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| 2050: FUTURE m

9 B Population

60 % food demand :; 50 % water
Increase shortage

40 % energy
demand increase

Status quo is NOT an option.
We need to find new efficiencies by doing more and using MUCH less
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GLOBAL PRESSURES WILL MAKE WATER m
MANAGEMENT DIFFICULT the international

water association

e Climate Change

« QOverexploitation on water due to the escalating demands from
agriculture and energy

* Aging infrastructure has been the bottleneck of efficiency on delivering
water & wastewater service

« Securing water supply might trigger the pressure on energy supply (e.qg.
Seawater desalination, long distance water delivery, etc.)

-
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INDEXES FOR WATER SUSTAINABLE CITIES

the international
water association

QUALITY

Water resources, Leakage, metering
water related disaster water reuse, continuity
risks, vulnerabilities coverage, charges

water stress leakage drinking water
green space water charges sanitation
water-related service continuity treated wastewater
disaster risk wastewater reuse water-related disease
flood risk metered water water pollution

water balance drinking water threatened freshwater
water reserves. sanitation. species.

www.arcadis.com/waterindex
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The IWA
s Prmclples
1. for Water

Wise
Cities

For Urban Stakeholders to Develop a Shared
Vision and Act towards Sustainable Urban Water
in Resilient and Liveable Cities

IWA PRINCIPLES FOR WATER-WISE CITIES

1 Regenerative Water Services

* Replenish Waterbodies and
their Ecosystems

* Reduce the Amount of Water
and Energy Used

* Reuse, Recover, Recycle

* Use a Systemic Approach
Integrated with Other Services

* Increase the Modularity of
Systems and Ensure Multiple
Options

2 \Water Sensitive Urban Design

* Enable Regenerative Water
Services

* Design Urban Spaces to
Reduce Flood Risks

* Enhance Liveability with
Visible Water

* Modify and Adapt Urban
Materials to Minimise
Environmental Impact

the international
water association

* Plan to Secure Water
Resources and Mitigate
Drought

* Protect the Ecological Health of

Water Resources

* Prepare for Extreme Events

4 \ater-Wise Communities

* Empowered Citizens

* Professionals Aware of Water
Co-benefits

* Transdisciplinary Planning Teams

* Policy Makers Enabling
Water-Wise Action

* Leaders that Engage and
Engender Trust

http://www.iwa-network.org/projects/water-wise-cities/
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| WATER SENSITIVE URBAN DESIGN m

Blue-Green Systems

Sponge cities

IWA new journal
“Blue - Green Systems”

e Water Sensitive Urban Design - Australia
 Low Impact Development — US
e Sponge City - China
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NATURE BASED SOLUTIONS m
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« Secure water quantity and quality
* Decrease the impacts by extreme events

7. « Strenghten water safety

ROCK

GROUNDWATER

LEGEND

Source: WWAR

https://unesdoc.unesco.org/ark:/48223/pf0000261424
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NATURE-BASED INFRASTRUCTURE IS CORE IN m
URBAN WATER SYSTEM the international

water association

Establishing flocd bypassesto
redure downstream flooding

Forest landscape restoration to reduce L
flood impacts, stabilise slopes and
provide clean water

Green roof for rainwater harvesting

Constructing wetlands to improve
water quality

= . Bioretention tank and permeable
R R N .\ pavement

* Water harvesting

Reconnect rivers and floodplains

Natural or semi-natural infrastructure provides services for water
resources management with equivalent or similar benefits to
conventional (built) 'grey' water infrastructure.

* Hybrid solutions that contains built
elements that interact with natural
features and seek to enhance their

: The composition, structure, and function of natural infrastructure assets
water related ecosystem services

in river basins, and the way they interplay with built 'grey’ infrastructure
will determine the primary services and co-benefits produced.

Further information can be found in UNEP-DHI/IUCN/THNC (2014).

UN Water Development Report 2018
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REGENERATIVE WATER SERVICES m
= 3RS CONCEPT the international

-ﬂ» '* = ,—g; | -
__mmmﬁmmm
POCOVRR ENRRGY Fhow USeD Whreh

TREDUCE s R[PL[NISIJ

Choare UNIVERSAL Accss J WATER 2 SMiThrn Sexvices IMPROVE WATER GUALITY FE#. DIFFERENT PURBOSLS

IMPRON® EFFICIONCY OF WATR: 2 EHERGY SUPPLY & MANAGEMENT sm“[ﬁ BRPLEMISH ACUIERRS, RIVERS & LAKeS
(OLLECT & TREAT US®D WaTeR @h ROSTORY ECOSYSTOMS CRITICAL FOb WATSH

inspiring change



REDUCE WATER CONS

95% OF THE WATER WE USE EVERYDAY IS
S INVISIBLE

~ COMBINED INVISIBLE WATER FOOTPRINT

28,429 LITRES —<

= We need to understand “Virtual water” (Water footprint)

o -

UMPTION

P

COTTON SHIRT
3,690 LITRES

MOBILE PHONE
912 LITRES

COFFEE, 200ML
140 LITRES

924 LITRES

HAVE DRUNK IN YOUR

ENTIRE LIFETIME®

LEATHER SHOES
K 8,000 LITRES

F NS
uimmnma-nlg " '" - 33

www.thirsty4water.org



REDUCE WATER CONSUMPTION

Per unit water consumption for food

—— Quantit Water consumption, liters Foodstuff Quantit Water consumption, liters
¥ $KE (7) . $KE (F)
Chocolate Pizza .
Beef Apple
1kg 15,415 #*Em 1keg 822
Sheep Meat 1k 10412 Banana 1k 790
5 g ’ E% &
Pork Potatoes
1k 5,088 - 1k 287
Butt Milk
%3;' 1ke 5,553 250ml glass 255
Chicken meat Cabbage
1k 4,325 1k 237
Cheese Tomato
1k 3,178 1k 214
Olives Egg
o 1k 2,497 - 250ml gl 109
A% : ' 458 sl
Pasta (dry) Beer
1kg 1,849 185E 250ml glass 74
Bread

Meat and milk production may double by 2050, What does it mean for water and pollution?
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REDUCE WATER LEAKAGE m
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Reduce water leakage MUST be one of the priorities of water suppliers.
50% WL decrease will benefit 90 M people

Courtesy of Malcom Farley
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| WATER AND ENERGY NEXUS

WATER FOR ENERGY

Extraction & Refining Hydropower

Fuel Production Thermmo electric
(Ethanol, hydrogen) Cooling
Waste Water Extraction and
Treatment Transmission
Energy Associated Drinking Water
with Uses of Water Treatment

ENERGY FOR WATER

Water and energy are both key elements for urban sustainability

Source: US Department of Energy 2006
14



REDUCE WATER IN ENERGY SECTOR
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Trends in power generation and associated water withdraw in China 2000-2014

s _ =34,500
B poweroutput (TWh)
=14,000
= water withdrawal (bcm)
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
poweroutput(TWh) 1,708 1,204 1,352 1,579 1,810 2,018 2,374 2,721 2,803 3,012 3,417 3,900 3,926 4,222 4,227
water withdrawal (bcm) 32.65 371 36.42 38.92 43.74 4733 49.43 50.39 50.55 5113 51.87 52.88 53.55 49.52 478

bcm= billion cubic meter, TWh = terawatt-hour.
Sources: Ministry of Water Resources. 2001-2015; China Electricity Council. 2001-2015; and World Resources Institute estimates.

* Power plantis the largest industrial consumer in China, around 8% total water usage
* Saving energy is saving water

Water Energy Nexus in The PRC and Emerging Issues, ADB 2017
inspiring change 15




REDUCE ENERGY IN WATER SECTOR m

Water sector has been one of the largest energy consumers
4-5% (US), 3% (UK), 10% (Israel), 20% (California)

35 % cost in water utilities is associated with energy

Saving water is saving energy




ENERGY CONSUMPTION IN WATER m

the international
Total water use cycle energy intensity: 0.53-5.3 KWh/m?3 water association

& Pumping of groundwater, & Filtration ® Heating ® Collection
surface water and e Oxidation * Cooling ® Physical treatment
ol ety ® Ultraviolet treatment ® Household appliances ® Chemical treatment
o Additives ® Commercial appliances ® Sludge treatment
o Transfer of water o : )
from source ® Denitrification ® Industrial processes ® Discharge
to treatment plant ¢ Desalination
or reservoir * Pumping

Figure 1| A conceptual nodel of water-sector processes inv Iving energy use.

0-1.06 KWh/m3 0.026-4.5 KWh/m3 13.6 KWh/m3 0.25-1.22 KWh/m3

Old approaches: add energy for trading water quality

Sabrina G. S., et. al., Nature Climate Change, 26 June 2011
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NEW PARADIGM: ENERGY NEUTRALITY WWTP m

Energy Saving Renewable Energy
10-20% 5-10%

( fine bubble aeration, energy ( wind, solar, thermal)
efficient motors and pumps)

Energy from sewage flows Sludge
2-10% 40-100%

( hydro-turbines, heat pumps) ( anaerobic digestion)

Valentina Lazarova, Water Energy Interaction of Water Reuse, 2012, IWA Publishing
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ENERGY NEUTRALITY WWTP CASE STUDY m

- STRASS IN AUSTRIA the international

water association

influent

A-stage B-stage

4.7 %
effluent

\_ dewatering __ digester

biosolids

» Side stream Anammox has been implemented since 2006, and achieved 108% energy recovery

« 200% energy recovery has been achieved with food waste co-digestion since 2016




ENERGY NEUTRALITY WWTP CASE STUDY m
- AS SAMRA IN JORDAN the international

water association

e 70% Wastewater in Jordan
* 90% energy recovery

e 10% agriculture water supply
* 230,000 Kwh/d

ettling 6-Primary slodge thickening 0
iologice| nt 7- Activated sludge flotation 4- Gas power generation
4-Clarification 8-Anaerobic digestion 12-Ddor contrg

suea




REDUCE FRESH WATER INTAKE m

- ALTERNATIVE WATER RESOURCES (AWR) the international

water association

e Rainwater
e Used Water
* Brackish Water/ Sea Water

=1 Little or no waler scarciiy .

B Firysicall waber scarcity (use of water rasources = T5%

=3 Aeproaching physical waler scarcity (use of waber resources = 80

[ Economicwater scarcity (use of waber resourcas < 25%, low-incomea reglon]

7 Mot estim ated




AWR: SINGAPORE CASE

the international
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Stormwater
Management
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WASTEWATER REUSE- NOT POTABLE m

The conventional WWTPs haven’t been designed without reusing purpose

Used water has been widely reviewed as 2nd water resources in many cities

Mainly reused for Irrigation, industry, toilet ect.

More adaptable in newly developed area.

Fit for Purpose reuse




| WASTEWATER REUSE- POTABLE m

* Indirect potable water reuse

Conventional

Water Sou rce@

WWTP Advanced WTP 4 |

s

- i “
.
— B B
Environmental Buffer Water Treat- Water Distri-
ment Plant bution System

* Direct potable water reuse

WWTP
:
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]
@» Advanced WTP Engineered Water Treat- Water Distri-

Conventional Storage ment Plant bution System

Water Source




HISTORY OF POTABLE REUSE
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* 1962 - Montebello Forebay Spreading Grounds, Los Angeles County Sanitation Districts, California, USA
* 1968 - (Old) Goreangab Water Reclamation Plant, Windhoek

« 1976 - Water Factory 21, OCWD, California, USA

*« 1978 - Upper Occoquan Service Authority, Virginia, USA

* 1985 - Hueco Bolson Recharge Project, El Paso, Texas, USA

« 1985 - Clayton County, Georgia, USA

* 1993 - West Basin Water Recycling Plant, California, USA

* 1999 - Gwinnett County, California, USA

1999 - Scottsdale Water Campus, Arizona, USA

» 2002 - New Goreangab Water Reclamation Plant, Windhoek, Namibia
e 2002 - Toreele Reuse Plant, Belgium

e 2003 - NeWater Bedok, Kranji Singapore

e 2005 - Alimitos Barrier, California, USA

e 2007 - Chino Basin Recharge Project, California, USA

« 2008 - Groundwater Replenishment Project, California, USA

e 2008 - Loudon County, Virginia, USA

e 2008 - Western Corridor, Queensland, Australia

e 2009 - Arapahoe/Cottonwood, Colorado, USA

* 2010 - NeWater, Changi, Singapore

e 2010 - Prairie Waters Project, Colorado, USA

e 2010 - Groundwater Replenishment Trial, Perth, Australia

e 2012 - Dominguez Gap Barrier, California, USA

2012 - Beaufort West, South Africa

* 2013 - Big Spring, Texas, USA

e 2014 - Groundwater Replenishment Project, California (Expansion), USA
« 2015 - Wichita Falls, Texas, USA

Jorg Drewes (2015), Recent Developments in Potable Reuse. Springer
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De Facto Potable Reuse is Common

Scenario 1 /
/ WWTP

Secondary Treatment
Chlorination/dechlorination

— Treated
~— Effluent —

Surface T~
water - —~.%

WTP

Coagulation, Flocculation

Filtration, UV, Chlorine @@ \
Drinking

:-::. water

Jorg Drewes (2015), Recent Developments in Potable Reuse. Springer
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CALIFORNIA - GROUND WATER REPLENISH SYSTEM- m
GWRS the international

Groundwater Recharge
- Orange Country, California (Water Factory 21)

Secondary Lime Recarbonation Tertiary
treatment treatment filtration

I Injection Reverse Osmosis

e 15t plant o use RO technology (1976)
e 379,000 m3/d, the largest groundwater recharge project in the world




RESOURCES RECOVERY m

- PHOSPHORUS RECOVERY IN CHICAGO the international

« Stickney WWTP has invested 31 M US$ to build the largest recovery facility in the world

* 10,000 Tons struvite is expected to be produced annually




WASTEWATER TREATMENT PLANT m

- RESOURCE RECOVERY FACILITIES the international

water association

Energy: electric
(microturbines)

_" Energy: Biogas, bioelec,
o biofuels, MFC

Energy: Heat, electric
(microturbines)

Nutrients: P & N




CONCLUSIONS: m

= Changing our perspective creates opportunity to do things differently

= Circular economy model will be widely adopted in water sector

.
=

PO EFRCIONCY OF AR & CERGY SUPMYE HANAGEMEKT @‘sﬁfﬂﬂ% mﬁumub:umﬂg mma Lakes

REDUCE AEEmmme REPLENIS

Choate UNWVERSAL Access A WATER 2 SIMaron Seevices

COLLBCT & TReAT USe WaTeR RESTORD ELOSYSTRMS chiTicaL Fon WhTenZ(

I

ez o

AWEA™

i
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