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The Water Cycle
Is there enough Renewable Freshwater Resources (RFWR)?
Smart Management of the Fresh Water Resources (Conventional and Non- Conventional Water Resources)
Conventional Water Resources
- Surface water (Fresh & Saline)
- Groundwater
Non-Conventional Water Resources
- Frozen water (Icebergs)
- Rainwater harvesting & flood management
- Recycle of the residential water (black and greywater)
- Smart water irrigation, smart water agriculture, smart water industry
- Reforming water policies
Integrated Water Resource Management (IWRM)

Case Study (South Korea)




The Water Cycle

The water on the Earth flows from the atmosphere
to the ground. And then from the rivers to the sea,
from where it returns to the atmosphere.

Horizontal Flows: Water runoff on the surface.
Vertical Flows: Water infiltration and evaporation.

Blue Water: Surface water and groundwater
Green Water: Soil water, available for plants
White Water: Atmospheric water
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The Water Cycle SO RS 0
Collocation Area covered Volume % Y% of fresh
[106 km?] [108 k3] water

Oceans 261.300 1.338 096.5 -
Groundwater 1318 334 17 : Total Water
Fresh prundwater 10.530 0.76 30.1 \\\
Soil humidity 82 0.0165 0.001 0.05 On Earth
Perennial ice and snow 16.2275 24.0641 1.74 68.7
Antarctic 13.980 21.600 1.56 61.7
Greenland 1.8024 2.340 0.17 6.658
Arctice islands 0.2261 0.0835 0.006 0.24
Mountain areas 0.224 0.0406 0.003 0.12
Permafrost 21 0.3 0.022 0.86
Water in lakes 2.0587 0.1764 0.013 - Fresh Water
Fresh water in lakes 1.2364 0.001 0.007 0.26 3 %
Salt water in lakes 0.8223 0.0854 0.006 - cocape and Glaclers 168.7%
Lagoons and swamps 2.682.6 0.01147 0.0002 0.006 Ground Water 30.1%
Rivers 148.8 0.00212 0.0002 0.0006 Other 0.9%
Water in living beings 510 0.0012 0.0.0001  0.0003 ‘ Surface Water| 0.3%
Water in the atmosphere 510 0.0129 0.001 0.04 Ky 4 :Z;’z ;::ps
Water total 510 1385.98561 100 - 29 Rivers
Fresh water total 148.8 35.02021 2.53 100
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Looking to our neighbors

Venus

The Water Cycle
« Sustains Life on Earth
» Shapes the Surface of the Earth
* Regulates the Climate

g
96.5% CO; 78 % N> 92.55;{3 CO>
3.5% N2 31% O2 2.7% N2
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Is there enough Renewable Freshwater Resources (RFWR)? /O\ WTDC
V BUENOS AIRES

Driven by increasing populations (the world
population rises by approximately 200,000 a week),
growing urbanization, changing lifestyles, and
economic development, the total demand for
freshwater in urban areas is rising dramatically.

According to a World Bank study (2007), the
renewable fresh water availability per capita is
expected to halve by 2050 (relative to 2007), due to
climate change which makes many regions hotter
and drier.

Water stress and water scarcity challenges will have a severe economic and social
iImplications. Noteworthy, the challenges for governments and water utilities are not only to
Increase the absolute volume of the freshwater supply but also optimizing the efficiency of

water use and distribution. Qe
s 172 5) 25
ane
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Total renewable freshwater resources of the world, in mm/yr (1 mm is equivalent to 1 | of water per m?)

Source: Doll, P., Fiedler, K. (2008): Global-scale modeling of groundwater recharge. Hydrol. Earth Syst. Sci., 12, 863-885.



http://www.hydrol-earth-syst-sci-discuss.net/4/4069/2007/hessd-4-4069-2007.pdf

1ere enough Renewable Freshwater Resources (RFWR)? /O\ ITUWTDC
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1ere enough Renewable Freshwater Resources (RFWR)? I@\ ITUWTDC
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(Iiiui ) Percent of Population Facing Severe Water Stress, 2030

O, ITuwrpC

9-20 October

W > 75%

B 50%- 74%

S
25%—49% {
0% - 24% J,

Source: OECD.

2017 Publications; 41% of the world population is in drought or water stressed regions.

International Water Management Institute predicts that by 2025, all of Africa and Middle East, as well as
most of South and Central America and Asia, will run out of water or not be able to afford it.



Therefore, ICT smart management of @.Tuwmc
the water resources is a MUST.....

Water supply and
Sewerage Water resource

1

Informatization S M A RT

WATER&

ENVIRONMENT

Environment Prevention disaster
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Smart Management of the Fresh Water Resources S e

Conventional water resources Non- Conventional water resources

« Surface water (Fresh & Saline)  Frozen water (Icebergs)
 Groundwater « Rainwater harvesting & flood
management

 Recycle of the residential water (black
and greywater)
« Smart Irrigation, smart agriculture, smart

iIndustry

« Reforming water policies

iTu-0 @\ CELEBRATING

%) 25YEARS

OF ACHIEVEMENTS



fO)Y ITUWTDC
U‘) o200mber

Conventional water resources

« Surface water (Fresh & Saline)

« Groundwater
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« Surface water (Fresh)

Which comprises rivers, streams, lakes,

lagoons,....etc.

ICTs play a crucial role in;

O Telemetering and telecontrol systems
Real time monitoring and diagnosis, as well
as automatic controls improve the
supervision and optimize of water resources

management.

3G/GPRS
802.154

PioT-SW
Cloud Server

3G/ GPRS
WiFi
802.15.4

3G/GPRS
802.15.4
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ICT in surface water (fresh)

O Big Data Analytics:
Smart monitoring and metering at scales
from basins to households will enable

robust management of big data

Lake
Behyood

Coneriogo Guelph OMNTARIO

® Cambridga

Grand River, Ontario, Canada

Making the Grand River Watershed “Smarter”

Why the Grand River?

Why the Grand River? It's an urbanizing watershed with a
unique mix of pristine, urbanizing, urban and agricultural land
uses making it a perfect place for research and development.

ea draining
proximately

Applying the Data

Using IBM hardware and software, the platform allows users
to collect, store and analyze data unlike ever before, with the
ability to react to environmental events to capture information
that could otherwise have gone unrecorded.

™ Y
LY.

110101000111 - 0111010111010

01110101 y 1011101010011

In collaboration with IBM, the Southern Ontario Water
Consortium has built a system that allows them to collect,
store and analyze data from sensors in the Grand River
Watershed in Southern Ontario.

.

Subsurface Groundwater

ONTARIO

(':amhrldge

Waterloo
Caledonla

This, in turn, will help researchers and others develop
more sophisticated tools to predict floods, safeguard the
drinking water supply and forecast the impact of growth
and urbanization on vital ecosystems.

AL
~ -
= Safeguard Water Supply @
®
Predict Floods "lIII"
-
e Forecast Urban impact "I ""

n
= Protect Ecosystems Ill"l"



ICT in surface water (fresh) ;

0 Modeling ¥ (& e
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The Saskatchewan River is a major river in Canada,

about 550 kilometres long,

|

Project Objectives

* Integrated Hydrologic Model development for South Saskatchewan
River Basin (SSRB) and its major sub-basing

* Spatially distributed assessment of water-related ricks to agriculture

* Overland flood mitigation strategy evaluation

* Assist with new insurance product development

Objectives of Hydrologic Simulation

« Understanding the {future) impacts of
manmade changes of natural events
helps indormed docision making

* Improve emergency fesponse planning

* Performance simulation and oplimization
of mitigation concepts even belfore
implomentation

* Assist waler resources management by &
Senart Walerahed Comgator Model

oo suppen oo |

Mitigote

Manage

HydroGeoSphere

HGS suietion
* Class leading hydrologic
simulation software
* Simwlation of the entire
‘ terrestrial water cycle
* Utilizes state-of-the-art high
performance computing (HPC)

The South Saskatchewan River Basin

* Experiences climate extremes i - T
ranging from drought to flood =, —

* Large and productive agricultural [~ <odmhe]
land base D -

South Saskatchewan River Basin Integrated Hydrologic Model:

* Highly regulated, e.g. dams, —

irrigation, diversions
Winter processes are key to the
annual water budget

™

.
———

o Sathancrawan Bees Bacs 3580
et an may

Year 1 Progress Synopsis

----------

Basin Scale Model Construction Meiki Gerieration

Primary driver - Weather / Climate
+ 10 km spatial resolution
« Daily temporal resolution

FOlal B oF Anddes per sheet | 500,000
Total B of afemants per sheet | 800,000
Mankroam leogth between noded | 1300 ™
AMimismer ength between nodes : 30 m

Physical Characterization '

« Land use | S
- Sal Frte samans vaih grreraton
« Near-surface geology
« Bedrock geology
Surface Water
Simulation

* Preliminary calibration
* Evapotranspiration processes
* Model domain geometry QA-QC

-

- =

3-D Integrated Model
« High resolution surface topography

_ Anthropogenic
+ Vertically resolved geological layers

Influences

*  Reservoir operations
* lrrigation diversion -
Rasa s s litan emag o g Lake Moavanania A8

Work in Progress

* Full 3D simulations

* Irrigation data assembly

* Higher resolution sub-basin modeling



ICT in surface water (fresh)

Warnins Syetem

Pollutiom

Alert

i '-"._
-: Pellution
A % Alert
detection

Liseal

Etadeholders

fO)Y ITUWTDC
\/') o200mber

Stasiun Pantau Hidrologi
1. Laporan berkala Data Curah Hujan
2. Laporan Kondisi dan situasi Hujan Hulu ke
(D Pos peringatan Dini
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1. Alat Monitoring Air Debit Air
2. Alat ukur Tinggi Muka Air
3. Radio Komunikasi

H Pos Pantau Air dan Peringatan Dini :

t\

WILAYAH RAWAN @
BANJIR A /

W
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sy

Pos Pengamat /

1. Informasi Tinggi muka air
2. Informasi deteksi terjadinya banijir

3. Memutuskan Status Banjir (Siaga, Awas
dan Bahaya)
4

5 i ke Pos
Tingkat Komunitas

Komunitas, atau Telepon. Dengan
syarat mudah diakses dan
perawaatn

mudah, murah dan
efek

Aparat setempat
berkoordinasi dengan
| pihak-pihak terkait

perkembangan status

WILAYAH RAWAN

Peringatan Dini di Tingkat
Komunitas :

1. Ada Jadwal Piket

2. Menerima Informasi dari Pos
Pantau Air

3. Memutuskan Tindakan yang

BANJIR B

Pos ALARM Peringatan Dini :
1. Membunyikan Tanda/sirene

‘2. Intruksi Aksi dini

Harus dilakukan

.{ .{ RW ; RT; KK ; Anggota

Keluarga
Melakukan Evakuasi,
Warga telah memiliki
‘ ‘ ‘ rencana evakuasi,
'memahami intruksi
. dan kondisi status
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Benefits:

|ICTs smart technology (intelligent sensors, wireless
communications, code-division multiple access (CDMA),
satellite images, and GIS) will enable;

v' Real-time efficient management of reliable water

demand and supply,

v Disaster prevention,

v' Water quantity & quality,

v' Optimized distribution, and

v' Optimized ecosystem.

\ |}
Q‘.TU_DO CELEBRATING

= 12 §) 25YEARS

and OF ACHIEVEMENTS



ICT in surface water (saline)

In taked water
gl 8 I
A\~ \\\
A £ -, Sodium hypo chiorite -
S || . e
L[
Strainer < ,—
Product water
Wiell pump -
. Concentrated water
« Surface water (Saline) e
Which comprises seawater & salt lakes,.....etc. Membrane Filtration, Reverse-Osmosis
Seawater Desalination System
Saline water represents 97% of water on the earth
ICTs play a crucial role in; . .

)"

G fe ,g Pe: Sl h.‘;'a:f“ ——
-‘!I\ Ne b
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U Desalination technologies ;

Solar Powered Water Desalination



ICT in groundwater

« Groundwater

Represents 30% of freshwater on the earth

ICTs play a crucial

role in;:

O Groundwater exploration

O Regular and real time

monitoring, diagnosis,

modeling, automatic
controls for surface water

resources

Multi-Parameter Water CWW Website
Quality Sensor




7)) ITuwTDC
u BUENOS AIRES 2017
9-20 October

Non-Conventional water resources

Frozen water (Icebergs)

Rainwater harvesting & flood management LT

24 milion km3
Frozen freshwater

»

Recycle of the residential water (black and greywater)

Smart irrigation, smart agriculture, smart industry 5ok

Seawater

Reforming water policies



Non-Conventional water resources

 Frozen water (Icebergs)

Represents 68.7% of freshwater on the earth

Iceberg will be taken from
Heard Island, around
5,500 miles (8,800 km) away =

ANTARCTICA

Frozen water

Several schemes have been proposed to make use of icebergs as a water
source, however to date this has only been done for novelty purposes. The
Himalayas, WhICh are often called "The Roof of the World"_ contain some of

-
The Ice Will Be Brought To-The- Fulalrah Shore Where It Will
Be Unloaded To AWater Processmg Port.
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Possible iceberg harvest

towing routes from Antarctica
3,000 miles

6, 000 kms

0° [ Equator

-uu\“ : ) \\

onty possible dun o | the

A
A

boreal summe

40° \\
60°

80°S

L

00
O (ﬂ) -
e

20°

7 7
| 60°



Non-Conventional water resources

Rainwater harvesting & flood management

DEVELOPMENT OF FLOOD FORECASTING SYSTEM
HEC HMS+RAS

\ Mountain
Front
Recharge |

—

Main Channel
Infiltration Tributa
Diffuse
s C nd
s Washes) Recharge | ﬁ\'f‘lalt';:aon

AllUVINM
L
Gr
Unde

Water for a food-secure world
www.iwmi.org

Percentage of
Annual Volume

Storage

RAINFALL SPECTRUM

Keep Raih
on Site

HE]

Groundwater Flow

INTEGRATED STRATEGY

Delay the Reduce
Runoff Flooding
Conventional
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 Recycle of the residential water (black and greywater)

Approved by the N.S.W. Department of Health

Used to freat grey-water, bathwater, hand basin
water and washing machine water to acceptable
Department of Health standards for re-cycle and
re-use to flush toilets, car washing, garden
imigation and even re-filling washing machines

recy cled water fo house ;
=] L B LTS
garden and car washing = {
v t
Y~ = i |
ole oo i le) @ ' _ y k
\ )

process lines from control box

greywater from bathroom and laundry

overfiow fo sewer e BRATING

toilet and kitchen to sewer =
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Non-Conventional water

* Smart Irrigation

| Y

transpiration.
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* Smart agriculture

How loT technology is
benefiting today’s modern farming industry

Drones for Field

~_. ~_ Monitoring
\
¥, ‘t"
XU
4 Water
Management
a'%r,
af¥%»

Machines for

- - rotune
Smart ‘ Y Operations

Planning

Soil Monitoring
Sensor

(1)




Non-Conventional water resources

e Smart agriculture

Global Smart Agriculture Market Revenue
By Geography, 2016 (USS Mn)

2017 - 25 ata
CAGR 513.5%

North America Europe Asia Pacific  Middle East and Africa  Latin America

Source: TMR Analysis, 2017

A o

IoT and Cloud Infrastructure for Smart Farming

~—

0 ﬂ )alnl"g

Farmer

How much water and when?
Sateliite RPAS Sensors Weather When do | have to spray?
What is the risk level?

Ot souces What is the precise type and the exact
amount of fertilizers needed?

Current situation
6 pilot sites, 14.500ha
4 different crops (grapes, peaches, beans
and olives) =
e NEUROPUBLIC Fertilisation, Irrigation and Hazard warnings G gaia
against 12 pests and 11 diseases ; ;

Global Smart Agricultural Solution Market Value Share (%)
By Region (2016)
53.4% 2016 - 2026 at a CAGR of
Ny
I”.' ¥ XX X%

‘;JFW' -\" XX.X%

(7)) 7 XX X%
Sy _I7Y - XX.X%
b N XX. X%
e T s _,),.\,6 -}l Lo e R o
3 ,* NPy r " 41 J .-“

North Asia Pacific Western Eastern Middle East Japan Latin America

. (Excluding Japan) Europe Europe and Africa
America

Source: Future Market Insights, 2016
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* Smart industry

The life cycle of water

ABOUT 90% OF WATER USED
IS RETURNED TO SOURCE

Treatment of water can -2 Water is used for
be biological, chemical Treatment cooling and in the
or physical. . steelmaking processes.



Non-Conventional water resources

« Reforming water policies

Water Management is a Shared { (.
Responsibility \ - ri'«

Should involve the society, public
domain, governments, NGO,
Institution, academia, private
sector,...etc

Save LIFE!

$ <«

Save Water,

-3\
©
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Integrated Water Resources Management
(IWRM)
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IWRM Solution



Mon-Intergrated Water Resource management

@

iry 7©)) IruwiDC
Wat weather BUENOS AIRES 2017
o — u 9-20 October
Supply
Receiving
Waters

Total Water Management (Intergrated Water Resources)

[ |
[ |
[ |
[ | W wet

iUt 4JEEEEEEEEEEE weather

EEEEEEEEEER
Waters

Traditional versus integrated water management including
best management/LIDs (US EPA, 2012)
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Hydrological

Integrated consideration of rainfall,
run-offs, evaporation, and other processes

e il ST

Functional

Integrated consideration of water quantity,
guality, ecology, disaster prevention,
and other factors

r—

Information and

Existing water managemnet

(Water Grid) (Smart)

= Individual supply system = Smart measuring devices

= Water and energy loss = Real-time information

= Supply-side, and unilateral = Transmitting and receiving

Integrated Water Resources Management

— communication technology

Topographical

Integrated management of water UWTDC

sources, valleys, streams, and estuaries |OS AIRES 2017

)ctober

Social

GCovernance that all water-related entities
in the basin participate in

Smart Water Grid
(SWG)

Diversification of supply routes
Integrated operation of
infrastructure

High efficiency.and reduction of
.ELEBRATING

energy
Consumer-centeraed, and multi- 25YEARS
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Source

. Extraction &
Ground Treatment Distribution
*Surface Storage

*Sea/Brackish

| Waste ]

Use

*Energy
*Industry
*Agriculture
*Domestic

*Commercial

WTDC

AIRES 2017

er

Match technical capability

Water
System
Water System Simulation & _
Models Optimization Extraction

Transmission

P )

Processing

& Quality
Control

Residential

BRATING
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Not just because “we can” .....
but because “we must”

~ é.—
INSTRUMENTED INTERCONNECTED INTELLIGENT
We now have the abili People, systems and We can respond to changes cl_limzl-:ly,»r
to measure, sense an objects can communicate and accurate|¥ and get be
see the exact condition and interact with each results by predicting and optimizing

of practically everything. other in entirely new ways. for future events.

\/

WTDC

BUENOS AIRES



Case Study (South Korea): The system functions to combine real-time data (covering
water level, rainfall, water quality, ..... etc.) and video of closed-circuit televisions from major dams, river,

streams in the country for 24/7 monitoring services. K-water shares the data with the Korea
Meteorological Administration, the Ministry of Land, Infrastructure and Transport of Korea

@ uo®\ CELEBRATING
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ITS

Korean communication satellite network (satellite + CDMA communication network)



High Performance
Computing (HPC)

. Meteorological
Administration

<
P Yo R [\
R 5
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G

Enterprise integrated water management system
between meteorological and hydrological data, South Korea
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Thank You
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