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Introduction

Water stress in the Arab countries

WATER STRESS BY
COUNTRY

ratio of withdrawals to supply
Low stress (< 10%)
Low to medium stress{10-20%)
Medium to high stress (20-40%)
High stress (40-80%)
Extremely high stress (> 80%)

This map shows the average exposure of water users in

each country to water stress, the ratio of total withdrawals

to total renewable supply in a given area. A higher

percentage means more water users are competing for ‘ *
limited supplies. Source: WRI Aqueduct, Gassert et al. 2013 P
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Unmet water demand in Arab countries

Percentage of Unmet Demand
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Water reuse in the Arab countries

Countries Percentage of Percentage of treated | Reused water as a percentage
wastewater wastewater of total water withdrawn

Algeria 85.37 7.29 0.84
Bahrain - 10000 36.30 4.56
Egypt 79.79 23.33 1.02
Iraq 17.04 5.61 0.01
Jordan . s 918 10.84
Kuwait 960 32.64 8.54
Lebanon 1.29 50.00 0.15
Libya 7.33 10000 0.92
Morocco 25.29 45.20 0.63
Oman 37.76 6.22 0.17
Qatar 14.86 65.15 7.82
Saudi Arabia 89.32 25.46 0.70
Syria 40.15 - 10000 3.29
Source:  Tunisia 52.06 28.33 2.39
e UAE %080 54.63 6.20
Bank, West Bank & Gaza 60.00 18.13 1.30

2011. . Yemen 62.16 13.04 0.18



Water efficiency In electricity
production
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Water efficiency in electricity production

Embedded water in energy

Resource

Extraction

Mining, drilling
(oil, natural gas)
Biomass

Source:
Water in the
West, 2013.

Discharge Water

Water Resource Energy Recycling
(e.g., lakes, rivers, Cogeneration,
aquifiers, sea) desalination

: End Use
Raw Material Transport and Industrial

Refining Transmission Energy Commercial

Coal, petrol, Generation Residential
Natural gas, Pipelines, Public Utilities

uranium, biofuels WELCIENE Transportation

Wastewater

Renewable Energy

Collection, treatment and

discharge or reuse Wind, solar,

hydroelectric, tidal

Transportation Fuels, Natural Gas



Water efficiency in electricity production

Types of cooling processes

Once-through cooling Closed-loop cooling

Turbine

t
; | : | Electricity
|
|
|

@ Turbine Electricity
I I

Process | Steam | Steam
water Condenser v Condenser v

I
: | Evaporation 1
h I
Icgg?i'lp‘lna I Steam c‘;ﬁ";?i:_lml | | |steam
| Water | |condenses gl | condenses
I [ into water Water : into water
I ' : Cold
| Process ' Cooling ooling! '
water ! Cold cooling Tower Wat 9, |
__ - _ Water aer___P___q,
Make-up Water rocess Source: Kohli
. s . i Water and Frenken,
River River River 2011.
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Water efficiency in electricity production

Water use in cooling processes

Once-through Recirculating Dry-cooling
W - C [ W C W C
Coal (conventional) 20,000-50,000_ 100-317 500-1,200 480-1,100] N/A  N/A

130-300

Natural gas 7,500-20,000  20-100  150-283
(combined cycle) I

Nuclear |25,000—60,000 100-400 800-2,600 600—800| N/A  N/A

Sources: Created based on data from Macknick et al., 2012; Union of Concerned Scientists, nd

Unit: Gallons of water required per megawatt-hour of electricity produced
W: Withdrawal; C: Consumption.
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Water efficiency in electricity production

Water consumption factors of
conventional power plants
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CHP Conventional

Losses MLeC;cQS%cés

Heat
Demand

Boiler

Power
~ Demand

Power
Station

Sankey diagram of CHP and conventional
power plants; Source: Rodriguez et al., 2013.
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Water efficiency in oll and gas
iIndustry
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Oil and gas industry

Embedded water in oil and gas processes

End Use
Transport Industrial
0il Refining Commercial

Transport

0il Drilling
(e.g., rall, tanker, Residential
truck, pipeline) Public Utilities

Transportation

(e.g., rall, tanker,

truck, pipeline)

Water Produced Evaporation
Input Water
Wastewater Wastewater
Discharge - Discharge -
Direct and Direct and
Indirect Indirect
‘ Transport ‘
Water Water
Source A (e.g., rall, tanker, Source B Source: Water
truck, pipeline) in the West,

2013.



Oil and gas industry

Water coefficients in primary energy
production

PRIMARY RECOVERY

Artificial Lift <30%
recovery
SECONDARY RECOVERY

Water Pressure 20-60%
Flooding Maintenanc recovery

TERTIARY RECOVERY / ENHANCED OIL RECOVERY ( EOR))

CHEMICAL

THERMAL GAS - Alkaline

-Steam - Natural Gas -Polymer 20-80%
- In-situ combustion - Nitrogen - Surfactants SEeA

- Microbial
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Oil and gas industry

Enhanced Oil Recovery (EOR)

Injection water required (gallons of water/gallons of crude oil) for various
oil recovery technologies.

Enhanced Oil Recovery (EOR)
l

| | |
Thermal recovery Chemical injection

. Steam injection: 5.4 CO2 injection: 13 | Caustic injection: 3.9
= Micellar polymer injection : 343.1

Source: Xylem, 2014.

= Forward combustion/air injection: 1.9
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Oil and gas industry

Fracking

4. Flowback and 5. Wastewater
Pradiirad Watar Treatment and

Fracking for natural gas

Fracking

Cemented-in standpipe

Conventional deposit

Natural gas in denser stone

1 Mix of water, quartz sand and
chemicals inserted into earth

2 Hwdraulic pressure causes
cracks in rock

3 Natural gas flows upward

= DWW



Oil and gas industry

Water reuse in the oil and gas industry

Water efficiency in the oil and gas industry can be improved by
using pipelines, onsite treatment, and reusing wastewater and
produced water.

o Reusing produced water facilitates automated water resources
management.

o Reusing produced water provides a stable water supply and
more resilient operations.

o Produced water reuse is becoming more prevalent as policies on
water use and discharge are become more stringent.
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Multi-Well Pad Savings

Completion

Savings per well

Drilling

2 Well Pad 4 Well Pad

i Rig moves M Location u Drill pipe handling ® Frac costs M Daily rentals



Water efficiency in industrial,
commercial & institutional
sectors



Example: The minimum estimate of potential
savings from increased water efficiency in the
iIndustrial, commercial and institutional sectors of
California would be sufficient to fulfil the annual
water requirements of the whole city of Los Angeles
(both residential and non-residential applications).
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Industrial, commercial & institutional sectors

Potential savings from water efficient
technologies

Cooling Tower Conductivity Controller

High-Efficiency Clothes Washer (Common-
Area Laundry)

Landscape Irrigation (e.g., Smart
Controllers and Sensors, Xeriscaping)

Low-Flow Showerhead

Tunnel Washer (Industrial Laundry)

Water-Efficient Commercial Dishwasher

Water-Efficient Pre-Rinse Spray Valve

0% 20% 40% 60% 80% 100%

Source: Cohen Low water savings estimate M High water savings estimate

et al., 20009.



Water reuse

e
Gty »
wmn;n« treatment
Irrigation for agriculture m < S

Industry »

L)
“ ——————
- ——
A

Advanced tectiary
- Groundwater
replenishment
Wastewater treatment » 4 '
Poubk water treatment plant

D - Aquifer recharge

Source: , : s ,
Abengoa A - Reuse in agriculture E - Indirect potable reuse of an aquifer
Water B - Resume in industry F - Indirect potable reuse of a river

' C - Urban reuse G - Regeneration and reuse of industrial water

2012.



Recycling water — Considerations

End use Application
e Groundwater description

recharge e Non-Potable
e Agricultural Reuse

reuse ¢ Food/Non-food
e Industrial reuse crops

e Once-Through
Cooling

Source:
Water in the
West, 2013.

Treatment
required

e Primary

e Secondary

e Filtration

e Disinfection

e Soil Aquifer
Treatment
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Industrial, commercial & institutional sectors

Greywater recycling systems

recycled water to house
C F R T T TTTTTTT (e
garden and car washing H
. =] W =H
se | e no @ P — \ : t
|
ess lines from control box
greywater from bathroom and laundry
overfow fo sewer _ _ —_—
Wilet and kilchen o sewer

Schematic diagram of a greywater recycling system; Source: Tanked Australia, 2007.



Industrial, commercial & institutional sectors

Faucets and Tollets

The Aqus(TM) WaterSaver technology which uses
sink greywater for toilets; Source: Lepisto, 2006.



Water efficiency in water
production and distribution
systems



Water production and distribution systems

Water efficient greenhouses
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Water production and distribution systems

Aquaponics

Page 32
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« Type of hydroponics. -

 Uses 90% less water than traditional fau
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Water is directed into the water puliey Rainwater and

system to rotate the racks in the tower recycled water
three times a day. This ensures that every are collected In
rack of plants receives sufficient sunlight. an overhead tank.

The patented A generator
water pulley powers a
system makes pump, which
use of fowing redirects
water and water into the

gravity to rotate tank.
the racks.

]
]
A}

\

As racks rotate, the The water Is
plants are watered then recycled
by micro-sprinklers to power the

three times a day. generator,

L



Water production and distribution systems

Irrigation systems

Efficiency of application for various irrigation methods; Source: Heatley and Ritchie, 2006.
Typical water losses from a pressurized irrigation system; Source: Heatley and Ritchie, 2006.

Leaking pipes 0-10% 0-1% |

Evaporation in the air

Wind-drift out of target area
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Water production and distribution systems

Intelligent metering systems

Direct \ ]

Behavioral

. Customer water use feedback
. Customer service

Intelligent
water
metering

. Integrated resource planning
. Demand forecasting

. Improved modeling

. Monitoring and evaluation

Indirect

Hierarchy for water efficiency strategies; Source: Boyle et al., 2013.



Water production and distribution systems

Intelligent water metering systems

I
|
Meters for water use data capture

Communication systems

— Displacement meters
— Velocity meters

Compound (or combination meters)
S— Electromagnetic meters
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Key messages

There is no ideal efficiency solution for all ESCWA member countries.
o Strategies must be assessed with reference to the respective situation.

Recycling of wastewater is a strategy that can be implemented by various sectors.

o As environmental standards for discharged waters become more stringent,
recycling water becomes more feasible.

Water consumption can be reduced in electricity generation processes by
addressing various parameters. Examples:

o Cooling types
o Combined cycle arrangements

Several technological options for more water efficient water distribution (e.g., IM
systems), particularly in the agricultural sector, are becoming more popular.
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