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Part 1Part 1

A Global OverviewA Global Overview

of Water Issuesof Water Issues



Major Water IssuesMajor Water Issues

�� Water QualityWater Quality

�� Water AvailabilityWater Availability

�� Cost of Upgrading Water SystemsCost of Upgrading Water Systems

�� The Interaction between Water, Food The Interaction between Water, Food 
and Energyand Energy



Water Issue: Water QualityWater Issue: Water Quality

�� 1.1 billion people lack access to safe drinking 1.1 billion people lack access to safe drinking 
water in 2006water in 2006

�� 2.6 billion lack basic sanitation2.6 billion lack basic sanitation

�� 50% of patients in hospitals are there for 50% of patients in hospitals are there for 

waterwater--related diseasesrelated diseases

�� 1.8 million children die each year from 1.8 million children die each year from 

diarrheadiarrhea

�� 1.1 billion people gained access to safe 1.1 billion people gained access to safe 

drinking water from 1990 drinking water from 1990 -- 20022002

Source: 2006 UN Human Development Report



Water Issue: Water QualityWater Issue: Water Quality

�� In the developed world water quality is better In the developed world water quality is better 

than ever but still needs significant than ever but still needs significant 

investments to meet present day standardsinvestments to meet present day standards

�� The developing world  still has some terrible The developing world  still has some terrible 

problems although improvingproblems although improving

�� Relatively few water supplies are protected Relatively few water supplies are protected 
from disinfectant resistant from disinfectant resistant ““supersuper--bugsbugs””



Source: Blue Planet Run, R. Source: Blue Planet Run, R. SmolanSmolan, 2008, 2008

Water Issue: Water AvailabilityWater Issue: Water Availability



Water Issue: Water AvailabilityWater Issue: Water Availability
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Water Issue: Water AvailabilityWater Issue: Water Availability
Global water useGlobal water use

Source: UN Educational Scientific and Cultural Organization
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Water Issue: Water AvailabilityWater Issue: Water Availability
The Effect of Population and The Effect of Population and 

Increased Economic ActivityIncreased Economic Activity
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Water Issue: Water AvailabilityWater Issue: Water Availability

�� Groundwater level is lowering in excess of Groundwater level is lowering in excess of 
1m per year in major growing areas (India, 1m per year in major growing areas (India, 

China, Pakistan, USA)China, Pakistan, USA)

�� Global warming reduces water storage and Global warming reduces water storage and 
therefore water availability therefore water availability 

�� Some major rivers barely reach the seaSome major rivers barely reach the sea

Source: Scripps Inst. of 
Oceanography, San Diego



Water Issue: Water AvailabilityWater Issue: Water Availability
The Increasing Requirements for The Increasing Requirements for 

IrrigationIrrigation
Percentage of Total Global Land Area in Very Dry Conditions Percentage of Total Global Land Area in Very Dry Conditions 

(Land areas within 60(Land areas within 60ooSS--7575ooN)N)

Source: National Center for Atmospheric Research
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Water Issue: Water AvailabilityWater Issue: Water Availability
Water Availability and Need are in a Water Availability and Need are in a 

Collision CourseCollision Course

�� Irrigation requirement are increasing Irrigation requirement are increasing 
dramaticallydramatically

�� Water supplies, especially for agriculture are Water supplies, especially for agriculture are 

decreasing decreasing 



Water Issue: Cost of UpgradingWater Issue: Cost of Upgrading
Supply and SanitationSupply and Sanitation

�� Current global expenditure exceed $400 B/yearCurrent global expenditure exceed $400 B/year

�� Needed upgrades for the US to meet EPA Needed upgrades for the US to meet EPA 
standards is an additional $20B/yearstandards is an additional $20B/year

�� The Millennium Development Goals (MDG) for The Millennium Development Goals (MDG) for 
those without microbiologically safe water or those without microbiologically safe water or 
basic sanitation range in cost from $9 to $30Bbasic sanitation range in cost from $9 to $30B

�� Global bottled water expenditures are close to Global bottled water expenditures are close to 
$100B$100B



Water Issue: Costs of UpgradingWater Issue: Costs of Upgrading
Energy Used in CaliforniaEnergy Used in California

�� Percentage of the State's Energy used for Percentage of the State's Energy used for 
water (pumping and treatment):water (pumping and treatment):

–– 19% of its electricity19% of its electricity

–– 30% of its natural gas30% of its natural gas

Source: California Energy Board, 2005



Water Issue: Cost of UpgradingWater Issue: Cost of Upgrading
Energy Used in CaliforniaEnergy Used in California

Typical Electricity use in California in kwh/mTypical Electricity use in California in kwh/m33

4.054.051.811.81TotalTotal

1.151.151.151.15Wastewater TreatmentWastewater Treatment

0.550.550.550.55Water DistributionWater Distribution

0.050.050.050.05Water TreatmentWater Treatment

2.32.30.010.01Water SupplyWater Supply

Southern CASouthern CANorthern CANorthern CA

Water rates in Los Angeles: $1/m3



Water Issue: The Interaction between Water Issue: The Interaction between 
Water, Food and EnergyWater, Food and Energy

The Cycle of the Necessities of LifeThe Cycle of the Necessities of Life

FOOD

WATER

POPULATION 
INCREASE

ENERGY

Population drives the depletion of all resources



The Equation of Human Impact on The Equation of Human Impact on 
the Earththe Earth

I = P x A x T

Where

I = Impact on the Globe
P = Population
A = Income/Capita

T = Impact/$ income



Part 2Part 2

The Membrane Technology The Membrane Technology 
Success StorySuccess Story



The Developed World The Developed World 
Picture in 1980Picture in 1980

�� Most sewage treatment plants upgraded to Most sewage treatment plants upgraded to 
secondary levelsecondary level

�� Industrial plants are learning to control their Industrial plants are learning to control their 
dischargedischarge

�� In the US, In the US, physicophysico--chemical treatment is chemical treatment is 
pushed and failspushed and fails

�� The focus is beginning to shift to nutrients The focus is beginning to shift to nutrients 
and and ““priority pollutantspriority pollutants””

�� Water reuse is of little interestWater reuse is of little interest



Personal Opinions in 1980Personal Opinions in 1980

�� Putting waste into the environment is Putting waste into the environment is 
morally wrong so recycle wastewatermorally wrong so recycle wastewater

�� Need to develop technology to handle the Need to develop technology to handle the 
““exoticexotic”” microbial and chemical pollutantsmicrobial and chemical pollutants

�� Membrane technology has the potential to Membrane technology has the potential to 
make drinking water and wastewater reuse make drinking water and wastewater reuse 
safe safe 



How Membranes WorkHow Membranes Work

Electron microscope view of the Electron microscope view of the 
membrane surfacemembrane surface

HollowHollow--Fiber MembraneFiber Membrane



Membrane Technology OverviewMembrane Technology Overview
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Membranes in 1980Membranes in 1980

�� Spiral Module Reverse Osmosis already Spiral Module Reverse Osmosis already 
established for small flowsestablished for small flows

�� Tubular Tubular UltrafiltrationUltrafiltration used for small scale used for small scale 

industrial filtrationindustrial filtration



Spiral Wound MembranesSpiral Wound Membranes

Typically used in 
Reverse Osmosis 
and Nanofiltration
applications



1980s Pressurized Hollow Fiber 1980s Pressurized Hollow Fiber 
Membranes are introducedMembranes are introduced

Used for Industrial Applications



To Dream the Impossible DreamTo Dream the Impossible Dream

Don Quixote and Sancho Panza



Two Don Two Don QuixotesQuixotes of the Early of the Early 
19801980’’ss

�� Francois Francois FiessingerFiessinger

�� Andrew BenedekAndrew Benedek



Hollow Fiber Membranes in Hollow Fiber Membranes in 
Drinking WaterDrinking Water

The Beginning of the Technology The Beginning of the Technology 
ShiftShift



UF/MF Membranes Simplify UF/MF Membranes Simplify 
Water TreatmentWater Treatment

Typical conventional treatment process

MF/UF membrane process – Direct Filtration for turbidity and pathogen removal
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Late 1980s Late 1980s –– Pressurized Hollow Pressurized Hollow 
Fibers for Drinking WaterFibers for Drinking Water

MemcorMemcor MFMF -- oldest plant: (1987)oldest plant: (1987) AquaSourceAquaSource UF UF 

oldest plant: (1984)oldest plant: (1984)



Conventional Wastewater Conventional Wastewater 
Treatment Flow SheetTreatment Flow Sheet

ActivatedActivated
SludgeSludge

SecondarySecondary
Clarifier Clarifier 

SandSand
Filter Filter 

PrimaryPrimary
ClarifierClarifier

SludgeSludge
DigestionDigestion

To SludgeTo Sludge
Dewatering Dewatering 



Early 1980s the Thetford/ZENON Early 1980s the Thetford/ZENON 
Membrane Bioreactor (MBR)Membrane Bioreactor (MBR)

ZENON sold Small Membrane Bioreactors to ZENON sold Small Membrane Bioreactors to 
industries and developers for sewageindustries and developers for sewage

screen bioreactor Tubular membranes



Immersed Membrane in MBR Immersed Membrane in MBR 
Replaces Clarification and FiltrationReplaces Clarification and Filtration

Conventional WAS process

ActivatedActivated
SludgeSludge

SecondarySecondary
Clarifier Clarifier 

SandSand
Filter Filter 

PrimaryPrimary
ClarifierClarifier

SludgeSludge
DigestionDigestion To SludgeTo Sludge

Dewatering Dewatering 

ActivatedActivated

SludgeSludge

To Sludge Dewatering To Sludge Dewatering 

Immersed Membrane Bioreactor



BOD BOD < 5 mg/L< 5 mg/L (typically non(typically non--detectable)detectable)

TSS TSS < 5 mg/L< 5 mg/L (typically non(typically non--detectable) detectable) 

NH3NH3--N N < 1mg/L< 1mg/L (typically <0.5 mg/L)(typically <0.5 mg/L)

TN TN < 10 mg/L< 10 mg/L (<3 mg/L achievable in warm climate)(<3 mg/L achievable in warm climate)

TP TP < 0.5 mg/L< 0.5 mg/L (<0.1 mg/L achievable)(<0.1 mg/L achievable)

Turbidity Turbidity < 1 NTU (<0.2 NTU 95% of the time)< 1 NTU (<0.2 NTU 95% of the time)

Fecal Fecal ColiformColiform < 10 CFU/100 < 10 CFU/100 mLmL (non(non--detectable)detectable)

SDI  SDI  < 3< 3 Better and longer RO SystemsBetter and longer RO Systems

Typical MBR Effluent QualityTypical MBR Effluent Quality



Mid 1990s Mid 1990s -- Immersed Membranes Immersed Membranes 
enter Drinking Waterenter Drinking Water

Rothesay, NB, Canada, 1500 m3/day



Inlet Operating Pressures for Inlet Operating Pressures for 
UltrafiltrationUltrafiltration
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Reduced Footprint allowed for Filter 
Retrofit

Comparison for a 190 MLD DW plant

Compare size to 

2 football fields

(each 360 ft long)

High Rate

3,500 m2

Membrane 

1,200 m2

HDT: 10 min

Conventional 

12,000 m2

Filtration

Sedimentation

Flocculation

HDT: 45 min



Early 2000s, immersed membranes Early 2000s, immersed membranes 

simplified plant design and allowed entry simplified plant design and allowed entry 
into larger DW plantsinto larger DW plants

In 5 years, Plant capacities grew from 1 – 150 MLD

Olivenhain, CA: Reservoir 126 MLD - 2002

Anthem, Az: Surface Water,  8 MLD - 1998



Total Installed ZeeWeedTotal Installed ZeeWeed®® Capacity Capacity 
for Drinking Water Treatmentfor Drinking Water Treatment**
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Growth in DW Plant Capacity Growth in DW Plant Capacity 
Breaking the Size BarriersBreaking the Size Barriers•• 1980s1980s1980s1980s1980s1980s1980s1980s MemcorMemcorMemcorMemcorMemcorMemcorMemcorMemcor, , , , , , , , AquaSourceAquaSourceAquaSourceAquaSourceAquaSourceAquaSourceAquaSourceAquaSource <0.5 MLD<0.5 MLD<0.5 MLD<0.5 MLD<0.5 MLD<0.5 MLD<0.5 MLD<0.5 MLD•• 1990s    Kenosha, WI1990s    Kenosha, WI1990s    Kenosha, WI1990s    Kenosha, WI1990s    Kenosha, WI1990s    Kenosha, WI1990s    Kenosha, WI1990s    Kenosha, WI 10 MLD10 MLD10 MLD10 MLD10 MLD10 MLD10 MLD10 MLD•• 19981998199819981998199819981998 Collingwood, OnCollingwood, OnCollingwood, OnCollingwood, OnCollingwood, OnCollingwood, OnCollingwood, OnCollingwood, On 28 MLD28 MLD28 MLD28 MLD28 MLD28 MLD28 MLD28 MLD•• 19991999199919991999199919991999 Clay Lane, UKClay Lane, UKClay Lane, UKClay Lane, UKClay Lane, UKClay Lane, UKClay Lane, UKClay Lane, UK 160 MLD160 MLD160 MLD160 MLD160 MLD160 MLD160 MLD160 MLD•• 1999       Pittsburgh, Pa1999       Pittsburgh, Pa1999       Pittsburgh, Pa1999       Pittsburgh, Pa1999       Pittsburgh, Pa1999       Pittsburgh, Pa1999       Pittsburgh, Pa1999       Pittsburgh, Pa 80 MLD80 MLD80 MLD80 MLD80 MLD80 MLD80 MLD80 MLD•• 20022002200220022002200220022002 OlivenhainOlivenhainOlivenhainOlivenhainOlivenhainOlivenhainOlivenhainOlivenhain, Ca, Ca, Ca, Ca, Ca, Ca, Ca, Ca 110 MLD110 MLD110 MLD110 MLD110 MLD110 MLD110 MLD110 MLD•• 20022002200220022002200220022002 ColibanColibanColibanColibanColibanColibanColibanColiban, Australia, Australia, Australia, Australia, Australia, Australia, Australia, Australia 125 MLD125 MLD125 MLD125 MLD125 MLD125 MLD125 MLD125 MLD•• 20032003200320032003200320032003 Chestnut, SingaporeChestnut, SingaporeChestnut, SingaporeChestnut, SingaporeChestnut, SingaporeChestnut, SingaporeChestnut, SingaporeChestnut, Singapore 270 MLD270 MLD270 MLD270 MLD270 MLD270 MLD270 MLD270 MLD•• 20052005200520052005200520052005 MinneapolisMinneapolisMinneapolisMinneapolisMinneapolisMinneapolisMinneapolisMinneapolis, , , , , , , , MnMnMnMnMnMnMnMn 296 MLD296 MLD296 MLD296 MLD296 MLD296 MLD296 MLD296 MLD•• 20072007200720072007200720072007 Lakeview, OnLakeview, OnLakeview, OnLakeview, OnLakeview, OnLakeview, OnLakeview, OnLakeview, On 302 MLD302 MLD302 MLD302 MLD302 MLD302 MLD302 MLD302 MLD•• 2007       Moscow, Russia   2007       Moscow, Russia   2007       Moscow, Russia   2007       Moscow, Russia   2007       Moscow, Russia   2007       Moscow, Russia   2007       Moscow, Russia   2007       Moscow, Russia   275 MLD275 MLD275 MLD275 MLD275 MLD275 MLD275 MLD275 MLD•• 20082008200820082008200820082008 Twin Oaks, CaTwin Oaks, CaTwin Oaks, CaTwin Oaks, CaTwin Oaks, CaTwin Oaks, CaTwin Oaks, CaTwin Oaks, Ca 400 MLD400 MLD400 MLD400 MLD400 MLD400 MLD400 MLD400 MLDRothesayRothesay, NB, NB

Collingwood, ONCollingwood, ON

OlivenhainOlivenhain, CA, CA

Dates of Plant OperatingLakeview, OnLakeview, On



Summary of Twin Oaks comparisonSummary of Twin Oaks comparison

4 log3 logCryptosporidium
removal

4.5 log2 logGiardia removal

5.5 log4 logVirus removal (UF)

12.0 acres12.0 acres19.7 acres19.7 acresPlant FootprintPlant Footprint

$6.7M/yr$6.7M/yr$6.3M/yr$6.3M/yrAnnual O&M CostsAnnual O&M Costs

$181M$181M$175M$175MCapital CostsCapital Costs

Immersed Immersed 

Membrane Plant Membrane Plant 

(ZW(ZW--1000)1000)

Conventional Conventional 

Plant Plant 



Conventional treatment Membrane treatment

Municipal Drinking Water: Membranes Municipal Drinking Water: Membranes 
are becoming standard technologyare becoming standard technology

• Mature 19th century technology 

• Large land requirement

• Coarse filtration, no physical 
barrier

• Need multiple steps for coarse 
filtration

• Labor and chemical intensive

• Dependent on chlorine for 
disinfection

• Chemical-free treatment

• Physical barrier more reliable filtration

• Compact footprint; 

• Fully automated with minimal 
chemical use

• Cost effective

• Meets public demand for better 
treatment



Early MBR CompetitorsEarly MBR Competitors

�� ZENON with reinforced Hollow FibersZENON with reinforced Hollow Fibers

�� Kubota with Flat SheetsKubota with Flat Sheets

�� Mitsubishi with nonMitsubishi with non--reinforced Hollow Fibersreinforced Hollow Fibers



Growth in MBR Plant CapacityGrowth in MBR Plant Capacity

�� 1990s   1990s   1990s   1990s   1990s   1990s   1990s   1990s   ZenonZenonZenonZenonZenonZenonZenonZenon, Kubota, Kubota, Kubota, Kubota, Kubota, Kubota, Kubota, Kubota <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 MLDMLD

�� 19921992 Mansfield, OHMansfield, OHMansfield, OHMansfield, OH 0.2 MLD0.2 MLD0.2 MLD0.2 MLD
� 1994199419941994 Windsor, CanadaWindsor, CanadaWindsor, CanadaWindsor, Canada 0.8 MLD0.8 MLD0.8 MLD0.8 MLD
�� 19981998199819981998199819981998 Key Colony, FLKey Colony, FLKey Colony, FLKey Colony, FLKey Colony, FLKey Colony, FLKey Colony, FLKey Colony, FL 4 4 4 4 4 4 4 4 MLDMLD

�� 20022002200220022002200220022002 SwanageSwanageSwanageSwanageSwanageSwanageSwanageSwanage, UK, UK, UK, UK, UK, UK, UK, UK 13 13 13 13 13 13 13 13 MLDMLD

�� 20022002200220022002200220022002 BresciaBresciaBresciaBresciaBresciaBresciaBresciaBrescia, Italy, Italy, Italy, Italy, Italy, Italy, Italy, Italy 45 45 45 45 45 45 45 45 MLDMLD

�� 20042004200420042004200420042004 NordkanalNordkanalNordkanalNordkanalNordkanalNordkanalNordkanalNordkanal, Germany, Germany, Germany, Germany, Germany, Germany, Germany, Germany 50 MLD50 MLD50 MLD50 MLD50 MLD50 MLD50 MLD50 MLD
�� 20082008200820082008200820082008 Loudon County ,Loudon County ,Loudon County ,Loudon County ,Loudon County ,Loudon County ,Loudon County ,Loudon County ,VaVaVaVaVaVaVaVa 40 MLD40 MLD40 MLD40 MLD40 MLD40 MLD40 MLD40 MLD
� 2008200820082008 BeiXiaoHeBeiXiaoHeBeiXiaoHeBeiXiaoHe, China, China, China, China 53 MLD53 MLD53 MLD53 MLD
� 2008200820082008 Singapore, 2 plantsSingapore, 2 plantsSingapore, 2 plantsSingapore, 2 plants 118 MLD118 MLD118 MLD118 MLD
�� 2010      2010      2010      2010      2010      2010      2010      2010      JumeirahJumeirahJumeirahJumeirahJumeirahJumeirahJumeirahJumeirah Gulf Est.Gulf Est.Gulf Est.Gulf Est.Gulf Est.Gulf Est.Gulf Est.Gulf Est. 240 MLD240 MLD240 MLD240 MLD240 MLD240 MLD240 MLD240 MLD
�� 2011    2011    2011    2011    2011    2011    2011    2011    BrightwaterBrightwaterBrightwaterBrightwaterBrightwaterBrightwaterBrightwaterBrightwater 162 MLD162 MLD162 MLD162 MLD162 MLD162 MLD162 MLD162 MLDMt Washington, BCMt Washington, BC

CreemoreCreemore, ON, ON

BresciaBrescia, Italy, Italy

Dates of Plant Operating



Municipal Wastewater Treated by Municipal Wastewater Treated by 
ZeeWeedZeeWeed®® MBRMBR* * 
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4646

Membranes vs. Conventional forMembranes vs. Conventional for
Tertiary TreatmentTertiary Treatment

ConventionalConventional

Sand filtrationSand filtration

AirAir

PermeatePermeate
PumpPump

RejectReject

TertiaryTertiary

TreatedTreated

WaterWater

PostPost--
DisinfectionDisinfection

Treated Waste Treated Waste 
WaterWater

screenscreen
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Waste WaterWaste Water

PostPost--
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Growth in Tertiary Filtration Plant Growth in Tertiary Filtration Plant 
CapacityCapacity

�� 20012001200120012001200120012001PemexPemexPemexPemexPemexPemexPemexPemex, Mexico , Mexico , Mexico , Mexico , Mexico , Mexico , Mexico , Mexico 24 MLD24 MLD24 MLD24 MLD24 MLD24 MLD24 MLD24 MLD
�� 2002 2002 2002 2002 2002 2002 2002 2002 BedokBedokBedokBedokBedokBedokBedokBedok, Singapore, Singapore, Singapore, Singapore, Singapore, Singapore, Singapore, Singapore 28 MLD28 MLD28 MLD28 MLD28 MLD28 MLD28 MLD28 MLD
�� 2002 2002 2002 2002 2002 2002 2002 2002 KranjiKranjiKranjiKranjiKranjiKranjiKranjiKranji, Singapore, Singapore, Singapore, Singapore, Singapore, Singapore, Singapore, Singapore 41 MLD41 MLD41 MLD41 MLD41 MLD41 MLD41 MLD41 MLD
�� 2006 Gwinnett County, GA2006 Gwinnett County, GA2006 Gwinnett County, GA2006 Gwinnett County, GA2006 Gwinnett County, GA2006 Gwinnett County, GA2006 Gwinnett County, GA2006 Gwinnett County, GA 160 MLD160 MLD160 MLD160 MLD160 MLD160 MLD160 MLD160 MLD
�� 2006 2006 2006 2006 2006 2006 2006 2006 SulabiyaSulabiyaSulabiyaSulabiyaSulabiyaSulabiyaSulabiyaSulabiya, Kuwait, Kuwait, Kuwait, Kuwait, Kuwait, Kuwait, Kuwait, Kuwait 400 MLD400 MLD400 MLD400 MLD400 MLD400 MLD400 MLD400 MLD
�� 2007  2007  2007  2007  2007  2007  2007  2007  UluUluUluUluUluUluUluUlu PandanPandanPandanPandanPandanPandanPandanPandan, Singapore., Singapore., Singapore., Singapore., Singapore., Singapore., Singapore., Singapore. 148 MLD148 MLD148 MLD148 MLD148 MLD148 MLD148 MLD148 MLD
�� 2008 Orange County, CA2008 Orange County, CA2008 Orange County, CA2008 Orange County, CA2008 Orange County, CA2008 Orange County, CA2008 Orange County, CA2008 Orange County, CA 315 MLD315 MLD315 MLD315 MLD315 MLD315 MLD315 MLD315 MLD
�� 2010  2010  2010  2010  2010  2010  2010  2010  ChangiChangiChangiChangiChangiChangiChangiChangi, Singapore., Singapore., Singapore., Singapore., Singapore., Singapore., Singapore., Singapore. 227 MLD227 MLD227 MLD227 MLD227 MLD227 MLD227 MLD227 MLD

Dates of Plant Operating



APPLICATIONSAPPLICATIONS
-- UltraUltra--pure water productionpure water production

-- Seawater desalinationSeawater desalination

-- Water reuseWater reuse

BENEFITSBENEFITS
-- Process simplificationProcess simplification

-- Protection of RO membranesProtection of RO membranes

-- Silt Density Index < 3Silt Density Index < 3

Reverse OsmosisReverse OsmosisUFUF

MFMF--UF/RO: a Perfect Couple to UF/RO: a Perfect Couple to 

become more common with timebecome more common with time



Growth in Sea Water PretreatmentGrowth in Sea Water Pretreatment

�� 2003 2003 2003 2003 2003 2003 2003 2003 KindasaKindasaKindasaKindasaKindasaKindasaKindasaKindasa, SA, SA, SA, SA, SA, SA, SA, SA 95 MLD95 MLD95 MLD95 MLD95 MLD95 MLD95 MLD95 MLD
�� 20052005200520052005200520052005 YuhuanYuhuanYuhuanYuhuanYuhuanYuhuanYuhuanYuhuan, China, China, China, China, China, China, China, China 80 MLD80 MLD80 MLD80 MLD80 MLD80 MLD80 MLD80 MLD
�� 20052005200520052005200520052005 XinquanXinquanXinquanXinquanXinquanXinquanXinquanXinquan, China, China, China, China, China, China, China, China 100 MLD100 MLD100 MLD100 MLD100 MLD100 MLD100 MLD100 MLD
�� 2006 2006 2006 2006 2006 2006 2006 2006 EscombrasEscombrasEscombrasEscombrasEscombrasEscombrasEscombrasEscombras, Spain, Spain, Spain, Spain, Spain, Spain, Spain, Spain 144 MLD144 MLD144 MLD144 MLD144 MLD144 MLD144 MLD144 MLD
�� 20082008200820082008200820082008 MagtaaMagtaaMagtaaMagtaaMagtaaMagtaaMagtaaMagtaa, Algeria, Algeria, Algeria, Algeria, Algeria, Algeria, Algeria, Algeria 1056 MLD1056 MLD1056 MLD1056 MLD1056 MLD1056 MLD1056 MLD1056 MLD
Dates of Plant Awarded



Industrial WastewaterIndustrial Wastewater
UF membranes can handle the most UF membranes can handle the most 

difficult industrial wastewatersdifficult industrial wastewaters
�� The more difficult the The more difficult the 

wastewater, the more wastewater, the more 
membranes standmembranes stand--out out 
versus competing versus competing 
technologies technologies –– eg. high eg. high 
strength, variable strength, variable 
pharmaceutical wastespharmaceutical wastes

�� Particularly suitable for Particularly suitable for 
water reuse of difficult water reuse of difficult 
wastewaters like wastewaters like 
refinery effluentsrefinery effluents

�� Proven references in Proven references in 
virtually every industryvirtually every industry

Pfizer plant, Ireland

Pemex plant,Mexico

Shell, Qatar, Veolia



Applications of Membranes for Applications of Membranes for 
Water and  Wastewater TreatmentWater and  Wastewater Treatment

�� Drinking Water TreatmentDrinking Water Treatment

�� Wastewater TreatmentWastewater Treatment

�� Water ReuseWater Reuse

�� DesalinationDesalination

�� Industrial SystemsIndustrial Systems

�� Distributed SystemsDistributed Systems



Commercialization of New Commercialization of New 
TechnologyTechnology

Moore, Inside the Tornado, 1995



Results when you do it right:Results when you do it right:
Exponential Sales GrowthExponential Sales Growth
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Results when you REALLY do it Right!Results when you REALLY do it Right!

Source: Blue Planet Run, R. Source: Blue Planet Run, R. SmolanSmolan, 2008, 2008



Part 3Part 3

Toward the Solution for Toward the Solution for 

Water ProblemsWater Problems



A Reminder of Water Problems   A Reminder of Water Problems   
from Part 1from Part 1

�� Water shortages in fast growing citiesWater shortages in fast growing cities

�� Lack of safe water and adequate sanitation Lack of safe water and adequate sanitation 
in many developing countries due to lack of in many developing countries due to lack of 

fundsfunds

�� Energy shortages and costs may be limiting Energy shortages and costs may be limiting 
water availabilitywater availability

�� Water shortages for farmers will reduce our Water shortages for farmers will reduce our 

food supplyfood supply



Application of Membrane Application of Membrane 
Technology for Alleviating Water Technology for Alleviating Water 

ProblemsProblems

�� In Developed Countries In Developed Countries –– e.g. Singaporee.g. Singapore

�� In Undeveloped Countries In Undeveloped Countries –– the potential of the potential of 
distributed water networksdistributed water networks



The Water Situation in SingaporeThe Water Situation in Singapore

�� Very low renewable water sources Very low renewable water sources 
(139,000 m3/year)(139,000 m3/year)

�� High water use (534,000 m3/year)High water use (534,000 m3/year)

�� Lowest distribution water loss (< 5%)Lowest distribution water loss (< 5%)

�� Highest direct reuse (>20%)Highest direct reuse (>20%)

Source: World Bank FAO Stat 2005



Membrane Plants in SingaporeMembrane Plants in Singapore

13613611DesalinationDesalination

14114133WasteWaterWasteWater tmttmt

(MBR)(MBR)

55855855Water Reuse Water Reuse 

((NEWaterNEWater))

45545522Potable WaterPotable Water

Total Capacity Total Capacity 

by 2010by 2010

(1000 m(1000 m33/day)/day)

No. of PlantsNo. of PlantsApplicationApplication



Sources of Water in SingaporeSources of Water in Singapore

1. In 2000, all water demand was met by the 
Johor sources

2. In 2003 and 2005, Singapore diversified its 
water resources with 2 additional water taps

1.NEWater
2.Desalination

3.By 2011, the NEWater plants will have a 
combined capacity to meet 30% of 
Singapore's water needs



Distribution Cost are the Major Costs Distribution Cost are the Major Costs 
in Water Supply and Sanitationin Water Supply and Sanitation

�� Rule of Thumb: 80% of capital costs are in Rule of Thumb: 80% of capital costs are in 
water transportwater transport

�� The Paradigm Shift: Distributed Water The Paradigm Shift: Distributed Water 

NetworksNetworks

�� Benefits: Avoid more than 50% pf the Benefits: Avoid more than 50% pf the 
infrastructure costs and reduce water needinfrastructure costs and reduce water need



Application of Membrane TechnologyApplication of Membrane Technology
Developing Countries or New Cities Developing Countries or New Cities 

Distributed NetworksDistributed Networks

PumpingPumping
StationStation

Suburb 3Suburb 3

LakeLake

City CoreCity Core

Suburb 2Suburb 2

Central Central 
treatment planttreatment plant

GroundwateGroundwate
r recharger recharge

Local Local 
reusereuse

Local Local 
dischargedischargeMembraneMembrane MembraneMembraneMembrane

Suburb 1Suburb 1



Don Quixote Thinking for the 21Don Quixote Thinking for the 21stst

CenturyCentury

Solving the Energy and Agriculture Solving the Energy and Agriculture 

Water Shortage ProblemsWater Shortage Problems

�� Membranes without energyMembranes without energy

�� Wastewater plants producing surplus energyWastewater plants producing surplus energy

�� Growing plants with no waterGrowing plants with no water



Membranes without EnergyMembranes without Energy
An Example from Nature An Example from Nature ��������

the Mangrove Treethe Mangrove Tree



WasteWaterWasteWater Plants Producing Plants Producing 
Surplus EnergySurplus Energy

Typical VSS in Typical VSS in 
WastewaterWastewater

Energy ContentEnergy Content

Maximum Available Maximum Available 
EnergyEnergy

600 mg/L600 mg/L

6 MJ/m6 MJ/m33

1.7 KWh/m1.7 KWh/m33



A Possible Process to Make A Possible Process to Make 
Energy from WasteEnergy from Waste

Electricity 
or 

Biogas
Digester

Low Energy 
Ultrafiltration

Treated 
Water

Benefit: From consuming 0.5 KWh/m3 to producing 0.5 KWh/m3

Waste 
Water

Nutrients



Growing Plants With no WaterGrowing Plants With no Water

�� Irrigation can be cut out by better collection Irrigation can be cut out by better collection 
of moisture in fog and rainof moisture in fog and rain

�� Water use by plants can be cut dramatically Water use by plants can be cut dramatically 

by adding root level water retention by adding root level water retention 
materials and genetic engineeringmaterials and genetic engineering



SummarySummary
�� The worldThe world’’s facing a water crisis beyond the s facing a water crisis beyond the 

expectations of most water professionalsexpectations of most water professionals

�� Urgent global Government action is required to Urgent global Government action is required to 
solve water problems in developing countriessolve water problems in developing countries

�� Urgent solutions are needed to improve water use Urgent solutions are needed to improve water use 

in agriculture to avoid major food shortagesin agriculture to avoid major food shortages

�� Membranes and other future Don Quixote Membranes and other future Don Quixote 

technologies can dramatically lower the cost of technologies can dramatically lower the cost of 

solutions to the water crisis.solutions to the water crisis.



Will you be the Next Will you be the Next 

Don Quixote?Don Quixote?


