
http://www.careclimatechange.org/files/reports/ACCRA_5_Case_study_
exchange_visits.pdf
Not water experts (women from communities), different water
management issues, international:
http://www.womenforwater.org/openbaar/index.php?alineaID=305
Water operators, Philippines and Australia:
http://www.scribd.com/doc/86309094/Water-Operators-Partnershipsin-Asia-Case-Study-1

Training workshops/programs

Small-medium

Australia:
Clearwater (urban water industry): http://www.clearwater.asn.au/aboutus/who-we-are

Postgraduate courses/degree
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Small – medium

(large range of postgraduate programs and courses available through
universities and technical colleges worldwide)

MAKASSAR URBAN DEVELOPMENT PROJECT: IDENTIFICATION OF ‘SOFT’ ADAPTATION TOOLS
SAMANTHA STONE-JOVICICH
APRIL 2, 2012
Target
audience

General
approach

Specific tools and application

Distance learning via virtual learning
centres

Scale

Medium

Examples

UN Virtual Water Learning Centre: http://wvlc.uwaterloo.ca/
Water Virtual Learning Centre (UNU-INWEH):
http://www.inweh.unu.edu/River/WVLC.htm

Capacity-building networks

Medium

Cap-Net, UNDP:
http://www.cap-net.org/

Educational materials

Medium

See Cap-Net for various training manuals

Funding for capacity building activities

Small

Australia Awards:

(e.g. scholarships)

http://www.ausaid.gov.au/scholar/default.cfm
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6 Case studies
This chapter provides case studies from South Sulawesi, Indonesia, and from Australia that exemplify the
use and implementation of soft and hard tools to improve sustainability and adaptation to urban and
climate pressures. Each case study was analysed using the following structure:
•
•
•
•
•

Objectives to be achieved;
Description of tool(s) adopted;
Implementation process;
Benefits and challenges;
Lessons learned.

The case studies are summarised in Table 13 -. They showcase a number of initiatives aimed at managing
water use, solid waste, increasing security of water supply through alternative sources, stormwater run-off
and flood prevention, sanitation and environmental improvement. The drivers for case studies in the two
countries differ and need to be considered when examining the cases.
Table 13 -Summary of case studies demonstrating the adoption of tools for climate and urban adaptation in South
Sulawesi, Indonesia, and Australia.
Case study

Scale

Features

“Everybody lives in a Watershed”,
Maminasata, , Indonesia

Targeted groups

Education campaigns with
factsheets aimed at promotion of
water shed conservation in South
Sulawesi and educating
government institutions to identify
water class in rivers.

Household waste management at
Neighbourhood
Kelurahan Karang Anyar, Makassar,
, Indonesia

Community education and capacity
building to reduce littering,
promote reuse and beneficial
recycling of waste to protect the
environment and improve public
health.

Waduk Tunggu, Makassar,
Indonesia

Development/city

Infrastructure (holding dam) to
reduce peak-flow run-off and
prevent flooding in residential
area.

Communal wastewater treatment,
Makassar, Indonesia

Neighbourhood

Cluster scale wastewater collection
and treatment and education
campaign to treat wastewater
discharged and protect the
environment and public health in
low income area.

Sydney Water Conservation
strategy, Sydney, Australia

City-wide

Adoption of range of soft tools to
promote demand and water
conservation. Tools used: targeted
education campaigns, partnership
of water utility and industry, public

“Identification of water class”,
Maminasata, , Indonesia
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awareness campaigns, water
restrictions, financial incentives ,
change in building codes
(legislation), new water sources,
development of new industry
standards (WELS), improvement in
operation of distribution,
diversification of water sources,
etc.
Parafield stormwater scheme and
the Adelaide Northern ring,
Adelaide, Australia

Three councils’ areas

Stormwater collection, treatment
and reuse using wetland, aquifer
storage and recovery and
construction of a distribution
pipeline for stormwater supply; to
increase water supply in dry season

Atherton Gardens, Melbourne,
Australia

Multi-storey residential estate

Rainwater harvesting and
collection, stormwater run-off
collection, greywater treatment by
subsurface wetlands and reuse for
garden irrigation. Raingardens and
landscaping used for stormwater
treatment before discharge to
drainage system.

Figtree Place, Newcastle, Australia

Residential cluster

Rainwater collection and treatment
and groundwater recharge for
supply of toilet flushing, hot water,
garden and for a neighbouring bus
depot. Complemented by
education campaign of residents
and installers.

6.1 Case Study 1 - Waste Management initiatives in Makassar city
6.1.1 BACKGROUND
In Indonesia, urban waste management consists of the collection, transport and disposal of solid waste to a
particular site (landfill), without any further processing In 2005 alone Makassar’s 1.3 million inhabitants
generated about 3546 m3 of waste per day (Banda Pusat Statistika 2006). Yet, the waste transported to
landfill only accounts for about 40% of the total waste generated (PPLH 2006).
In open landfills, buried municipal waste mounds decompose and emit the greenhouse gases carbon
dioxide (CO2), methane (CH4) and nitrous oxide (N2O).
On average 50kg of methane are generated for each tonne of solid waste produced. Methane gas can
increase the air temperature by about 1.3 degrees Celsius per year. Whilst nitrous oxide is 298 times more
effective at trapping atmospheric heat in comparison with CO2 and is a precursor to ozone depleting nitric
oxide (NO) and nitrogen dioxide (NO2) (Forster et al. 2007). CH4 and N2O also have long lives, lasting
respectively 12 and 114 years in the atmosphere (Forster et al. 2007).
The impact of CO2, CH4 and N2O on global warming measured in radiative forcing (RF) is respectively 1.66,
0.48 and 0.16 Wm-2 (equivalent to 1.4 x 10-5, 3.7 x 10-4 and 3.03 x 10-3 Wm-2 ppb-1). Radiative forcing (in
Watts per square metre) measures how the energy balance of the Earth’s atmosphere system changes
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when factors that impact climate change are altered (Forster et al. 2007, page 136). Positive RF values
indicate warming and negatives values cooling of the atmosphere.
As a rapid growing city Makassar will continue to accumulate waste and the amount of GHGs released into
the atmosphere will also continue to increase, increasing the rate of climate change.
The rate of waste generation in Makassar is overwhelming the existing waste management infrastructure
of the city of Makassar and the existing disposal sites (TPA) which are land-constrained further compound
the problem of urban waste management.
Some of the waste management issues in the City of Makassar are:
•

Non optimal waste management at household level, transfer stations and TPA: public awareness on
waste management is low. Public littering is a common practice, impacts public amenity and pollutes
the environment. Improperly discarded waste reduces the capacity and causes blockage of drainage
canals and other infrastructure;

• Limited facilities and infrastructure for waste management. There is a backlog of waste at the landfill
sites, and the city government is not able to manage the current volume of waste with its collection
fleet;
• Lack of participation of the private sector in hygiene management;
• Weak enforcement of legal sanctions for non-compliance and lack of rewards/awards in best practices
in waste management.
In view of these problems, the municipal government developed the Makassar City Green and Clean
Program. The initiative aimed to promote the 3Rs of waste management, namely Reuse, Reduce, and
Recycle, aimed to educate the community to separate organic and non organic waste, to compost organic
waste, to reuse waste materials, and to recover and sell plastic and metal waste of economic value.
In conjunction with the Centre for Regional Environmental Management Sulawesi, Maluku and Papua,
Ministry of Environment (PPLH Sumapapua PPE) and other project stakeholders, a program of capacity
building activities in integrated waste management directed at village communities was developed and
implemented in 2007.
We examine the implementation of the waste reduction programs from the perspective of two agencies,
the DPU and the PPLH, who were involved in the process. The case explores the overall strategy adopted
for the initiative and examines in particular the implementation process conducted in the village of Karang
Anyar.
Changing community attitudes towards waste disposal and management is a powerful mean to reduce
solid waste pollution, to improve the well-being of communities and improve the overall sustainability of
urban living. This case study demonstrates how community education and investment in waste separation,
minimisation and recycling can result in waste reduction, beneficial reuse and income generation leading to
a more sustainable living.

6.1.2 OBJECTIVES
Waste management through the 3R program, was collaboration between municipal and provincial
government agencies, the Unilever Foundation, PT. Media and local and international non-governmental
organisations. It aimed to implement the environmental program “Green and Clean” in fifty-two locations
within the city of Makassar. Majority of the locations selected for the waste management trials were
alongside primary drainage canals. The program aimed to reduce solid residential waste disposal on land
and waterways by changing public behaviour in the handling of waste and by providing skills and training to
promote beneficial reuse.
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6.1.3 TOOLS
The initiative adopted a range of interconnected programs that employed a combination of soft and hard
tools. These included:
•
•
•

Education campaigns, community consultation and capacity building through extensive training and
follow-up (programs A and B);
Seed funding for equipment and residential infrastructure;
Creation of a waste bank, a community building which received selected inorganic waste. The
waste was weighted and the bank paid a sum based on the value of the waste collected.

6.1.4 IMPLEMENTATION STRATEGY
The implementation program aimed to achieve: (i) Promotion of the importance of environmental
cleanliness; (ii) Development of a partnership with the community on activities that could be carried by or
handed over to the community; and (iii) Development of a partnership with the private sector on waste
transportation, transfer to depot and final disposal.
The local government with the assistance of local and international NGOs surveyed and selected target
locations for implementation of the program using integrated waste management pilot sites (PST).
Kelurahan Karang Anyar was one of the locations selected for a community PST. Karang Anyar, in the
Mamajang district, covers an area of 0.20 km2 and has a population of approximately 5000 people, who
earn their livelihoods as rickshaw drivers, day labourers, tempeh makers, civil servants and private
employees. Two of the four neighbourhoods in the district were chosen as locations for the integrated
waste management training.
At the selected sites the government and NGOs campaigned to promote environmental awareness and
education at local level.
Once the program received buy-in from community leaders, it was disseminated to the local community at
the various locations. If the public dissemination of results was received positively by the community, and
the community was willing to take part in the program, further investment was made in training the
community leaders and the community on waste management.
This was achieved through direct education campaigns to the community to promote awareness about the
environmental-friendly management of solid waste, the economic value of waste, teaching on methods and
examples of waste management, such as Takakura composting, the manufacture of goods (bags, photo
frames and decorative lights) from scrap materials, sale of valuable waste under a waste bank system, and
the reuse of items to green the environment in the settlement.
The detailed implementations steps are described in the following sections.

Selection of pilot sites
Selection of the case study sites was based on:
• Strategic location: pilot sites had to be in the centre of the city, in densely populated areas and without
access to landfill;
• The population had to have some awareness of the need for a healthy and clean environment;
• Citizens worked together in a spirit of cooperation and the site was well-maintained;
• The population had a relatively low income level and could benefit from additional income generation;
• Identification of well respected role models in the community who could act as leaders in the
implementation of the programs.

Preliminary assessment
Baseline conditions of the village were assessed prior to the design of the implementation program. The
assessment indicated that the community fulfilled the selection criteria:
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• Wastewater/stormwater drainage in the area was in good condition and that wastewater was able to
flow despite of the presence of rubbish in the drainage ways. This indicated that some awareness about
solid waste management existed in the community and could increase with further environmental
awareness education.
• Residents did not sort waste and hence were not aware of the concept of waste sorting. All the waste
was placed in sacks or rectangular bins made from bamboo.
• Three quarters of the locations in the two neighbourhoods practised greening, i.e. paint cans and drinks
bottles were reused as plant pots. This indicated that the community had some understanding of the
concept of re-use.
• The majority of the population in the village earned livelihoods as pedicab drivers and day labourers,
hence the program could generate additional income for residents.

Workshop on Community Empowerment in Waste Management
Community consultation was conducted via workshops. These aimed to:
• Understand the community and explore the potential for development of waste management
awareness;
• Help people to realize the extent of environmental problems associated with waste disposal practices;
and
• Encourage community participation, and increase the community’s willingness to take an active role in
waste management by reducing the amount of waste generated and promoting 3R.
The workshop identified the following needs:
• To establish three working groups: Environmental Planning, Public Awareness and Economic
Empowerment working group, to guide and ensure the long-term viability of the program;
• To increase community capacity by providing training on how to reuse and recycle waste products into
products with a commercial value;
• Financial investment/seed money: the community was willing to act, but it did not have the capital nor
support facilities required to do so. Therefore, the project provided basic facilities and infrastructure to
support the community-based PST. These included compost bins, waste materials, seedlings of ornamental
plants, a wheelie bin, a concrete slab and a sewing machine to make handicraft products from recycled
plastic waste; and
• Need for a recycling centre, i.e. a venue that would accommodate the products generated through 3R.

Organic waste management program
• Community education: Village community associations, especially women, received training on waste
segregation and management;
• Each household was given a compost bin for organic waste (Figure 2a). The compost generated could be
used by each household based on their needs/desires, such as for the cultivation of ornamental plants;
• Community revegetation program: promoted the planting of vegetation in flower pots around house
boundaries to improve the aesthetics of the area (Figure 2b). This was conducted as most dwellings had
narrow yards with limited space for gardens; and
• Training in the manufacture of goods using recycled waste products.
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(a)

(b

Figure 2- (a) Compost bin for organic waste and (b) cultivation of ornamental plants as part of the greening initiative
(Source: Dinas PU 2009).

Skills Training in Waste Utilization
Community groups were trained in composting, growing nursery and medicinal plants and recycling of
paper and plastic (Figure 3). Communities were also taught skills such as using recycled waste to make craft
products (Figure 4).

Figure 3 - Training session and example of Takakura composting (Source: PPLH Sumapapua, 2007)

Figure 4 - Training session on use of recycled materials for manufacture of household goods and examples of goods
manufactured (Source: PPLH Sumapapua, 2007 and Dinas PU 2009 ).
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Workshop on Quality Improvement of Waste Management in the village
A follow-up workshop was conducted to improve the production process and the quality of the
handicrafts of produced in Karang Anyar. This aimed to increase the marketing potential of the craft
produced and to reinforce the message of waste management and recycling as clean, beautiful and
desirable.

Capacity Building / Transfer of knowledge from the PST to other Village Residents
Karang Anyar residents developed teaching materials and shared their experiences on waste segregation,
plant breeding, composting and manufacture of products from recycled materials with residents from other
locationsError! Reference source not found.. The knowledge transfer activity aimed to develop the
residents’ capacity to manage their local environment and also to motivate them to take on a lead role in
furthering environmental management to other areas.

6.1.5 BENEFITS
•
•

•
•
•
•

The project established a recycling centre managed by the Karang Anyar community, which also
houses the production of recycled products;
Improved amenity: Changes were noticed in the village after the program implementation. The
houses and streets in the neighbourhoods of Karang Anyar were cleaner and greener as the
community applied the 3R principles jointly with the PST. The community began to separate the
compostable and non-compostable waste and to use the compost for vegetation planting.
Residents started to produce handicrafts using discarded materials, creating bags, tissue holders,
slippers, purses and other items that had a commercial value;
The amount of solid waste discharged decreased. As a result the volume of waste going to landfill
disposal and to waterways decreased;
Production of an organic fertilizer from household organic waste that could be used for the
cultivation of plants around the house;
Residents generated additional income from sale of handicrafts;
Showcase: The community-based PST program in Karang Anyar proved to various parties that
integrated waste management was the right strategy in waste management in urban areas. The
project received public recognition and a number of awards including the RW 04 champion and
RW03 Runner up in the competition for the Makassar Clean Green and Clean (MGC) Award 2008 on
August 23, 2008. Karang Anyar has been visited by various government officials from Makassar city
and other localities, by residents from other villages, by business leaders and school groups. The
project has been covered by the mass and electronic media.

6.1.6 CHALLENGES
•
•
•

A number of properties in the pilot area lacked the space in their yards to accommodate a
composter;
Identifying on-going markets for the handicraft products is still challenging;
Waste management is still a challenge across Makassar.

6.1.7 KEY LESSONS
•

Buy-in and participation of the community was essential to the initiative. The community was
involved in every stage of the activities, from planning to implementation of activities and this
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•
•
•
•

contributed to the sustainability of the program. The community involvement increased the sense
of ownership and acceptance of the program, because the community could understand the need
for and benefits the program offered;
Setting target dates for milestones provided a realistic deadline for each stage of implementation
and reinforced accountability;
Knowledge transfer: Giving people the opportunity to pass on knowledge or skills gained to the
other parties created additional motivation for innovation and encouraged further skill
development;
Changing people's behaviour requires a long time, requires monetary investment and message
repetition and reinforcement. Monitoring and evaluation of each stage was crucial to evaluate
progress;
A key lesson was the need for various groups to work collaboratively to implement the program.
The collaboration of various parties/stakeholders was essential to promote the program and
market its products. Important stakeholders included the community and its leaders, government
agencies, ngos and the mass media that disseminated the program and are also key to support
future programs.

6.1.8 PARTICIPATING INSTITUTIONS
•
•
•
•
•
•
•

Satu Kerja Pengembangan PLP Prov Sulawesi Selatan;
Dinas Kebersihan dan Pertamanan;
LSM Peduli Negeri Kota Makassar;
LSM Care International;
Seksi Sanitasi Dinas Pekerjaan Umum Kota Makassar;
Lembaga Pemberdayaan Masyarakat (LPM);
Kader Pendidikan Kesejahteraan Keluarga (PKK).

6.1.9 CONTACTS
•
•

Dinas PU Kota Makassar
PPLH Sulawesi Selatan
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6.2 Case study 2: Education campaigns “Everybody lives in a watershed”
and “Determination of water classes”
6.2.1 BACKGROUND
Rapid economic development is contributing to land degradation and biodiversity decline in many places in
Indonesia. With the increased incidence of climate-related disasters such as floods, landslides and
droughts, river basin management becomes very important as an adaptation strategy to face climate
change and support livelihoods.
The autonomy of local government in watershed management is complex because not all local
governments understand the concept of ecosystem-based watershed management. The active involvement
of interested parties (stakeholders) in a watershed can build a sense of ownership, promote sustainable
watershed use and help protect the resources. Therefore, watershed management must involve many
parties, including government, private, and community sectors.
The awareness and the ability of individual stakeholders to preserve the ecosystem of a watershed is low in
Indonesia. Rivers are often littered with garbage and waste from various sources, contributing to siltation,
blockages, pollution of the river and deterioration of water quality so that the river itself is damaged
ultimately harming the environment and people's livelihoods.
Lack of awareness, limited capabilities and limited stakeholder participation in watershed management,
reinforce the need for education or awareness campaigns on the management of important watersheds.
Recognizing this, Sumapapua PPE (2009) created as information resources, two fact sheet series:
"Everybody lives in a watershed” and "Determination of water class". The first campaign aimed to provide
information to the public about the importance of maintaining watershed ecosystems, and what the
community can do for the preservation of watersheds. The second factsheet was designed with
information for local governments on how to set a framework for sustainable river basin water
classification and preservation.

6.2.2 OBJECTIVES
Objectives for making the fact sheet “Everybody lives in a watershed” were to:
•
•
•

Provide knowledge to the public about the economic, ecological and social aspects of a watershed
and its preservation;
Provide knowledge on what can be done to preserve a watershed ecosystem; and
Promote awareness of the importance of maintaining all watersheds, because a healthy watershed
is vital to sustaining the local economy and the environment.

Objectives for making the fact sheet “Determination of water class” were to:
•
•
•

Encourage local governments to perform the assessment of water classification;
Inform local governments about the rules and policies relevant to the mandate of local
governments to make the determination of water class;
Promote awareness of local government obligations on maintaining water quality to meet clean
water needs for the community.
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6.2.3 TOOLS
Factsheet no.1 “Everybody lives in a Watershed” comprised four pages containing the following
information: (i) why it is necessary to the protection of the watershed, (ii) what things can threaten the
sustainability of watersheds, (iii) what can be done to maintain continuity / sustainability of the watershed.
This fact sheet was intended for local governments, private sector, NGOs, community and society
education. It is shown in Figure 5.
Factsheet no.2 “ Determination of Water Class” consists of four pages containing information about (i) the
need for determination of the water class, (ii) how to determine the water class, (iii) who is responsible for
determining the water class. The main audience for this factsheet was the provincial and district local
government. It is shown in Figure 6.

6.2.4 IMPLEMENTATION
Fact sheet no.1 was distributed at technical meetings with the assistance of the Provincial Government and
regency / town governments; and at policy dissemination activities held by the PPE Sumapapua, such as
during the launch of new laws on Environmental Protection and Management.
Factsheet no.2 was also distributed at events organized by the PPE Sumapapua, such as technical meetings,
events with local government promoting environmental laws, regulation or policies. Distribution was within
the work area of PPE Sumapapua (Maluku, Sulawesi and Papua) and targeted at local government.
The printing costs were relatively small and distribution of costs were insignificant, because the distribution
of fact sheets occurred in conjunction with scheduled technical activities, meetings or activities organized
by the PPE Sumapapua program.
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Figure 5 - Factsheet “Everybody lives in a watershed” pages 1 to 4.
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Figure 6 - Factsheet “Determination of Water Class” pages 1 to 4.
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6.2.5 BENEFITS
Effective dissemination of the message in the factsheet was expected to generate the following benefits:
•
•
•
•
•

Ecological preservation and environmental benefits;
Awareness of communities on how to maintain the watershed, so that the quality and quantity of
water needed by the community are met / maintained;
Watershed ecosystems can be maintained and GHG emissions reduced;
Healthy rivers and lakes that will provide food (fisheries) for the community,
The availability of water of quality and quantity that meets the needs of the community and can
guarantee public health, reducing health expenditure.

6.2.6 CHALLENGES
Not all industry, households or businesses are willing to treat wastewater before discharge into the
various waterways, because this constitutes an additional expense. It is a current need and a
challenge to work on subsequent communication campaigns that will specifically target the
industrial and trade segments .

6.2.7 KEY LESSONS
•

•

•
•
•

In general, the factsheet "Everybody Lives in a Watershed" reached the intended audience, but
because the target audience was very broad, the information presented was not specific nor
detailed enough. Hence, PPE recommended future follow-up with other print media containing
information targeted to specific audience segments, for example to industry and trade sectors, on
the maintenance of watersheds;
The Factsheet "Determination of water class" was a continuation of a Series of factsheets on
watershed management. However, the information was also too general, as the audiences targeted
were both the provincial and local governments. So the factsheet needed to be complemented by
technical assistance to local governments on how to conduct water quality measurements for the
determination of class of water;
Another lesson was that as there was no evaluation after the distribution of the factsheets, the
success of the dissemination campaign was not measured. And follow-up is difficult to implement
due to limited resources;
Consider other distribution channels, e.g. sheet number 1 can be distributed at yearly construction
exhibition events in Makassar;
Before preparing any media material we should do a preliminary survey to determine the level of
public knowledge about a topic / issue to determine the message and the level of detail required
on the topic. However, this step is often ignored, making the message less effective.

62 | Tools for urban water management and adaptation to climate change

6.3 Case study 3: Communal treatment of residential wastewater
6.3.1 BACKGROUND
Blackwater and greywater are a serious problem for water agencies responsible for neighbourhood and
primary drainage, coastal waters and groundwater in the city of Makassar. To reduce the pollution caused
by residential wastewater discharge communal wastewater treatment plants (IPAL communal) are being
constructed in vulnerable areas with poor sanitation.

6.3.2 OBJECTIVES
The purpose of IPAL communal is to treat household wastewater before discharge into drainage canals,
thus reducing the spread of harmful bacteria and pollutants that damage the aquatic environment and
impact public health through spread of diseases caused by poor environmental conditions at low income
settlements (e.g. dengue fever, diarrhoea, Typhus, etc).
The high level of sewage pollution in the city of Makassar is observed in the water in the primary drainage
canals, which is generally black in colour and has a strong odour (Figure 7 - ). Water samples from the
canals had bacterial contamination averages of 100 MPN E.coli per Litre, which exceed the Indonesian
maximum environmental standards of 2 MPN E.coli per litre by a factor of 50.

Figure 7 - Drainage canal contaminated by residential waste in Makassar city (Source: Dinas PU 2012)

6.3.3 TOOLS
•
•
•

Installation of residential wastewater collection and treatment at communal wastewater treatment
unit;
Education of residents on wastewater disposal;
Residential wastewater (blackwater and greywater from the bathroom, WC / toilet, kitchen) flows
through a pipe connection from each dwelling to a control pipe and then into a primary pipe carrier
to the communal WWTP inlet (Figure 8b). After the treatment process the effluent exits the tub
outlet, and is disposed into rivers or nearby primary drainage.

Each communal wastewater treatment unit consists of a large tank that uses biofilter technology to
promote the biological decomposition of organic matter, and which will produce wastewater effluent that
is safe for the environment by reducing contaminants by up to 90%. The biofilter tank uses biological
anaerobic and aerobic processes for wastewater decomposition.
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The biofilter tank components are an Imhoff tank, an anaerobic biofilter tank, and an aerobic biofilter tank
(Figure 8a).
The bacteria responsible for the decomposition are facultative Eco-Bact bacteria developed by experts from
IATPI (Dinas PU 2012). These bacteria are introduced in the bio-filter through a process of acclimatization
and optimal growth conditions, which ensures maximum bacterial growth for the anaerobic decomposition
process. Laboratory testing of the effluent generated shows compliance with the requirements of the
quality standards No. 112 ( 2003) set by the Minister of Environment, which must not exceed the following
parameters: pH 6 – 9, maximum concentrations of 100 mg BOD/ L, 100 mg TSS / L and maximum 10 mg oil/
L.

(a)

(b)

Figure 8 – (a) Biofilter tanks for wastewater treatment at the communal WWTP; (b) Wastewater collection system
from household to communal WWTP (Source: Dinas PU 2012)

6.3.4 IMPLEMENTATION
The construction of the IPAL communal was prioritised in areas in close proximity to primary drainage
canals and slums settlements in Makassar. In 2011 eight locations were identified, and future expansion
plans are being developed subject to financing through loans, budget or corporate social responsibility
budget (Figure 9). In 2012 plans have been prepared for further construction at 50 locations through
various programs of Drinking Water and Sanitation in Makassar.
Each Communal IPAL system is built to serve between 40 to 100 households, depending on land availability
and environmental conditions in the surrounding settlements. Every household in the city of Makassar is
estimated to house an average of 4-6 people, so the IPAL communal system is currently designed to serve
on average ± 3040 people.
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Villages with IPAL communal

Figure 9 - Locations for construction of the IPAL communal in the city of Makassar(Source: Dinas PU Kota Makassar
2012)

The IPAL communal systems were built through community empowerment and consultation, where the
community determined the location and participated in the planning, construction, maintenance and
management. From the early stages until the end of the execution, the project was built by people from the
local community assisted by Field Facilitators who served as the driving force; and field supervisors who
provided the institutional management for the construction and post construction phases of the project.
The costs required for the construction of each system of communal IPAL varied with the condition of the
underserviced areas, population numbers and building density, the number of biofilter tanks required, the
physical and geological condition in each area. In Makassar, the construction of a system that services
approximately 100 households costs Rp. 500 million to Rp. 600 million (A$ 50,280 to 60,340) - excluding the
cost of land purchase for the IPAL tanks. The land was usually community land, public land or land granted
for public facilities and social amenities. Funding for the construction of Communal WWTP came from the
Provincial Budget and from donor countries, such as AusAid.
For operation and maintenance, each home connection pays a fee of about Rp. 5 thousand to Rp. 10
thousand/d (A$ 0.5 -1) per household.
The agencies responsible for the building and implementation of the communal WWTP were the Public
Works Department, responsible for technical advice activities, the Public Health Service officers, who
carried out advocacy and promotion of Clean and Healthy Behavior (PHBs) in the community and the
Regional Environment Agency (BLHD), which conducted the monitoring of the effluent from the output of
the test outlet. In addition, the Agency for Community Empowerment (Badan Pemberdayaan Masyarakat)
was responsible for education and capacity building in the community.

6.3.5 BENEFITS
The communal WWTP is expected to reduce pollution of groundwater and surface waters caused by
domestic wastewater and to improve the environmental sustainability of settlements. Uptake of communal
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IPAL facilities and infrastructure will facilitate the control of domestic wastewater in the housing area,
because the waste will be managed centrally using a piped infrastructure system.
At some of the densely populated slum areas, homes do not have access to an open sewer. Instead
household wastewater was discharged on the land at the downstream neighbouring property. Therefore
the buried wastewater system can help reduce the conflict among community members whose homes are
adjacent to each other.
The community felt that after the introduction of the infrastructure for wastewater management, there
was a reduction in the number of water puddles around the settlement which has also reduced the number
of mosquitoes . This is expected to improve the community health and welfare particularly for low-income
communities.

6.3.6 CHALLENGES AND LESSONS
• Community behaviour
The major challenge faced by the government in the development of the communal WWTP was changing
people's behaviour. Residents were used to pay very little attention to the way they disposed of
wastewater and often disposed of it indiscriminately over land. For the project, they were required to
behave in a healthier manner by discharging wastewater only into the household waste collection facilities
and infrastructure that had been built. To implement such behaviour changes required a long period of
education and advocacy.
• Land availability
Acquisition of land for the construction of the communal WWTP, took a very long time, because of the
difficulty in finding land that meets the necessary technical requirements in the high density urban
settlements in the city of Makassar.
• Land morphology
The geophysical and terrain conditions in Makassar are relatively flat, with shallow ground water, easily
affected by high tides. This increased the complexity of the design of the wastewater collection network.
Some communities were not able to implement pumping for wastewater management, thus requiring
instead a gravity system. For such conditions the low slope of the flat terrain did not allow the construction
of a large and long network.

6.3.7 PARTICIPATING INSTITUTIONS







Dinas Pekerjaan Umum (Seksi Sanitasi)
Team Fasilitator Masyarakat (Koordinator, Tim Teknis, Tim Penyehatan Masyarakat)
Team Kelompok Kerja Air Minum dan Penyehatan Lingkungan (AMPL)
Camat / Lurah (Pemerintah setempat)
Ikatan Ahli Teknik Penyehatan Lingkungan Indonesia (IATPI)
Badan Keswadayaan Masyarakat (BKM) / Kelompok Swadaya Masyarakat (KSM)

6.3.8 FURTHER INFORMATION
Dinas Pekerjaan Umum (Seksi Sanitasi) Kota Makassar
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6.4 Case Study 4: Stormwater runoff management using a holding dam
(regulation pond) for flood prone areas in Makassar City

6.4.1 BACKGROUND
The increasingly rapid urbanization in the City of Makassar is characterized by a rapid rate of settlement
growth and high population density. The construction of residential settlements, roads and other
associated land use infrastructure will also increase the impermeable surface area and as a consequence
the amount of surface runoff and the risk of flooding in the area.
In highly populated areas, as in most of the city of Makassar, the volume of surface runoff is high, which
would require construction of drainage of large dimensions for run-off removal. Because these areas
generally have high population density, the land available to expand drainage channels is limited and
sometimes insufficient for stormwater release.
Given the difficulty of land acquisition to construct additional drainage facilities and infrastructure in dense
urban areas in Makassar, one alternative was to build a holding dam (or regulation pond), Waduk tunggu,
which to date has provided excellent flood control. The holding pond consists of a reservoir placed in an
area upstream of the area to be protected (as shown in Figure 10).

Figure 10 - Location of Waduk Tunggu (regulation pond) in Makassar (Dinas PU 2012)

6.4.2 OBJECTIVES
A flood control facility to prevent downstream areas (usually urban) from the risk of flooding.
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6.4.3 TOOL
The pond functions by holding the water during the peak flows (through a spillway) and releasing it again
into the channel (through a sluice door and / or water pump) after the rainfall subsides.
The storage capacity in the original design plan was 1.32 million m3, but the operating capacity is 1.1 million
m3 due to land acquisition problems. The spillway length is 150 m with a discharge capacity of 126 m3/s.
Construction consists of compacted soil lined with reinforced concrete.
The sluice door consists of two gate pieces that span 5m wide by 3.1 m high and which can divert total flow
at 42 m3/s. It uses three submersible pumps, each with capacity of 2 m3/s. An automatic trash rack and
screen removes floating trash and debris from an intake channel prior to the pump. The rack capacity is a
maximum of 4800 kg/ day. A belt conveyor system, is used for transporting waste from the Automatic
Screen Trash rack directly to the storage area where the waste is removed by truck.
Under heavy rainfall events most of the discharge water is collected into this reservoir and stored, after a
while the water is released through a spillway (pelimpah building) which allows the water to be released
slowly through the existing drainage channels and prevents flooding (Figure 11a). When the water overflow
stops, the water in the pond exits the drainage channel through a sliding door (Sluice Gate) by gravity
emptying the pond. Thus the reservoir is ready to receive the next high rainfall (flood) event.

Figure 11 - (a) Holding pond and its complimentary building; (b) Sluiceway (Source: Dinas PU 2012).

6.4.4 IMPLEMENTATION
The pond was built by the Parent Project River Region (PWS) Jeneberang from 1997 to 2000, contractors
included PT.Wijaya Work, with supervision by CTI Engineering Co. Ltd. in association with PT. Virama work,
and DDC PT.Indra Consultants.
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6.4.5 BENEFITS
• With the holding pond, the municipal authorities avoided the need to enlarge drainage channels which
would have required further land acquisition in urban areas. This also allowed a shorter residence time for
water in downstream discharge than if the holding pond had not been built;
• The pond allowed the development of freshwater fisheries and recreational fishing;
• The pond assists in groundwater conservation;
• It improves the value of the land and of downstream settlements, as the risk of flooding is reduced and
can further infrastructure can be developed, such as the construction of hotels, roads, electricity,
telephone, water, etc.

6.4.6 LESSONS
• Construction of intermediate and temporary storage offered the potential for flood prevention and
control;
• This measure requires large land availability. It can be harder to implement in areas constrained by
existing development.

6.5 Case Study 5: Sydney water strategy (Metropolitan Water plan)
6.5.1 BACKGROUND
Evaluation of future water needs for the state of New South Wales, Australia, based on historical water
demand patterns revealed that water shortages would occur in the future, as a result the State established
targets for water consumption for Sydney which included a bulk water intake reduction of 25%. The 20112016 Sydney Water Conservation strategy (Sydney Water, 2010) was developed for the city of greater
Sydney to guarantee security of supply into the future.
Driven by the need to reduce future water intake, Sydney Water Corporation, the water and wastewater
utility, conducted a review of its future operations. Along with the community’s input, the review involved
complex modelling and analysis to identify a portfolio of measures that could deliver water security into the
future. The water planners took account of a range of factors, including achievements to date, advances in
technology, updated population projections, rainfall and dam inflow scenarios, results of climate change
research, cost effectiveness analysis, and social and environmental impacts.
The portfolio analysed different combinations of existing and new water supply and demand measures to
identify the mix that provided water security for people and for the environment at the least cost. The
challenge included preparing for extreme drought. The modelling had to ensure that the water supply
system could withstand a drought more than twice as severe as the prolonged drought in greater Sydney.
The final result was the 2011-2016 Water Conservation strategy (Sydney Water 2010).

6.5.2 OBJECTIVES
The 2011-2016 Water Conservation strategy (Sydney Water 2010) for greater Sydney developed a set of
targets for 2015:
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•
•
•

Reduction of Sydney’s water needs by 25%;
Recycling of 70 gigalitres per year for supply of 12% of Sydney Water needs;
Reduction of drinking water usage to equal or less than 329 litres per person per day by 30 June
2011, this represented the total water use by residential, business, government sectors and water
losses. Such objectives were made mandatory through the operating license for Sydney Water,
which also set water conservation requirements to be undertaken by the entity: promotion of
water efficiency programs, consideration of such programs in future planning and promotion of
production and use of recycled water (Sydney Water 2010). The basis for estimation of the water
demand for Sydney is described in Sydney Water (2011).

6.5.3 TOOLS
The strategies adopted by Sydney Water to achieve the water savings included a diversified portfolio of
initiatives including: (i) leak reduction in distribution, (ii) recycled water and (iii) water efficiency programs
and (iv) regulatory measures.
The programs adopted to achieve the targets included a range of tools such as :
•
•
•

•

•
•

Leak reduction and rapid management programs;
Partnerships with industry for water efficiency maximisation;
Regulation demanding increased water efficiency in new and renovated dwellings (BASIX) and
promotion of adoption of high efficiency water use appliances. In New South Wales, every
development application for a new home needs to obtain a BASIX (Building Sustainability Index)
Certificate (BASIX 2004). BASIX uses a rating tool that favours lower potable water and energy use
(www.basix.nsw.gov.au).
Water efficiency programs were widely promoted and adopted multiple tools: subsidies for water
efficient appliances (showerheads, toilets, washing machines), financial rebates on rainwater tanks
and free advice on outdoor garden watering, free installation of water saving devices
(showerheads, water flow regulators, toilet cistern arrestors) and repair of minor leaks for
customers.
Diversification of water sources and investment in recycled water infrastructure;
Implementation, monitoring and review: during the implementation process, programs were
reviewed annually and priorities re-evaluated to direct investment towards tools that could deliver
the best results in the future (Sydney Water 2009, 2011, 2012).
The implementation progress and water savings associated with the various initiatives over the
time period is shown in Figure 12 - . The figure shows how initial efforts focused on activities under
the control of the water utility and over time the emphasis shifted to include initiatives targeting
wider segments of society, initially the residential and business sectors, and finally how regulatory
measures were implemented at later stages (after 2006).

6.5.4 BENEFITS

•
•
•

The outcomes of the 2011-2016 Water conservation strategy are summarised in Table 14.
Highlights included:
The 329 litre per person per day target has been achieved and surpassed with consumption down
to 309 litre per person per day (Sydney Water 2010).
The largest savings came from programs that optimised operation – such as the leak reduction
program which was responsible for 25 percent of the total water savings.
Savings attributed to the BASIX program up to 2010 have been estimated at 5.9 gigalitres or 6
percent of the total water savings achieved. BASIX was expected to generate a third of water
savings for 2011 to 2015 (Sydney Water 2010).

70 | Tools for urban water management and adaptation to climate change

•

Savings attributed to these programs were estimated at 3 gigalitres per year in the initial period
from July 2006 to June 2009 and levelised at 0.9 gigalitres per year from July 2009 to July 2010.

Figure 12 - Water savings achieved by Sydney Water since 1999 (Sydney Water 2011)

Table 14 - Outcomes of water saving initiatives
Initiative

Water saving (GL)

Water saving(%Total)

Basix

5.9

6

WELS

7.8

8

Recycled water savings

10.8

11

Programs’ savings

71.5

73

(leak management 24)
Other recycling schemes

2

2

Total

98

100
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6.5.5 KEY LESSONS
•
•
•

•

•
•

The Strategy adopted was part of a state wide plan for reduction of water consumption and its
execution required the collaboration of multiple government agencies: water utility, state planning
authorities, municipal government, national standard authorities, among others;
Multiple tools were required to achieve the objectives, including a mix of soft and hard tools
intended to promote short, medium and long timeframe results;
Leakage management was a highly effective strategy responsible for 25 percent of water savings.
This reflects the experience of water authorities in other places: Manilla reduced water losses from
63 percent to 30 percent in 10 years which resulted in enough water to connect 148,000 urban
poor households (ADB 2007 in Schouten and Halim 2010);
Engagement in a long term strategy required long-term planning with adoption of programs that
were implemented in stages. The outcomes of each program were monitored checked against a
range of objectives and intermediate milestones for verification of effectiveness (over a period of
15 years). Regular monitoring and review of programs was a key feature to gauge effectiveness.
Monitoring also aided in adjusting the level of investment in programs during the implementation
stage;
Policy development and schemes were coordinated with wider national/state policy and initiatives
(e.g. Basix, WELS);
To achieve the implementation of the programs the water utility developed partnerships with
multiple customers and stakeholders, such as industry small and large), residents, schools and
community buildings. A number of the programs were developed to address specific stakeholder
needs.

6.6 Case Study 6: Parafield stormwater scheme and the Northern
Adelaide ring scheme
6.6.1 BACKGROUND
Water supply for the city of Adelaide, South Australia, comes from the river Murray, groundwater and
rainfall catchment reservoirs. However, given future projections of decreased rainfall and stream flows for
the Murray river, the government of South Australia, embarked on a program of diversification of water
sources to increase the security of water supply for Adelaide. One of the alternative water supply schemes
being implemented is the Northern ring Project. The project is an alliance of three local government
agencies: Salisbury, Playford and Teatree Gully, funded by State government and private partners and
supported by the Natural Resources Management boards. The initiative is aimed at the collection and
treatment of stormwater throughout the councils’ area through use of wetlands. The stormwater collected
will be stored in 13 aquifer storage and recovery (ASR) sites, linked via a 23km distribution main, with
capacity for 1.2 million litres per year. The stormwater network will be constructed with the capacity for
potential connection to existing water treatment plants or to water storage reservoirs.
The project is an extension of initial trials conducted at the Parafield Stormwater scheme by the City of
Salisbury. The Parafield Stormwater capture scheme was a demonstration project that investigated the
feasibility of stormwater capture, treatment with wetlands and aquifer storage and recovery for sale to
industrial and private customers for non-potable uses.
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6.6.2 OBJECTIVES
•
•
•
•

To increase diversify water supply sources for the north of Adelaide;
To reduce dependence on the river Murray for water supply;
To reduce vulnerability to seasonal water supply;
To reduce stormwater run-off and sediment loads into waterways.

6.6.3 TOOLS
•
•

•
•

Stormwater collected and treated using urban wetlands and aquifer storage;
Storage of treated stormwater in 13 ASR schemes across the councils’ area, with water injection in
the wet season and extraction in the dry season for distribution and use for outdoor irrigation and
industrial uses. An aquifer storage treatment and recovery trial will be investigated by CSIRO to
determine optimum conditions for storage and recovery;
Hydrological modelling to predict annual average runoff from regional catchments;
Domestic rainwater tank for rainfall harvesting and reuse.

6.6.4 EXPECTED BENEFITS
The scheme will allow:
•
•
•
•
•
•

Increased security of water supply during the dry season, with an expected recycled stormwater
yield of over 12.1 gigalitres per year in 2010 (Department of Sustainability, Environment, Water
2012);
Reduced vulnerability to seasonality of water supplies;
Flood and environmental protection: sediment loads previously discharged into the bay will be
reduced by 40 tonnes per year of pollutants with treatment of the stormwater;
Groundwater recharge: 5 gigalitres per year to existing over used aquifers;
Environmental management and amenity creation: stormwater treatment areas will provide
habitat and promote biodiversity and will be developed as recreational amenities for the public;
New revenue source to councils from sale of the stormwater.

6.6.5 LESSONS
The preliminary trial conducted at the Parafield wetlands had stormwater treated via wetlands and ASR for
reuse by local industrial customers and for irrigation of public open space and schools (City of Salisbury,
undated, a, b). The trial was important as proof of concept on the feasibility of stormwater recovery and
ASR storage. Lessons from that trial and others formed the basis for the development of extensive
legislation, technical and management guidelines for stormwater reuse, ASR selection, operation and
management and also opened the way for increasing the acceptance of stormwater reuse in society
(Pavelic et al. 2009, Dillon et al. 2009).
•

•

Individual technologies: managed aquifer recharge (MAR) such as ASR (where injection and recovery
occur at the same well) (Figure 13) and ASTR (Aquifer storage transfer and recovery: where water in
injected in one well and recovered from a different well) have been shown by previous researchers to
be effective technologies to improve groundwater recharge and also decrease vulnerability of supplies
subject to seasonality.
Development of the schemes requires the collaboration of multiple stakeholders: government (local
authorities, health regulator, environmental regulator), researchers and utilities for development.
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•

Research and monitoring is required to fill gaps in understanding and to verify if performance complies
with initial projections.

Figure 13 - Example of an Aquifer storage and recovery system in a confined aquifer (Source: Dillon et al. 2009;
NRMMC, EPHC and NHMRC 2009).

6.7 Case 7: Atherton Gardens
6.7.1 BACKGROUND
Atherton Gardens is a high rise residential development built in the 1970s in Fitzroy, Melbourne, Victoria,
Australia (Figure 14). The development has four high rise tower blocks, each with 20 floors, and houses
approximately 3000 people in 800 units. The case description has been adapted from Diaper et al. (2007).
In view of water restrictions and the drought in Melbourne, the Department of Human Services, who
manages the building, wanted to find alternative and sustainable options for management water and
stormwater in the building area. The site has been modified to reuse greywater from communal laundries,
stormwater run-off from a car-park and rainwater for garden irrigation (Department of Human Services
2011).
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Figure 14 - View of Atherton Gardens(Adapted from Diaper et al. 2007)

6.7.2 TOOLS/FEATURES
The technologies adopted on the site included:
•

•

•

•

•

•

Rainwater harvesting: rainwater was harvested from a roof area of 470m2 on one of the towers.
The rainwater was collected and stored in a 45 kL tank in the basement of one of the buildings.
Rainwater from the tank passed through a filter and was used for drip irrigation of a 4000m2 garden
area. The rainwater tank was able to supply 75% of the water needs during the year.
Rainwater attenuation: rainwater from one of the down pipes of a building was diverted into a
bioretention tank and a sand filter (12m2) to feed a raingarden made of crushed glass, sand and
plants which treated the water before discharge into the municipal stormwater drainage system
(Figure 15). This improved the quality of the stormwater before discharge and provided a pleasant
garden feature.
Stormwater run-off treatment: Stormwater run-off from a multi-storey car park was collected using
a downpipe diverter connected to an oil interceptor, a 55m swale and a 10m long sandy soil
bioretention system, before discharge into stormwater drainage. This reduced the amount of
sediment in the run-off, improved the quality of the water discharged and created an attractive
landscape feature.
Greywater from communal laundries (total 40 washing machines) located at each floor of one of
the buildings was diverted to a treatment system comprised of a lint separator, a detention tank, a
gross pollutant trap, and a clay lined wetland with subsurface feed (Figure 16). The water collected
was used to irrigate the garden.
Tenants of the buildings had been involved in the project since the early stages through
consultation and information sessions. The tenants had been supportive. Information provided
included a list of environmentally friendly detergents that was provided to the tenants association
to minimise impacts on the subsurface wetland.
The system was designed for minimum maintenance and the major requirement is maintenance of
the garden and lint removal from the trap.
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Figure 15 - Raingarden for treatment of rainwater before discharge to stormwater drainage system. (Adapted from
Diaper et al. 2007)

(a)

(b)

Figure 16 - Greywater treatment system (a) gross pollutant trap and (b) subsurface wetland used for treatment of
greywater (Adapted from Diaper et al. 2007).

6.7.3 BENEFITS
•
•

•

Water savings: 2.5 million litres of water per year (Department of Human Services 2011).
Pollution reduction: the system prevents the discharge of 17000 litres per day of greywater (from
washing machines) to waterways. It treats 1.2 million litres of stormwater per year, removes 250 kg
of sediment per year and 2.2 kg of nitrogen per year from stormwater. The Raingarden treats
130 000 litres of stormwater per year, the car park treats 1.1 million litres per year (Diaper et al.
2007).
Improvement in garden amenity and community space for residents.

6.7.4 LESSONS
•
•
•
•
•

Greywater allows continuous water supply for gardens even in dry periods.
The projects evaluated the whole life cost and social, environmental and economic benefits. Initial
costs were high, but long term benefits including externalities compensated the investment over
the life of the development.
The project is being heavily documented and monitored.
Significant efforts had to be made to educate contractors to understand the configuration of the
plan and to ensure that they followed the planned designs.
Approvals: at the time of implementation there had been no previous projects with similar
features. As a result, there was an absence of legislative and policy frameworks for the project and
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government agencies demanded a very rigorous approvals project including back-up systems and
rigorous monitoring and sampling to examine water quality.

6.8 Case Study 8: Figtree Place
6.8.1 BACKGROUND
Figtree place is a housing development located in Newscastle, New South Wales, Australia. The
development was a demonstration project on the harvest of rainwater and stormwater run-off, which are
treated and reused for selected indoor uses (toilet flushing and hot water), outdoor irrigation and also sold
to a neighbouring bus depot nearby for bus washing (Coombes 2000a).

6.8.2 OBJECTIVE
To examine the potential for rainwater harvesting and reuse in an urban development located on an area
of 0.6 hectares with 27 homes and a density of 45 units per ha.

6.8.3 TOOLS/FEATURES
•

•
•

•
•

•
•

Rainwater is collected from the roof using stormwater pipes and directed to 5 underground tanks
(Figure 17a and b). One rainwater tank is shared between every 4-8 houses. A first-flush pit
separates the first 2 mm of rainfall, which carry pollutants. A reinforced concrete box placed over
fibre reinforced concrete pipe contains a screen to filter debris and a baffle to separate the first
flush from inflow to the raintank, water retained upstream of baffle infiltrates through holes in
base of box to pipe and soil. Rainwater tank overflow discharges to gravel trenches for
groundwater recharge. Each rainwater tank has a capacity of 9-15 kL. Rainwater is used in-house
for hot water and toilet flushing after pasteurisation.
Stormwater runoff from paved areas, lawns and gardens infiltrates a central Detention Basin
Recharge Area (250m2 depression with 70mm overlay of gravel enclosed in geofabric).
Pumps with pressure cells supply rainwater from tanks to hot water systems and for toilet flushing,
fail-safe systems include a second pump in case of failure and solenoid to switches to mains supply
if inadequate water pressure, electricity failure or low water level is detected; dual reticulation and
backflow prevention devices are used to isolate from mains supply
Groundwater drawn from a bore in the recharge area is used for irrigation within the site and for
bus washing at the adjacent bus station. The water can be treated with activated carbon for colour
removal.
Flood protection: the system is designed to contain 83% of runoff for all events up to and including
a 1 in 50 year event (surface runoff from seven units in north east corner passes directly to
conventional system). Floods of greater magnitude will flow overland to the street at northern
boundary and pass into conventional drainage system
Extensive monitoring conducted as part of a PhD project by Dr. Peter Coombes.
Rainwater tanks, hot water systems and mains supply are monitored monthly for faecal coliforms,
total coliforms, heterotrophic plate counts, pseudomonas, DO, temperature, pH, BOD, electrical
conductivity, colour, total phosphorus, nitrogenous compounds (NOX), chlorides, salinity, total
solids, giardia, cryptosporidium. Rainwater tank levels, groundwater levels and rainwater quality in
tank monitored every six hours. Groundwater colour and contaminant levels regularly monitored.
Water table, infiltration rate and quantity of runoff were also monitored.
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•

Provision was made for conversion to conventional practices (i.e. can revert to mains supply)
should water quality fall below accepted levels or drought occur.

(a)

(b)

Figure 17 - Overview of water sensitive features at Figtree Place: (a) Aerial diagram; (b) Major water features
(Source: Coombes et al. 2000a)

6.8.4 BENEFITS
•
•
•
•
•
•
•
•
•

60% reduction of total piped water use in Fig Tree;
System supplies 50% in-house needs (hot water, toilet flushing, all domestic irrigation), 100%
domestic irrigation needs, 100% bus-washing demand;
External water use savings of 2.5 million litres per year;
Stormwater quality and flow management;
No Stormwater discharged from the site since completion;
No conclusive data on contaminant movement;
Provision of affordable housing;
Improved understanding of design issues;
Analysis suggests that the redevelopment is cost-effective when considered as a component of
urban infrastructure that has reached capacity.

6.8.5 CHALLENGES
•

•

Risk that water retention practices might produce a groundwater mound compromising the
structural integrity of homes, as well as creating unacceptably wet conditions in local backyards and
gardens; conversely dispersed recharge with extraction from a central well could lead to significant
drawdown of groundwater near extraction point - modelling showed that existing groundwater
levels would be preserved except at the recharge region where drawdown may be experienced
during the dry season in Summer.
Site was highly contaminated with PAH, TPH, heavy metals, pesticides, oil and grease which
required remediation prior to development, as there was potential for undetected contamination
of groundwater, residents' irrigation supply and leaching to locations downstream that could have
affected off-site users of the groundwater. As a precaution, if the groundwater quality fell below
acceptable levels, the raintank overflow and the runoff arriving at the central recharge area were
diverted to the Bus Station drainage system.
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•

Potential for health problems resulting from ingestion of unsanitary water collected from roofs and
used in hot water systems. If health standards were not met, the hot water system could convert to
piped water supply. Other measures included signage at hot water taps to alert of rainwater supply
and tenant education on rainwater use.

6.8.6 LESSONS
•
•
•
•

•
•
•
•
•

Savings in stormwater infrastructure due to stormwater volume reduction
Poor construction of underground tanks compromised water quality of underground tanks.
Construction practice can be optimized and designs improved in hindsight.
Early involvement of approval agencies is necessary. Significant delays during development stage
were caused by approval agencies – due to concerns that project was not economically viable and
that dual reticulation was not compliant with Australian Standards and that contamination of mains
supply could occur; there was no institutional framework for acceptance of WSUD design principles
at the time.
Delivery method plays crucial role in success or failure of innovative projects
Imperative that standard of design documentation for novel techniques be above average
Early involvement of constructing contractor who is sympathetic to project innovations
Survey of tenants revealed significant acceptance of in-house use of rainwater collected from roofs.
Water treatment processes of flocculation, settlement and bioreaction appeared to occur in
rainwater tanks. Combination of rainwater tank and hot water system seemed an effective process
that produced water of potable quality in that case study.

6.8.7 PROJECT PARTNERS:
Local Council
Australian Federal government “ Better Cities” programme
NSW department of Housing
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6.9 Discussion
Examples were presented of case studies in Indonesia and in Australia where a range of hard and soft tools
were adopted for the development of water and wastewater infrastructure aimed at overcoming site
limitations (e.g. lack of infrastructure or scarcity of water), at increasing the resilience and long-term
viability or urban development (e.g. waste management, stormwater treatment, watershed protection) –
improving their sustainability in response to climate change and urban development.
The examples included initiatives at a range of scales (neighbourhood, community, development, city).
They were demonstration projects which trialled new technologies or concepts or projects with established
technologies or concepts introduced to users unfamiliar with them. Both types required change in mindset
or behaviour for implementation to occur. The degree of complexity of each project varied, as did the
coordination needs. Majority of the projects however were seeded with small initiatives to start with.
Whilst the case studies differed in context, tools, scale and objectives; they highlighted some common key
lessons:
(a) Need to determine baseline and understand background prior to project strategy and
implementation: evaluating the level of knowledge and the background conditions of the target
audience is essential to tailor programs and implementation strategies to increase the rate of
success. This was observed in the case studies of “Karang Anyar”, “Everybody lives in a watershed”,
“Sydney Water strategy” and “communal wastewater treatment”, where understanding of the
context allows targeting of initiatives to the interests and level of knowledge of residents, industry
or officials.
(b) Monitoring and follow-up: was essential to determine the effectiveness of initiatives after
implementation, to verify if there was need for adjustment troubleshooting, reinforcement of key
messages and to support the program progress in the long-term. Majority of the case studies,
which involved implementation of technology or of soft changes, required some readjustment in
the implementation process. This was particularly true for the implementation of new technology
as unforeseen problems can arise and can be improved. For instance in the case of Atherton
Gardens, the greywater treatment system was initially being frequently clogged with lint from the
washing machines, this was resolved by addition of a lint screen to the line. Monitoring also
improves the understanding of long-term maintenance needs and costs. Hence, monitoring needs
to be considered during the budgeting process as well.
(c) Partnership among government, private, ngo and community: allows the sharing of resources and
better utilisation of skills and expertise of individual agencies in a more effective manner to achieve
common or related goals. To achieve such level of collaboration and trust between agencies there
is need for the active networking and communication between agencies and stakeholders. In the
case studies of “stormwater recovery” and “Figtree place rainwater harvesting” and “Atherton
Gardens” the project leaders had to also prove to key government agencies and stakeholders that
the technologies could work through pilot and demonstration projects– the openness and attitude
of government agencies it allowing the trials to proceed was important to achieve the success of
the projects .
(d) Community/stakeholder involvement and buy-in to ensure sustainability of program: in the longterm majority of the case studies except the “waduk tuggu” required a change in behaviour by the
community regarding their waste or wastewater disposal or water use practices, or in the
maintenance of the systems and hence required the collaboration of the community to be
successful – this applied both to Indonesia and Australia. To achieve on-going collaboration the
case studies have shown that it is important to involve the community in the process of decisionmaking and implementation, and to also keep them informed about the progress and
achievements of each program.
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(e) Detailed implementation procedures: all case studies required a change from norms, therefore
implementation programs had to focus on why changes were needed, what changes were required
and also to detail and show how change had to happen step by step during the process.
(f) Mix of economic, capacity, education resources is required for implementation: a key feature in
each of the case studies that were successful was the development of an implementation strategy
that considered both technical and non-technical elements (understanding the problem,
prioritisation, focus of leadership, political issues, enabling environment, political issues,
preventative maintenance and technical knowledge). Hence it is important to include capacity
building and education of community and stakeholders even in projects that are technology based.
(g) Need for dissemination of good stories and also of lessons: to encourage change it is important to
share good stories to inspire others (e.g. Karang Anyar, stormwater recovery) and also lessons and
challenges from each project to improve future initiatives (e.g. “Everybody lives in a wastershed”
advice to follow-up with targeted information for specific groups, Figtree Place advice on water
quality risks due to pollution and risk of groundwater impacts). A number of the Australian schemes
did not initially perform as intended and had to undergo a period of verification and adjustment to
ensure that original objectives were being met – which led to learnings from each project.
(h) Easier to implement new infrastructure at design stage than in already built developments.
In all the case studies education and dissemination of information was a key tool in the strategy to
promote change and to implement a technology or a strategy. Information is also key in climate change
adaptation as it allows people and institutions to develop strategies and change attitudes and behaviour.
(i) Holistic approach: the case studies in Australia saw water features in a holistic context (links
between rainwater, stormwater, wastewater and environmental impacts and reuse opportunities.
Case studies in Indonesia, increased sustainability and environmental protection by highlighting the
links between personal behaviour and outcomes/impact on environment, living conditions and
eventually livelihoods. A holistic approach is particularly required when implementing projects in
low-income or disadvantaged areas in terms of considering water access, sanitation and
stormwater interdependency and also the implications of any schemes to livelihoods and the
capacity (finance, motivation, skills) for communities to maintain such schemes in the long-term.
The selection of tools in each case study had to be based on the particular context of each case, i.e. target
community needs, level of resources, limitations).
It is not expected that objectives and technologies from Australian case studies will be directly transferable
to the context in Makassar given the different range of challenges and constraints. But both countries are in
are in search of processes for sustainable solutions and the ability to adapt to climate variability and
population growth.
An important component in each of the case studies in the two countries was the need for education of
residents and stakeholders (government and industry) to create environmental awareness. This required
the understanding of the target audiences and also collaboration with multiple stakeholders for the
implementation of services in a sustainable manner. The level of understanding of target groups was a key
component in both countries when it came to project implementation. This challenge is particularly
important in Indonesia, where the general level of environmental awareness in the community is low.
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7 Conclusions
A range of soft and hard tools were introduced in this publication. These tools provide a snapshot of the
wide range of tools currently adopted in various parts of the world for improving the sustainability of water
and wastewater services in urban areas. The tools show solutions that can cover a range of scales from
individual household to larger scale development or societies and that are applicable for a wide range of
purposes. References are provided for those interested in investigating them further in the Appendix.
The review of tools and case studies show an increasing prevalence of decentralised solutions adopted in
conjunction with centralised solutions. Decentralised solutions require higher levels of participation and
collaboration between stakeholders for their maintenance and upkeep compared to centralised solutions.
One of the key lessons derived from the literature and the case studies are the importance of changes in
community and stakeholders mindsets for the implementation of sustainable services. Soft tools in
particular are being increasingly recognised for their power and impact in promoting increased resilience in
communities and in improving attitudes towards environmental protection and livelihood protection.
Increasingly stakeholder participation is required to achieve sustainable practices.
The examples from the Sydney Water strategy and also from Karang Anyar show the difference that soft
tools can have when aiming for increased sustainability.
From the case study analysis the key learnings in tool implementation were:
•
•
•
•
•
•
•

Identify key objectives that need to be achieved, e.g. solid waste reduction, less water use.
Develop an understanding of the context or baseline of the intended target or case study area or
audience;
Identify constraints and opportunities that will impact objectives ;
Strategies for achieving required objectives may often require multiple tools, both hard and soft;
Tool selection needs to be context specific. Outcomes from tool adoption can often vary when the
tool is applied in different contexts, hence some initial verification and investigation is likely to be
needed to determine appropriateness of any tools;
Technological solutions need to be supported by soft tools - consider in particular the role of soft
tools to achieve your objectives;
Monitoring and evaluation post-implementation is also required to ensure that tools are being
effective or to verify if adjustments or additional support are needed to achieve the program
objectives in the long-term.

Overall, a range of information sources and examples can be found all over the world on tool adoption and
the authors would like to encourage readers to make use of the information sources and references listed
here to gain further insight.
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A.1

- Additional recommended web sources

Topic

Open source references

Capacity
building

For general web sources on capacity-building in integrated water management, see the
following:
UNDP’s Cap-Net: Capacity Building for Integrated Water Management (international):
http://www.cap-net.org/
http://www.cap-net.org/node/847
http://www.cap-net.org/node/1263
Center for Water Sensitive Cities (Australia):
http://www.watersensitivecities.org.au/programs/capacity-building-for-wsc/
http://www.watersensitivecities.org.au/resources/publications/

Greywater
reuse
Managed
aquifer
recharge

Pacific Institute report (USA)
http://www.pacinst.org/reports/greywater_overview/greywater_overview.pdf
Intro to Managed aquifer recharge - benefits, issues, and economics..
Dillon, P., Pavelic, P., Page, D., Beringen H. and Ward J. (2009) Managed Aquifer Recharge: An
Introduction, Waterlines Report No 13, Feb 2009,
http://archive.nwc.gov.au/__data/assets/pdf_file/0011/10442/Waterlines_MAR_completeREP
LACE.pdf.
Guidelines on Health and Environmental aspects of MAR
NRMMC, EPHC, NHMRC (2009). Australian Guidelines for Water Recycling, Managing Health
and Environmental Risks, Volume 2C - Managed Aquifer Recharge. Natural Resource
Management Ministerial Council, Environment Protection and Heritage Council National Health
and Medical Research Council. Jul 2009, 237p. http://www.ephc.gov.au/taxonomy/term/39
Example of risk assessments according to MAR Guidelines
Page, D., Dillon, P., Vanderzalm, J., Bekele, E., Barry, K., Miotlinski, K. and Levett, K. (2010).
Managed aquifer recharge case study risk assessments. CSIRO Water for a Healthy Country
Flagship Report, Dec 2010, 144p.
http://www.clw.csiro.au/publications/waterforahealthycountry/2010/wfhc-MAR-case-studyrisk-assessments.pdf
A natural resources management (water allocation) policy framework for MAR.
Ward, J. and Dillon, P. (2011). Robust policy design for managed aquifer recharge. Waterlines
Report Series No 38, January 2011, 28p. http://archive.nwc.gov.au/library/waterlines/38
An update on progress with MAR in Australia.
Parsons, S., Dillon, P., Irvine, E., Holland, G. and Kaufman, C. (2012). Progress in Managed
Aquifer Recharge in Australia. National Water Commission Waterlines Report Series No 73,
March 2012, SKM & CSIRO, 107p. http://archive.nwc.gov.au/library/waterlines/73
An earlier more detailed report on relevant NRM policies in each Australian jurisdiction that
relate to MAR
Ward, J. and Dillon, P. (2009) Robust Design of Managed Aquifer Recharge Policy in Australia.
Report to National Water Commission. CSIRO, Water for a Healthy Country National Research
Flagship Report to National Water Commission, Apr 2009.
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http://www.clw.csiro.au/publications/waterforahealthycountry/2009/wfhc-MAR-policydesign-milestone3.1.pdf
An early report on ASR opportunities in Bandung Basin
Fildebrandt, S., Pavelic, P. Dillon, P. and Prawoto, N. (2003). Recharge enhancement using
single or dual well systems for improved groundwater management in the Bandung basin,
Indonesia. CSIRO Land and Water Technical Report 29/03, May 2003.
Further information on MAR - from Intl Assoc of Hydrogeologists Commission on MAR:
www.iah.org/recharge.
At this website you can download papers presented at ISMAR5 (Berlin 2005), ISMAR6 (Phoenix
2007), and ISMAR7 (Abu Dhabi 2010) –paper cover technical aspects of a variety of MAR
operations.
Rainwater
Harvesting

Rainwater harvesting (UNEP)
http://www.unep.org/Themes/Freshwater/PDF/Rainwater_Harvesting_090310b.pdf
Sourcebook of Alternative technologies for freshwater augmentation in some countries in Asia
(UNEP)
http://www.unep.or.jp/ietc/publications/techpublications/techpub-8e/index.asp#1
Rainwater harvesting in Australia
http://www.arid.asn.au/publications
http://www.bvsde.paho.org/CDGDWQ/CasosEstudiosPSA/report42_WQ_health_risks_rainwater.pdf
Reports on rainwater system design in Australia, search for report 39 in:
http://www.wqra.com.au/publications/document-search/

Recycled
water

Australian guidelines for safe use of recycled water (Environment Protection and Heritage
Council)
NRMMC, EPHC, AHMC (2006). Australian Guidelines for Water Recycling, Managing Health and
Environmental Risks (Phase 1). Natural Resource Management Ministerial Council, Environment
Protection and Heritage Council, Australian Health Ministers’ Conference. Nov.2006, 415p.
Uniquest (2008) Recycled Water Quality: A guide for to determining, monitoring and achieving
safe concentrations of chemicals in recycled water – Review prepared for the Environment
Protection and Heritage council (EPHC), the National Water Commission and the Queensland
Government by the National Research Centre for Environmental toxicity (ENTOX), Toxikos and
the university of New south Wales, Uniquest, May 2008
http://www.ephc.gov.au/taxonomy/term/39

Water
sensitive
urban
design
(WSUD)

Please note that techniques and technology adoption require tailoring to local climatic, soil and
environmental conditions and hence technologies adopted in different climates may not
necessarily be directly transferable to the indonesian conditions..
Introduction of WSUD concepts at Melbourne Water website, Australia
http://wsud.melbournewater.com.au/content/wsud_key_principles/wsud_key_principles.asp
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Stormwater management US EPA
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/upload/region3_factsheet_lid_esd.pdf
Stormwater harvesting in Australia
http://www.urbanwateralliance.org.au/publications/UWSRA-tr9.pdf
WSUD principles, technology examples and design framework example illustrated in Water
Sensitive Urban Design Technical Manual for the Greater Adelaide Region, Government of South
Australia (2010) – which was developed specifically for South Australia, Australia:
http://www.sa.gov.au/upload/franchise/Housing,%20property%20and%20land/PLG/WSUD_cha
pter_1.pdf
http://www.sa.gov.au/upload/franchise/Housing,%20property%20and%20land/PLG/WSUD_cha
pter_2.pdf
http://www.sa.gov.au/upload/franchise/Housing,%20property%20and%20land/PLG/WSUD_cha
pter_3.pdf
Wastewater Composting toilets case studies USA and Canada
http://www.clivusmultrum.com/green-building-bronx.php
http://www.cityfarmer.org/comptoilet64.html
Collection systems - Pressure sewers case studies in Australia
http://www.pressuresewerservices.com.au/case_study2.pdf
Book on managing onsite and cluster decentralised systems (USEPA)
http://www.epa.gov/owm/septic/pubs/onsite_handbook.pdf
Wastewater treatment technologies (UNEP)
http://www.unep.or.jp/ietc/publications/techpublications/techpub-8e/index.asp#1
http://www.unescap.org/pdd/prs/ProjectActivities/Ongoing/Water/Muntinlupa/Muntilupa_Full
_Final%20picture.pdf
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