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The Earth From Above At Night




WE ARE ON A CONTINUING JOURNEY ...

To Where? From “Linear Systems” Towards “Closed Loop” Systems
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HOW DO WE DESCRIBE THIS JOURNEY?

FarpeTeotecton

(0]
Towards a circular economy

A path to efficient and effective
resource utilization and reuse Q

Figure 1. Two aspects of ‘decoupling’

Human well-being

Decoupling growth in GDP from

Economic activity (GDP)

growth in resource use and

environmental degradation e —




HOW ABOUT THE TERM: “DOING MORE WITH LESS” ?
FEWER RESOURCES, LESS POLLUTION AND LESS MONEY

In a system or city
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In a system of systems

In a national economy

Figure 1. Two aspects of ‘decoupling’

Human well-being

Economic activity (GDP)

from: Decoupling Natural Resource Use and Environmental Impacts from Economic Growth
2011 UNEP International Resource Panel Report
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DOING MORE WITH LESS: Singapore as Case Study (1)

Figure 2.5
Singapore GDP, population and total water consumption, 1965-2007 (index, 1965 =1)
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WHAT IS THE IMPERATIVE FOR
“DOING MORE WITH LESS” ?

PUSH FACTORS PULL FACTORS
- Resource scarcity driven by: - Rapid evolution in knowledge and
- Population growth, more wealth technologies

and global demand

- Climate change and unceriainty . Now able to look at waste as a
feedstock to valuable products

- Regulations requiring more a more
sustainable approach to natural
resources and pollution

- Reduced uncertainty related 1o

A growing sense of responsibity the potential for destabilizing
and social discipline by changes in resource prices
government, industry and people
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The Urban Arithmetic for 2050

155,000 persons per day
90% in developing countries
~90% in urban areas

~800,000 per week in urban settings
X 52 weeks per year
X 40 years
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WE MUST FUNDAMENTALLY CHANGE OUR APPROACH TO
WATER MANAGEMENT TO AVOID WATER STRESS

Relative Change in Demand per Discharge

* Finite Natural Resources

o~ e

* Population Growth
* Increased Living Standard

« Urbanization
* Climate Change

» Persistence of the Linear System

Population Change -
Only (Sc2)

v Nearly Half of Human Population Will
Experience Water Stress by 2025

Population and
Climate Change
(Sc3)

v Asia is 40% Water Short by 2030
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Resource Recovery Elements

o Reusing Wastewater / WS

Rehabilitate (to fit for purpose standards) and
reuse

o Energy Production / WW
o Generate energy from the treatment process
o Recover waste heat from TP and networks
o Generate other raw materials from WW

o Energy Conservation / WS & WW
Use less energy in producing DW & WW
Use less energy in customer end uses
o Nutrient Recovery / WW
o Recover phosphate from wastewater



DOING MORE WITH LESS RELATED TO WATER
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DOING MORE WITH LESS RELATED TO URBAN WATER




WE SHOULD BE IN THE MIDST OF ONE OF THE MOST SIGNIFICANT
TRANSITIONS IN THE HISTORY OF THE WATER PROFESSION REITER & DAIGGER

Sources and Return flow

System Objective Function

System Optimization Framework

System Components

System Configuration of Treatment Facilities

Institutions
Financing

The Water System inside the Urban System

Linear — Use once; distant DW sources;
compliance mentality for effluents

Drinking Water—Safe, reliable, economical
Used Water — Meets effluent standards
Storm water — Safely evacuated via pipes

Disjointed by facility - Most efficient
outcome (effectiveness, cost) calculated
in a static framework

Conceptually and/or physically separate
systems for drinking water, used water
and storm water

Centralized treatment
Single purpose utilities
Volume based

Water system “plumbing” an
after-thought in the planning process

Semi-closed loop with large fraction of source
water (fit for purpose) through reuse

High quality, reliable, economical

_ Ability to reuse water, fit for purpose stds
Routine recovery of nutrients and waste heat
Storm water as aesthetic and water resource

Multiple objective, system-level optimization
(effectiveness, net energy, environment,
aesthetics, I.c. cost) in a dynamic framework

Integrated, multipurpose systems

Hybrid (centralized and distributed) systems

Integrated, water-cycle utilities
Service based

Water system development Integrated with City’s
strategic, spatial and land use planning



Motivating Change Vital to Survival

Reimagining Our Future +

Show-casing the

? ?
Why? How" possibilities

Show-casing the
risks of inaction Embracing the facts
about the future - how?

Creating intentionaliiy
in alldecisions=Mow?

— Defeating Habitual Comfort Zones
In the Context of Future Conditions



US Water-Related Carbon Emissions

IN TOTAL

¢ 5.2% of Total US
Carbon Emissions

e 13% Total US
Electricity Use

e Equivalencies
- 40 Million Homes
- 53 Million Vehicles

River Network, 2009

Residential Water

Supply
$%

Commerical /industrial
Water Supply
3%

. Agriculture
6%

UTILITIES

¢ 1.2% of Total US
Carbon Emissions

¢ 3% Total US

National Water-Related Carbon Emissions Electricity Use

(290 million metric tons)




WE SHOULD BE IN THE MIDST OF ONE OF THE MOST SIGNIFICANT
TRANSITIONS IN THE HISTORY OF THE WATER PROFESSION REITER & DAIGGER

Sources and Return flow

System Objective Function

System Optimization Framework

System Components

System Configuration of Treatment Facilities

Institutions
Financing

The Water System inside the Urban System

Linear — Use once; distant DW sources;
compliance mentality for effluents

Drinking Water—Safe, reliable,
economical

Used Water — Meets effluent standards
Storm water — Safely evacuated via pipes

Disjointed by facility - Most efficient
outcome (effectiveness, cost) calculated
in a static framework

Conceptually and/or physically separate
systems for drinking water, used water
and storm water

Centralized treatment
Single purpose utilities
Volume based

Water system “plumbing” an
after-thought in the planning process

Semi-closed loop with large fraction of source
water (fit for purpose) through reuse

High quality, reliable, economical

_ Ability to reuse water, fit for purpose stds
Routine recovery of nutrients and waste heat
Storm water as aesthetic and water resource

Multiple objective, system-level optimization
(effectiveness, net energy, environment,
aesthetics, I.c. cost) in a dynamic framework

Integrated, multipurpose systems

Hybrid (centralized and distributed) systems

Integrated, water-cycle utilities
Service based

Water system development Integrated with City’s
strategic, spatial and land use planning






SINGAPORE: FOUR NATIONAL TAPS
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Semicentralized Supply and Treatment System Qingdao

TU Darmstadt, Germany | Institute IWAR | Peter Cornel

o HEEABijiaA
“ Residential area

| 31

(office building
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Water Supply and Sanitation for All w 2 gf B -iet 5 * g-
Set. 27-28, 2007, Berching, Germany

Xi'an University of Architecture & Technology

Case study 1: A college with zero discharge of
wastewater

@ System composition

Drinking water

' Decentralized 53000 m3/d

. water supply
(from 7 wells)

mﬂ 120 m3/d

— ;  _:. Road washlng<— —————————




Integrated water

treatmentandreuse geerre— .. ..
<‘ District heating
' -less water use N . '
. : X supplied entirely by
-net energy generation

-heat recovery__ = Wwaste heat ~ Storm water capture

-no purchased energy

e y
4~ > O treatment and reuse

‘\‘ for heating | -no polluted discharges

Close to triple
with favourable



WE SHOULD BE IN THE MIDST OF ONE OF THE MOST SIGNIFICANT
TRANSITIONS IN THE HISTORY OF THE WATER PROFESSION REITER & DAIGGER

Sources and Return flow

System Objective Function

System Optimization Framework

System Components

System Configuration of Treatment Facilities

Institutions
Financing

The Water System inside the Urban System

Linear — Use once; distant DW sources;
compliance mentality for effluents

Drinking Water—Safe, reliable, economical
Used Water — Meets effluent standards
Storm water — Safely evacuated via pipes

Disjointed by facility - Most efficient
outcome (effectiveness, cost) calculated
in a static framework

Conceptually and/or physically separate
systems for drinking water, used water
and storm water

Centralized treatment
Single purpose utilities
Volume based

Water system “plumbing” an
after-thought in the planning process

Semi-closed loop with large fraction of source
water (fit for purpose) through reuse

High quality, reliable, economical

_ Ability to reuse water, fit for purpose stds
Routine recovery of nutrients and waste heat
Storm water as aesthetic and water resource

Multiple objective, system-level optimization
(effectiveness, net energy, environment,
aesthetics, l.c. cost) in a dynamic framework

Integrated, multipurpose systems

Hybrid (centralized and distributed) systems
Integrated, water-cycle utilities

Service based

Water system development Integrated with City’s
strategic, spatial and land use planning



Optimization Thinking :

Static vs Dynamic in Two Dimensions

Desired Use

Changing

Fixed

Fixed/Known Changing/Unknown External Environment



Optimization Thinking :

Static vs Dynamic in Two Dimensions

Desired Use

Changing

Fixed OPti mum Ro b-u st
Design Design

Fixed/Known Changing/Unknown External Environment
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Hot, Flat and Crowded but with a Revolution in the Making ?

MEMBRANE
TECHNOLOG



Optimization Thinking :

Static vs Dynamic in Two Dimensions

Desired Use

Changing

Fixed

Optimum
Design

Flexible
Design

Robust
Design

Fixed/Known

Changing/Unknown

External Environment



GoldCoast

Wiataerfuture

The Preferred GCWF Strategy

30 ML/day
Water pressure &
leakage 20 _Mleay
management Rainwater tanks 20 ML/day

50 ML/day Recycled water
Water oo e
- conservation N
el
55 ML/day N g 41 to 55 ML/day
Southern Regional Pipeline = . Desalination

From 2007 A

35 ML/day
Logan Pipeline
EXIST]

10 to 24 ML/day
Raising of
Hinze Dam

(2

GoldCoastWater

EXISTING




WE SHOULD BE IN THE MIDST OF ONE OF THE MOST SIGNIFICANT
TRANSITIONS IN THE HISTORY OF THE WATER PROFESSION REITER & DAIGGER

Sources and Return flow

System Objective Function

System Optimization Framework

Physical System Components

System Configuration of Treatment Facilities

Institutions
Financing

The Water System inside the Urban System

Linear — Use once; distant DW sources;
compliance mentality for effluents

Drinking Water—Safe, reliable, economical
Used Water — Meets effluent standards
Storm water — Safely evacuated via pipes

Disjointed by facility - Most efficient
outcome (effectiveness, cost) calculated
in a static framework

Conceptually and/or physically separate
systems for drinking water, used water
and storm water

Centralized treatment
Single purpose utilities
Volume based

Water system “plumbing” an
after-thought in the planning process

Semi-closed loop with large fraction of source
water (fit for purpose) through reuse

High quality, reliable, economical

_ Ability to reuse water, fit for purpose stds
Routine recovery of nutrients and waste heat
Storm water as aesthetic and water resource

Multiple objective, system-level optimization
(effectiveness, net energy, environment,
aesthetics, I.c. cost) in a dynamic framework

Integrated, multipurpose systems

Hybrid (centralized and distributed) systems

Integrated, water-cycle utilities
Service based

Water system development Integrated with City’s
strategic, spatial and land use planning



LET’S LOOK AT AN EXAMPLE OF AN INTEGRATED SYSTEM
THAT INCORPORATES MOST TOOLS

Riainwater Harvesting

In-Building Recycling

Wastewater
Reclamation
and Recharge

‘Heat| |
Non-PotabIeI Stormwater I Industrial
Supply Infiltration Water Supply

Shallow Non-Potable Aquifer Saline Water Export
Potable Water Aquifer

Blagkwater/Yellow Water

Saline Water Aquifer v

Courtesy of G Daigger



Options for Achieving the Full Range of Objectives are Circumstantially Driven

Semicentralized

Semicentralized Supply
and Treatment Center

Drinking
Water TP ?

Lesser Quality

I
Best Quality

Maitural flvar

Urban Water System V1
:m“m\ ENVIRONMENTAL LAKE

Quality & quantity buffer
WATER SUPPLY w quality monitoring

-

- ‘.‘.\
Trautnznt plant . \

WASTEWATER COLLECTION

Szwags treatrment plal
Emergency treatment with advanced reuse
> plant treatment

Network and Infrastructure

e
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WWTP

| INNINEN

Matural fRivar

Urban Water System V2

\ ENVIRONMENTAL LAKE

ing water purification

WATER SUPPLY \ Quality & quantity buffer
Water quality monitoring

COLLECTION
Blackwater treatment plant Sraywaisr irsuimsnt
) with advancsd p — plant wladvanesd procsssss



WE SHOULD BE IN THE MIDST OF ONE OF THE MOST SIGNIFICANT
TRANSITIONS IN THE HISTORY OF THE WATER PROFESSION REITER & DAIGGER

Sources and Return flow

System Objective Function

System Optimization Framework

System Components

System Configuration of Treatment
Facilities

Institutions
Financing

The Water System inside the Urban System

Linear — Use once; distant DW sources;
compliance mentality for effluents

Drinking Water—Safe, reliable, economical
Used Water — Meets effluent standards
Storm water — Safely evacuated via pipes

Disjointed by facility - Most efficient
outcome (effectiveness, cost) calculated
in a static framework

Conceptually and/or physically separate
systems for drinking water, used water
and storm water

Centralized treatment

Single purpose utilities
Volume based

Water system “plumbing” an
After-thoiicht in the nlanninc nrocecc

Semi-closed loop with large fraction of source
water (fit for purpose) through reuse

High quality, reliable, economical

_ Ability to reuse water, fit for purpose stds
Routine recovery of nutrients and waste heat
Storm water as aesthetic and water resource

Multiple objective, system-level optimization
(effectiveness, net energy, environment,
aesthetics, I.c. cost) in a dynamic framework

Integrated, multipurpose systems

Hybrid (centralized and distributed) systems

Integrated, water-cycle utilities
Service based

Water system development Integrated with City’s
ctratecic <natial and Iand 1ice nlanninoc



Cltles1f the- Fﬁbur

building strategiesst advanceu an water-secukit
g strategiessto. than w .

he IWA Cities of the Future programme focuses
on water security for the world’s cities and how
“ the design of cities — and the water management,
) treatment and delivery systems that serve them — could

be harmonised and re-engineered to minimise the use
of scarce natural resources and increase the coverage
of water and sanitation in lower and middle income
countries.

The combined effects of unabated population growth,
rising incomes, urbanisation and climate change have
set the stage for the challenge of the 21st century

— providing food, water and energy for rapidly growing
planet. Against these increasing requirements for
managing water is the reality that new supplies from
traditional ground and surface water sources are difficult

and in some cases impossible to derive. Increasing €
le\ extreme weather events such as storms will stress . P
' urban water management systems. Competition for How Will Cities of the Future Need
water between agriculture, industry, energy and cities to Evolve to Meet These Emerging




Optimizing Within A
Continuum of Options

Which is more efficient?

Which is more sustainable?

Which is more appropriate?

\

Large Nodal Cluster In Situ
Scale
Highly Highly

Centralized Decentralized



Semicentralized Supply and Treatment
Unit

caloric heat

treated
wastewater
optional reuse)

o




Integrated treatment on district level

* Integrated Semicentralized Systems
therefore

« focus on smaller,
* more compact units

« Each district has its own
“Semicentralized” Supply and
Treatment Unit

* Integrated approach,

» focusing material flo
management,

* utilizing synergy effects and
re-tiIse notentials









e System outline
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The Gap House

lEenb) Concept Applicable at
Household Level

Potable Water
Supply

On-site
STP

»
Tank
Overflow

20kL Roof
~ water Tank




Recent Schemes With Significant
Closed Loop Configurations

Scheme

% Reduction in potable
water consumption

% Reduction in
discharges to Waterways

Pimpama — Coomera 80% >70%
Rouse Hill 50% >90%
Homebush Bay- 67% 100%
Olympic Village

Mawson lakes 50% >80%




Integrating strategies for meeting future needs —

NOT MUTUALLY EXCLUSIVE

More Water Sensitive City
Shape (density) and design

Decentralised and distributed options
(e.g. local recycling, stormwater,
groundwater)

Traditional centralised facilities
(e.g. desalination, dams, major
recycling

Demand side solutions
(e.g. permanent water conservation
measures, pricing, demand reduction)

)

Market based solutions
(e.g. trading, third party access,
customer choice)

» The five strategic components are interdependent — need to be integrated
— No silver bullet, different solutions for different conditions

Climate Change Adaptation - Melbourne, Australia

55



WE SHOULD BE IN THE MIDST OF ONE OF THE MOST SIGNIFICANT
TRANSITIONS IN THE HISTORY OF THE WATER PROFESSION REITER & DAIGGER

Sources and Return flow

System Objective Function

System Optimization Framework

System Components

System Configuration of Treatment Facilities

Institutions
Financing

The Water System inside the Urban System

Linear — Use once; distant DW sources;
compliance mentality for effluents

Drinking Water—Safe, reliable, economical
Used Water — Meets effluent standards
Storm water — Safely evacuated via pipes

Disjointed by facility - Most efficient
outcome (effectiveness, cost) calculated
in a static framework

Conceptually and/or physically separate
systems for drinking water, used water
and storm water

Centralized treatment
Single purpose utilities
Volume based

Water system “plumbing” an
after-thought in the planning process

Semi-closed loop with large fraction of source
water (fit for purpose) through reuse

High quality, reliable, economical

_ Ability to reuse water, fit for purpose stds
Routine recovery of nutrients and waste heat
Storm water as aesthetic and water resource

Multiple objective, system-level optimization
(effectiveness, net energy, environment,
aesthetics, I.c. cost) in a dynamic framework

Integrated, multipurpose systems

Hybrid (centralized and distributed) systems

Integrated, water-cycle utilities
Service based

Water system development Integrated with City’s
strategic, spatial and land use planning






DOING MORE WITH LESS: Singapore as Case Study (1)

Figure 2.5
Singapore GDP, population and total water consumption, 1965-2007 (index, 1965 =1)
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DOING MORE WITH LESS: Singapore as Case Study (2)

Figure 2.5
Singapore GDP, population and total water consumption, 1965-2007 (index, 1965 =1)
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SINGAPORE: FOUR NATIONAL TAPS
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water

Desalinated

*‘.

'Singapore’s
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Creation Seattle Public Utilities
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Cross-Walk Between Energy and Water Efficiency

Measures
ENERGY WATER
Process Process
Heating o -
Lighting Water Heating Irrigation
HVAC Cooling

Food Preparation
Laundry



Annual Average MGD

Conservation Vs. New Supply
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Milions of Gallons per Day

250

225

200

175

150

125

Seattle Public Utilities, USA

Key Components of Conservation

Codes

System Efficiencies

Rate Impacts




WE SHOULD BE IN THE MIDST OF ONE OF THE MOST SIGNIFICANT
TRANSITIONS IN THE HISTORY OF THE WATER PROFESSION REITER & DAIGGER

Sources and Return flow

System Objective Function

System Optimization Framework

System Components

System Configuration of Treatment Facilities

Institutions
Financing

The Water System inside the Urban System

Linear — Use once; distant DW sources;
compliance mentality for effluents

Drinking Water—Safe, reliable, economical
Used Water — Meets effluent standards
Storm water — Safely evacuated via pipes

Disjointed by facility - Most efficient
outcome (effectiveness, cost) calculated
in a static framework

Conceptually and/or physically separate
systems for drinking water, used water
and storm water

Centralized treatment
Single purpose utilities
Volume based

Water system “plumbing” an
after-thought in the planning process

Semi-closed loop with large fraction of source
water (fit for purpose) through reuse

High quality, reliable, economical

_ Ability to reuse water, fit for purpose stds
Routine recovery of nutrients and waste heat
Storm water as aesthetic and water resource

Multiple objective, system-level optimization
(effectiveness, net energy, environment,
aesthetics, I.c. cost) in a dynamic framework

Integrated, multipurpose systems

Hybrid (centralized and distributed) systems

Integrated, water-cycle utilities
Service based

Water system development Integrated with
City’s strategic, spatial and land use planning



Cltles1f the- Fﬁbur

building strategiesst advanceu an water-secukit
g strategiessto. than w .

he IWA Cities of the Future programme focuses
on water security for the world’s cities and how
“ the design of cities — and the water management,
) treatment and delivery systems that serve them — could

be harmonised and re-engineered to minimise the use
of scarce natural resources and increase the coverage
of water and sanitation in lower and middle income
countries.

The combined effects of unabated population growth,
rising incomes, urbanisation and climate change have
set the stage for the challenge of the 21st century

— providing food, water and energy for rapidly growing
planet. Against these increasing requirements for
managing water is the reality that new supplies from
traditional ground and surface water sources are difficult

and in some cases impossible to derive. Increasing €
le\ extreme weather events such as storms will stress . P
' urban water management systems. Competition for How Will Cities of the Future Need
water between agriculture, industry, energy and cities to Evolve to Meet These Emerging




Changing City Shape and Form

« Aim to reduce per capita consumption of water

 Sustainability objectives linked to energy, access and liveability objectives

Household Consumption in Some Suburbs of Melbourne

500 ~

Suburbs

400

Consumption (I/hh/day)

300

200 T T T T T T 1

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Population Per Sq. Km

Climate Change Adaptation - Melbourne, Australia
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INTEGRATION OF “GREEN
INFRASTRUCTURE” WITH “GREY”
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Courtesy of G Daigger




Integrated Wastewater and Solid Waste

Treatment

Des Moines Wastewater Treatment
Plant, Des Moines, IA, USA

Hauled organic wastes account for 40% of the feed to the
anaerobic digesters. Revenue from tipping fees, selling biogas.
Savings on electricity.

Courtesy of Dave Parry, CDM







Amsterdam Case: Result
Sustainable Energy Production from Biogas and Waste

e Co-production of bio-gas
and heat through jointly
run public authorities

e Heat is linked to one of \
Europe’s most energy
efficient district heating
networks in the City of

Amsterdam



Motivating Change Vital to Survival

Reimagining Our Future +

Show-casing the

? ?
Why? How" possibilities

Show-casing the
risks of inaction Embracing the facts
about the future - how?

Creating intentionaliiy
in alldecisions=Mow?

— Defeating Habitual Comfort Zones
In the Context of Future Conditions



Fuel efficiency gains since the modern jet age
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Solar Home Community, California




Hot, Flat and Crowded but with a Revolution in the Making ?

MEMBRANE
TECHNOLOG



|4

/7 \ RESPONSIBILITY,

3



DOING MORE WITH LESS RELATED TO MULTIPLE SECTORS




PERSEVERANCE
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ADOPTION OF INNOVATIONS FOLLOWS
CLASSIC “S” CURVE*

Number of
Installations

eSeek Advantage
*Copy Leaders

eAdopt to
Survive

*Seek Advpntage «Adopt Out

*Leaders of Necessity|
eLike New Things eAvoid
*Fund Regearch Disadvantage

Early
Adopters

Innovators Early Late

/ Majority Majority Laggards

/
Time

* Rogers, E. M., Diffusion of Innovations, Free Press, NY, 2003..
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An Increasingly Uncertain Future
for All Involved in Urban Water

Things are known Things can be
with a high degree predicted with a

of certainty and reasonable level of
predictability certainty

There exists a higher Some things can be
frequency of entirely no longer be predicted
unpredictable events with a reasonable

level of certainty
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(million)
12000
10000 | ,/,'
8000 |

6000 |

4000 |

2000 ’/////)

___-—"’"/
0
0@ c?/QQ VQ\ F & & \@Q @@ \559 \@Q \‘bé) ‘1359 ‘1‘)90




Water Uses Energy, Energy Uses Water

WATER FOR ENERGY

Extraction & Refining Hydropower

Fuel Production
(Ethanol, hydrogen)

Thermo electric
Cooling

Waste Water Extraction and

Treatment Transmission
Distribution and Drinking Water
/ Collection Treatment

Energy Associated

with Uses of Water ENERGY FOR WATER



The Changing Paradigm of Water & Energy in Cities

Water Efficiencies Water (Fit for purpose)

Energy {4 Efficiencies | Reduced Energy (Heat, Elec)

Flux i
Land/Net Efficiencies I:):atqirrl;nfamenities
Chems J Bio Approach 8

R@se landuse




Solid Power

Waste Plant

Plant

CITY A ----BEFORE
Waste . 1
Drinking
o

Water TP Water TP

New Waste
Water TP
(Mostly solids)

New Power
Plant

Solid Waste Non-
Petruiciables

CITY A ----AFTER




Semicentralized Supply and Treatment Unit

INPUT

reclaimed
non-potable
water

grey water

Supply and Treatment Unit

OUTPUT

treated
wastewater
optional reuse)

Biosolids
(Phosphorus)

TU Darmstadt | Institute IWAR | Peter Cornel | 90

IWAR
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Water Uses Energy, Energy Uses Water

WATER FOR ENERGY

Extraction & Refining Hydropower

Fuel Production
(Ethanol, hydrogen)

Thermo electric
Cooling

Waste Water Extraction and

Treatment Transmission
Distribution and Drinking Water
/ Collection Treatment

Energy Associated

with Uses of Water ENERGY FOR WATER



Hot, Flat and Crowded but with a Revolution in the Making

TECH NOLOGY



Decision Making in an Uncertain World

Desired Use
A

Changing Flexible Design
_ Optimum ROb.USt
Fixed DeSigﬂ DeSIQn

Environment

Fixed Changing



