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Introduction to the problem

• Location of Greater Sydney
• General perception
• Challenges today
• Methods to fight against drought in 

Sydney
• Reducing the dependence on 

stormwater supply



Australia

Location of Greater Sydney

Location of Greater Sydney



Sydney’s water crisis

Warragamba dam storage is low in 2019 (Western Advocate, 2019) Warragamba's water reserves was dry and contaminated (Coë, 2019)



Two significant drought in past 20 years

Greater Sydney storage level profile 2000-2020 (NSW 
Department of Planning and Environment, 2022)

Average inflows to Sydney storages since 1909 (NSW 
Department of Planning and Environment, 2022)



Ongoing population growth increases the demand

Forecast of water consumption with population growth 
(NSW Department of Planning and Environment, 2022)

Projected demand for water to 2060 (NSW 
Department of Planning and Environment, 2022)



Methods to fight against drought in Sydney

Sydney could need new additional rainfall-independent water supply as early as 2026/27 



Reducing the dependence on stormwater supply



General opinion about DEWATS

• Small scale
• Flexible
• Natural-based
• Low energy consumption
• High autonomy in management

• High requirement of the site condition
• Hard to monitor
• Unstable treated water quality



Project location -
Campbelltown

• Campbelltown in administrative layers
• Strategic importance 
• The largest city centre
• Campbelltown now



Campbelltown in administrative layers

The location of the sites in three administrative layers



Strategic importance of 
Campbelltown LGA in 2040

• Two metropolitan centres and a 
metropolitan cluster

• Largest urban renewal area
• Foundation for land release of the 

Greater Macarthur area
• Future transportation node

Strategic importance of 
Campbelltown LGA in map, 
adapted from Campbelltown City 
Council (2020b)



Campbelltown now

(Google, 2019)

(Google, 2019)

(Google, 2019)



Campbelltown now

(Google, 2019)

(Google, 2019)

(Google, 2019)



Campbelltown now

(Google, 2019)

(Google, 2019)

(Google, 2019)



Theory

• Introduction to domestic wastewater in 
Australia

• The constituents targeted for treatment
• Concept of Decentralised wastewater 

treatment system (DEWATS)
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Introduction to domestic wastewater in Australia

How much water is used in your home?
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Illustration of the typical modules in DEWATS 
and their performance (Harvey et al., 2017)

COD: Chemical oxygen demand
BOD: Biochemical oxygen demand
TSS: Total suspended solids

Concept of Decentralised wastewater treatment system 
(DEWATS)

• Septic tank
• Anaerobic reactor (ABR)
• Subsurface flow wetlands 

a) Vertical flow (VF)
b) Horizontal flow (HF)
c) Vertical flow + Horizontal flow 

(VF + HF)
• Surface flow wetlands
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Concept of Decentralised wastewater treatment system 
(DEWATS)
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The levels of decentalisation and centralisation treatment, adapted from Rocky Mountain Institute (2004)



General research aim

The general aim for this project is to explore and experiment how the implement of 
decentralised wastewater treatment system (DEWATS) for different population 
density contributes to water re-use in Campbelltown. Meanwhile, understanding 
the upper limit for urban sprawl based on the gap between water supply and 
consumption.



Research question

Main question: How to implement nature-based Decentralised Wastewater System 
(DEWATS) as a means to facilitate water re-use for future household in 
Campbelltown?

- Q1: Can the design be applied to different urban densities equally well?
- Q2: What are the treated water quality required for different purposes of reuse?
- Q3: What are the spatial requirements and synergies for the selected DEWATS 
system in the case study area?
- Q4: How can the existing infrastructure and landscape participate in the case 
study area?
- Q5: How can the interventions contribute to the resilience of the water system in 
other parts of the Greater Sydney region?



Analysis and site overview

• Densification scenarios
• Area requirement for DEWATS in 

Campbelltown
• Spatial analysis
• Conceptual framework
• Site overview
• Open green space and building 

situation in the target sites
• Vision and current residential 

development of the target sites



Densification scenarios

High density: Flats in a 
block of 4 or more storeys

Separate houseMedium density: Flats in a 
block of less than 4 storeys, 
Semi-detached dwelling

Dwelling types in Campbelltown

Illustration of housing types, adapted from 
Campbelltown City Council (2020b)
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Densification scenarios

Population growth

Moderate (Implied figure based on 2021 forcast): 256,041 in 2036

High (expected figure from the city council): 275,778 in 2036

Low scenario (Implied figure based on 2016 forcast): 233,150 in 2036

26

Numbers of different types of active dwellings 
in Campbelltown in 2021, data from 
idcommunity (n.d.)



Area requirement for DEWATS in Campbelltown

• Septic tank
• Anaerobic reactor (ABR)
• Subsurface flow wetlands 

a) Vertical flow (VF)
b) Horizontal flow (HF)
c) VF + HF

• Surface flow wetlands

key modules

Best treatment quality



Overview of the water system in Campbelltown

Overview of existing water network in Campbelltown



Conceptual framework



Conceptual framework

Highlight of design elements



Site overview

City centre corridor 
with three sites
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Map showing the three sites for detailed design, adapted from Google Earth (2023)
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Open green space in Leumeah Centre
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Buildings in Leumeah Centre
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Open green space in Campbelltown Centre
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Buildings in Campbelltown Centre



Design concept

• Functional design of the integrated 
wetland system

• Main direction of SF development for 
each target site and for the overall 
area
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• Septic tank
• Anaerobic reactor (ABR)
• Subsurface flow wetlands 

a) Vertical flow (VF)
b) Horizontal flow (HF)
c) Vertical flow + Horizontal flow 

(VF + HF)
• Surface flow wetlands

Functional design of the integrated wetland system

• Primary treatment
• Secondary treatment
• Tertiary treatment

• Post treatment
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Functional design of the integrated wetland system

Diagram showing the application of the strategy on site



Functional design of the integrated wetland system
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Main direction of SF development for each target site 
and for the overall area
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Scenarios for Leumeah centre

Scenarios for Campbelltown centre



Connection for treated water 
re-use

• Leumeah centre: low densification
• Leumeah centre: high densification
• Campbelltown centre: high densification
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Leumeah centre: low densification
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Campbelltown centre: high densification



Spatial design

• Categorisation of the wetlands
• Leumeah Centre
• Campbelltown Centre
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Categorisation of the wetlands

On-site community garden Street-side garden
Functional pond 
and water routes

Cells in the park

Living machine showroom 
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Integrating the wetlands in public space

Mawson park

presenting the 
history of 
Campbelltown and 
Anzac (Australian 
and New Zealand 
Army Corps) spirits 
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Integrating the wetlands in public space

Mawson park
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Integrating the wetlands in public space
Campbelltown 
Showground
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Integrating the wetlands in public space
Campbelltown 
Showground
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Integrating the wetlands in public space

Community garden



Integrating the wetlands in public space

Community garden
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Evaluation

• Parameters
• Evaluation for Leumeah Centre
• Evaluation for Campbelltown Centre
• Contribution to spatial use
• Impact on the other area in Greater 

Sydney
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Parameters

• Cost
• Treatment quality 
• Public accessibility and visibility of the wetlands
• Adaptation to population increase
• Performance for water reuse
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Cost

planning and site supervision cost investment cost total annual cost

salaries for 
planning and 
supervision

transport and 
allowance for 

visiting or staying 
at site

cost for 
waste-water 

analysis

total planning 
cost incl. 

overheads and 
acquisition

cost of plot incl. site 
preparation

main structures of 50 
years’ durability 

(sewer)

main structures of 20 
years’ durability

secondary 
structures of 

10 years’ 
durability

equipment and parts 
of 6 years’ durability

total investment cost 
(incl. land and 

planning)

total an-nual cost 
(including land)

total annual cost 
(excluding land)

I.c. I.c. I.c. I.c. I.c. l.c. I.c. I.c. I.c. I.c. I.c. I.c.

1,200 650 500 2,350 150,000 133,602 222,670 300,514 453,293 586,466 828,313 61,875 97,195 56,100 91,420

wastewater data annual capital costs

daily waste-
water flow

strength of waste-
water inflow

COD/BOD 
ratio of 
inflow

strength of waste-
water outflow

rate of interest in % 
p.a. (bank rate minus 

inflation)
interest factor q=1+i

on 
investment 

for land

on main structures of 50 
years’ durability

on main structures
of 20 years’ lifetime 
(incl. plan-ning fees)

on secondary 
structures of 10 years’ 

lifetime

on equipment of
6 years’ lifetime

total capital costs

m³/d mg/l COD mg/l mg/l COD % I.c./year l.c. /year I.c./year I.c./year I.c./year I.c./year

94 534 1.6 3 3.85% 1.04 5,775 9,871 16,338 21,990 33,083 0 0 30,938 48,597

operational cost income from biogas and other sources explanation

cost of personal
for operation, 
maintenance 

and repair

cost of material for 
operation, 

maintenance and 
repair

cost of 
power (e.g. 

cost for 
pumping)

cost of treatment 
additives (e.g. 

chlorine)

total operational 
cost

daily biogas production 
(70% CH 4 , 50% 

dissolved)

price 1 litre of 
kerosene (1m³ 

CH 4 =0.85 l 
kerosene)

annual income from 
biogas per annum

other annual income 
or savings (e.g. fertili-

ser, fees))

total income per 
annum

l.c. = local 
currency;

mg/l = g/m³

I.c./year I.c./year I.c./year I.c./year I.c./year I.c./litre I.c./year I.c./year I.c./year

155 210 260 305 50 0 465 565 12 2.69 7,164 0 7,164
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Treatment quality
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Treatment quality
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Public accessibility and visibility of the wetlands
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Adaptation to population increase
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Performance for water reuse

INPUT (+)
• Wastewater production
• Stormwater harvesting
OUTPUT (-)
• Evaporation
• Irrigation for open sports field
• Consumption in household

Re-used water
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Contribution to spatial use

Community garden –
Low centralization 

Mawson park –
Moderate centralization 

Campbelltown Showground–
High centralization 



Leumeah Centre
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Campbelltown Centre
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Impact on the other area 
in Greater Sydney

Reducing the pressure of 
Macarthur Filtration Plant and 
Cataract Dam by 42%.
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Impact on the other area 
in Greater Sydney

Rewriting the traditional pattern 
of consumption-treatment-
discharge
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Impact on the other area 
in Greater Sydney

Contributing to a better surface 
water quality overall.
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For further development of the project……🤸



♥ Thank you ♥

And acknowledgement to aboriginal and torres strait islanders as 
Australia’s first people, the Traditional Owners and Custodians of 
the lands and waters.


	Dia 1: A future-proof water system for Campbelltown and the Greater Sydney area Evaluating the potentials and implications of Decentralised Wastewater Treatment in suburban developments
	Dia 2
	Dia 3
	Dia 4
	Dia 5: Location of Greater Sydney
	Dia 6: Sydney’s water crisis
	Dia 7: Two significant drought in past 20 years
	Dia 8: Ongoing population growth increases the demand
	Dia 9: Methods to fight against drought in Sydney
	Dia 10: Reducing the dependence on stormwater supply
	Dia 11: General opinion about DEWATS
	Dia 12
	Dia 13: Campbelltown in administrative layers
	Dia 14: Strategic importance of Campbelltown LGA in 2040
	Dia 15: Campbelltown now
	Dia 16: Campbelltown now
	Dia 17: Campbelltown now
	Dia 18
	Dia 19
	Dia 20
	Dia 21
	Dia 22: General research aim
	Dia 23: Research question
	Dia 24: Analysis and site overview
	Dia 25
	Dia 26
	Dia 27: Area requirement for DEWATS in Campbelltown
	Dia 28: Overview of the water system in Campbelltown
	Dia 29: Conceptual framework
	Dia 30: Conceptual framework
	Dia 31
	Dia 32
	Dia 33
	Dia 34
	Dia 35
	Dia 36: Design concept
	Dia 37
	Dia 38
	Dia 39
	Dia 40
	Dia 41
	Dia 42
	Dia 43
	Dia 44
	Dia 45
	Dia 46
	Dia 47
	Dia 48
	Dia 49
	Dia 50
	Dia 51
	Dia 52
	Dia 53
	Dia 54
	Dia 55
	Dia 56
	Dia 57
	Dia 58
	Dia 59
	Dia 60
	Dia 61
	Dia 62
	Dia 63
	Dia 64
	Dia 65
	Dia 66
	Dia 67
	Dia 68
	Dia 69
	Dia 70
	Dia 71
	Dia 72: ♥ Thank you ♥

