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1SA’s water ‘crisis’ - “too much, too little, too dirty”

(Source: Hedden, 2016)

• Low rainfall / high 

evaporation

• Urbanisation

• Population growth 

• Services backlogs

• Poor water quality

• Leakage / wastage

• Fragmented 

institutions

• Quality of life

• Poverty / inequality

…the availability of water of acceptable quality is predicted 

to be the single greatest and most urgent development 

constraint facing South Africa” (Scholes, 2001)



2Cape Town’s dam storage levels and daily demand



3‘Future proofing’ cities (Wong, 2012)

• Embedding ecosystems services in urban areas through biomimicry
principles

• Resilient (coping capacity), liveable (comfort capacity) and sustainable
(carrying capacity) cities

• Blue / green corridors integral elements of city’s drainage infrastructure 
for water quality improvement, flood mitigation and heat island 
reduction

• Influence of socio-technical dynamics

• Managing stormwater as a resource

• Enhancing water-energy-waste nexus

• Multi-functional infrastructure - hybrid between centralised and 
decentralised; meet basic needs, enhance aspirational needs

Design principle – “keep water in the town / city”



4Resilience-based water management

Blue water

Sector approach 

dominated by 

economics and 

engineering, 

emphasis on supply

Integrated blue 

water

An economic 

approach to 

freshwater including 

environmental flows

Integrated blue 

and green water

Adding land 

interactions, surface 

runoff and infiltration 

to food, energy, and 

ecosystem services

Green and blue 

water with 

social and 

ecological 

interactions

Resilience based, 

addressing the need 

to sustain rainfall, 

capture resource 

value, and cross 

scale interactions 

and feedbacks

IWRM

SuDS

WSUD

Evolution from the 1990s to present day realisation

Adapted from Rockstrom et al., 2014

“WSUD is not a set of solutions or measures, but a process 

and philosophy to optimise both water management and 

urban design objectives” (CIRIA, 2013)                        



5WSD principles / strategies

1. Sustainable water supply options
• Water Conservation / Demand Management

• Alternative water sources, e.g. rainwater / stormwater harvesting, 
groundwater, Managed aquifer recharge 

2. Stormwater management
• Sustainable Drainage Systems (SuDS)

• Enhancement of amenity and biodiversity 

3. Wastewater minimisation
• Water recycling

• Use of treated wastewater / resource recovery

• Quality improvement – ‘fitness for purpose’

4. Blue-green infrastructure design and planning
• Enhancing liveability

• Providing resilience



6Water diversity – key to resilience



7‘Closing the gap’ - many sources of water

• Potable water (usually from surface water in RSA)

• Water conservation / water demand management 

• Treated wastewater (from treatment works)

• Greywater (from washbasins, showers, baths, kitchen sinks)

• Rainwater (from roofs or similar) 

• Stormwater (from the local drainage system)

• Groundwater (including managed aquifer recharge) Acid mine 

drainage

• Seawater

• Virtual water (water used in the production of food and goods 

elsewhere)

It’s simply a matter of the 

relative costs and risks



8Water conservation / demand management

• Pressure 

management

• Leak detection

• Tariffs

• Water efficient 

devices

• Water restrictions

• Awareness 

campaigns



9Wastewater reuse

• schools

• sports clubs

• golf courses

• farms

• industry

• commercial 

developments



10Rainwater and greywater harvesting



11Potential negative impacts from greywater irrigation

• Reduced crop yields as a result of salinity, nitrogen 

overload, specific ion effects (e.g. B, Na and Cl), 

high pH, and soil clogging.

• Soil degradation due to high sodicity and salinity 

(even when using ‘eco-friendly detergents).

• Groundwater contamination.

• Reduced flows and higher solids content causing 

blockages in sewerage systems.



12Stormwater harvesting



13Four big challenges

Water Quality - Trash, pathogens, nutrients, heavy metals, sediment )

Possible solutions: ‘Fitness-for-purpose’ use; treatment 

Runoff rate - High runoff flow rates - channel erosion / high sediment loads 

Possible Solutions: SuDS upstream to attenuate peak flows; disconnect impervious areas

Climate - Local climate may affect operation of SWH scheme 

Possible Solutions: manage systems based on local climate

Storage - it seldom rains when you want the water!

Possible solutions: Real-time control of stormwater ponds; MAR



14Managed Aquifer Recharge - AWRMS

• In operation for nearly 40 years

• Exemplar of wastewater and 

stormwater reuse scheme 

• Separation of high- and low-

quality wastewater effluent and 

stormwater

• Low-quality water disposed as 

recharge near coast creates 

hydraulic barrier

Atlantis Water 

Resource 

Management 

Scheme



15Sustainable Drainage Systems (SuDS)

• treating the stormwater as close to its source as 

possible

• using a “treatment train” to successively treat  increased 

post-development pollution and flows

“Sustainable Drainage Systems (SuDS) attempt to mimic the 

pre-development situation both with regard to runoff quality, 

runoff quantity, and amenity and biodiversity by:

“Soft” engineering – minimise concrete conduits



16Sustainable drainage systems (SuDS)

Retention 

ponds

Detention 

ponds

Biofilter systems

Permeable pavements

Bioretention areas are ‘kidneys’ of cities



Infiltration can be 

achieved in many 

different ways…



It is even possible to find opportunities to 

infiltrate stormwater in the city centre
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Use road medians to drain dual 

carriageways, and treat the 

contaminated runoff at the same 

time…



Detention ponds are 

normally dry – and can 

be put to other uses e.g. 

sports fields



21Urban stormwater park / Sponge city – Harbin, 

China

34 ha urban stormwater park in 

Harbin provides multiple ecosystems 

services: it collects, cleanses and 

stores stormwater and it infiltrate it 

into the aquifers; it protects and 

recovers native natural habitats and 

provides aesthetically appealing 

public space for recreational use.



22Requirements for a Sponge City

The Sponge City absorbs rain water, which is then naturally filtered by the 

soil and allowed to reach urban aquifers; allowing for extraction of water 

from the ground through wells which can be treated and used for city water 

supply. Instead of impermeable concrete and asphalt, the city needs more:

• Contiguous open green spaces and interconnected waterways

• Green roofs

• Porous design interventions across the city, including construction 

of bio-swales and bio-retention systems

• Water savings and recycling

• Incentivizing consumers to save water through increased tariffs, 

awareness campaigns, smart monitoring systems
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24Park ‘cool’ islands

• Influence of WSUD features is 

controlled by its size and location, 

and local meteorological conditions. 

As much as 1km downwind…

• WSUD needs to be distributed 

throughout the landscape… and 

where people actually are!

• Stream ecology benefits from 

distributed systems

Honjo and Takakura, 1990 Energy & Build.

Bruse and Skinner, 1999 15th Int. Cong. Biomet. & Int. Conf. Urban Clim.
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26Water sensitivity challenges

• Integration across water sectors in response to multiple and 
dynamic risks (breaking silos)

• Emphasising the links between drought, flood and other 
water-related risks

• Embedding ecosystem services through multi-functional 
infrastructure

• Harnessing nature as a buffer to risks and hazards (blue-
green infrastructure / urban waterscapes)

• Rethinking governance in terms of scale and actors

Does water sensitive design allow us to engage 

with a more transformative and resilient vision for 

the future of urban water?



27WSUD / SuDS for South Africa



Thank you

Thank you

To add to the debate go to 
www.wsud.co.za

www.futurewater.uct.ac.za

http://www.wsud.co.za/
http://www.futurewater.uct.ac.za/

