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Water is Life: Flowers Bloom in the Desert
Atacama, Chile: The driest place in earth (0.1 to 50 mm rainfall per year)

Atacama

Death Valley, 
California Namaqua 

National Pärk, 
South Africa
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Water Reuse Gives Life: Flowers Grown                  
              in the Desert 

                     of California 
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Water Reuse Market Drivers

Thirsty Planet

By 2025 50% of the world’s
population under
water stress

 Water scarcity

 Cost of water

 Regulatory drivers

 Technology drivers

 Corporate behavior

 Discharge limits

= Challenges
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Economics
Capex + Opex of treatment & 
distribution of recycled water

Financing
Tariffs and water pricing, cost recovery, 

market value

Socio-psychological
Public perception & attitudes; 
communication & education

Policy, regulations, 
administration

Incentives, 
good practices

Technical issues

Major Challenges for Sustainable 
Growth of Water Reuse
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Key Issues and Challenges for 
Sustainable Growth of Water Reuse

1. New policies and regulations

Provide incentives for water reuse and reform water rights

Frame best management practice and feasible regulatory frameworks

2. Implementation of Innovative technologies & tools

Advance in engineering and technology
✓ Long-term efficiency of full-scale installations
✓ Compatibility with existing technologies and infrastructure
✓ Failure risk management 
✓ Monitoring: sensor reliability, calibration and data analysis 

Energy and cost effetiveness

✓ Water & energy nexus

✓ Cost & risk nexus

Soft science: health & environmental risk assessment, monetary and non-
monetary benefits, public perception & education…
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..Let us see..
This is safe ..or 

harmful?! 

New Challenges of Regulatory Policy 
Advance in Science and Precautionary Principle

Endocrine disruptors  and pharmaceuticals

Prion deseases
Microplastics
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Technical Challenges − Considered as the 
Less Important Water Reuse Barrier ?!?

What’s 

this?   

1️⃣ 2️⃣
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Main categories of 

water reuse

Source: Asano 2002; Lazarova et al. 2013

Technology as Enabler of Sustainable 
Water Cycles − Water Quality ≠ Source of Water

With current 
technologies, 
source water 
quality 
no longer 
dictates 
product water 
quality
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Technology as Enabler of Sustainable 
Water Cycles

Typical 
Treatment 
Schemes for 
Water Reuse
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Technology as Enabler of Sustainable 
Water Cycles − The Role of Membranes

1950s Electrodialysis at 
large scale

1960s
UF cellulosic membranes
MBR (Japan)

.

1.Industrial 
applications

1965
First large RO plant

1976
Synthetic polymers
Nanofiltration

1990s
Aquasource UF

Groundwater
>30 plants

1997
First large DWT

Vigneux sur Seine 
55,000 m3/d

2008
San Diego Twin Oaks 

Valley, CA
380,000 m3/d
Largest DWT
ZeeWeed UF

3. Drinking Water 

1977s
Water Factory 21, 
CA 
38,000 m3/d
First RO for indirect 
potable reuse

2. Water Reuse

2004
Sulaibiya, 
Kuwait, UF/RO
375,000 m3/d
Irrigation
1650 ha

1995
West Basin, 

California
MF/RO/UV-H2O2

47,300 m3/d
(total 170,000 m3/d)

153 injection wells 

2008, OCWD, 
MF/RO/UV-H2O2

265,000 m3/d

20102000199019801970
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Low pressure
membranes

Reverse 
osmosis UV + H2O2

Secondary
effluent

Advanced membrane treatment (MF/RO & UF/RO) is considered as 
«Best Available Technology» (plus AOP for potable reuse)
✓ Potable reuse and aquifer recharge (Australia, California, Belgium, Singapore…)

✓ Industrial reuse (Australia, California, China, Hawaii, India, Singapore..) 

✓ Agricultural and landscape Irrigation (China, Kuwait, Spain…)

Increasing interest in non-membrane technologies (BF, O3, AC…)

Secondary 
treatment 

(C, N, P)

Tertiary 
Treatment
(Filtration)

Secondary 
treatment 

(C, N, P)

Advanced Treatment
(O3, GAC, BAC, UF&MF, RO, 

UV/AOP)

Stabilisation 
& post-

chlorination

Technology as Enabler of Sustainable 
Water Cycles – Production of High Quality 
Recycled Water
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Initial Ground Breaking Research

Pilot Plant 
Study

Demonstration 
Study
(1998 – 2002)

Full-scale 
implementation
(2003 – present)

Learning from overseas 
experience
(Water Factory 21, etc)

 Test of reliability and robustness of MF/RO, UF/RO, UV…
 Operational experience used for the design of full-scale plants
 Lessons learned applied to new plants and expansions

Gaining public 
perception

Step by step process
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Technology as Enabler of Sustainable 
Water Cycles − The NeWater Story
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Technology Innovation − Unexplored 
Potential
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Ozonation − Major Advantages

Suitable for all microorganisms: 
viruses, bacteria and protozoa 
cysts

Yields additional water quality 
improvement: removal of colour, 
odour and refractory organics

Efficient for low quality effluents

Near-complete removal of 
emerging organic micropollutants
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Ozone Disinfection
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Secondary effluents

Tertiary effluents

Disinfected effluents

1.3*10
5
 (8.8*10

2
-1*10

6
)

3.6*10
4
 (6.8*10

2
-4.2*10

5
)

88 (56-599) E.coli /100 mL

Log removal: 4.1 (2.8-5.6) 

Suspended solids

geom. mean 1.3; median 0.8 

(0.2 to 5) mg/L

Target requirement 1000 E.coli /100 mL 

Ozone dose 2-5 mg/L

Long-term 
Ozonation 
Performance 
(full-scale)
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Micropollutants Removal
Comparison of Ozone with Other AOP Processes

Betablockers, carbamazepine, diclofenac, sulfamethoxazole, etc. – 
very high removal (>98%    ) with ozone alone at low dose (5 mg/L)

Removal may increase (  ) or decrease (  ) with H2O2 addition or UV 
irradiation

Coexistence 

of radical and 

molecular 

pathways

diazepam

Source: Armistiq project

carbamazepine

⚠️

file://///commons.wikimedia.org/wiki/File:Diazepam.svg
file://///commons.wikimedia.org/wiki/File:Carbamazepine.svg
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 Objectives
✓ Leman Lake health protection and safety

✓ Control of Capex and Opex

✓ High reliability of operation 
and treatment flexibility

 Treatment solution
✓ Enhanced primary treatment 

✓ Enhanced secondary treatment by biofiltration (DN+N)

✓ Advanced tertiary treatment by ozonation, powdered activated carbon, sand filtration and 
final UV disinfection
• Design capacity 8640 m3/d

• Water quality: <10 mgDOC/L, <100 E.coli/100 mL, <100 Enterococci/100 mL, 
12 micropollutants (pharmaceuticals, additives, pesticides)

Preliminary 
Research
(<2009)

Pilot Plant 
Studies
(2011-2014)

Detailed 
design 
(2018)

Full-scale 
implementation
(2020)

⚫ R&D on micropollutant removal 
and selection of 2 technologies

⚫ Side by side pilot tests (PAC+SF, O3+SF, PAC+membranes)
⚫ Expert panel: lessons learned applied to plant design

Primary treatment Secondary treatment Advanced tertiary treatment Final polishing & disinfection

DN N O3 PAC SF UV

Production of High-Quality Recycled 
Water - The case of Lausanne
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EU Minimum Quality for Agricultural 
Irrigation (EU regulation 2020/741) 

<10 E.coli /100mL

<100 E.coli /100mL

<1000 E.coli /100mL

Alfafa, corn, potatoes….

Very difficult in 
practice:

Drip irrigation needs 
filtration

Class A & B for all type of crops

Maturation ponds are excluded 
(class C)
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EU regulation 2020/741 – Microbial 
Performance Targets for Agricultural Irrigation
WHO 2006: theoretical credit for log removal

Australia 2006: log removal is impossible to measure inlet-out of the 
reclamation plant, includes the addition barriers

France 2010: 4 log removal inlet-outlet of the reclamation plant, 
impossible to demonstrate

EU regulation 2020/741
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Towards Zero Health Risk

Increasing health risk requirements (theoretical basis)

Risk of failures should be minimised with reasonable O&M costs
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Integral recycling "zero

discharge" in industry

Quaternary treatment for

groundwater recharge

Tertiary treatment for

industrial purposes

Tertiary treatment for

landscape irrigation and

urban uses

Secondary treatment with

restricted irrigation

Specific cost, US$/m3

Cost of Water Reuse
Range of treatment costs for water reuse (without 
distribution costs)  

(Data 2005)

Maturation ponds
Agricultural irrigation

2000 m3/d
0,68 €/m3 Filtration+UV

Urban irrigation

1000 m3/d
0,96 €/m3

Filtration+MF+RO
Golf course irrigation

4700 m3/d
1,15 €/m3

UV

Theoretical estimation for plant capacity of 40,000 m3/d

Cost of treatment for 
Class A & B of EU 
regulation



Lazarova: Keynote Reuse, Lisbon 19 October, 2023 25

O&M Costs of Advanced Water Reuse

❖O&M costs increase with increasing treatment intensity

✓California: 1,22-1,78 $/m3 for DPR plant capacity <34,000 m3/d; 
0.89-1.3 $/m3 for large plants

✓ Texas: 
0.105-1.00 $/m3 
depending on size and treatment with 
O&M costs 
representing 
39 to 82% of 
lifecycle costs

3785 m3/d 18,925 m3/d 37,850 m3/d 94,625 m3/d

Treatment trains

1) O3+MF/UF+RO+UV/AOP

2) MF/UF+RO+UV/AOP

3) MBR+RO+UV/AOP

4) O3+BAC+MF/UF+UV+Cl

5) MF/UF+O3+BAC+Cl

6) O3+BAC+UV

O&M x3 times higher
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Qualitative risk level associated with each level of treatment and 
for each type of water reuse (US experience)

Ensuring Recycled Water Safety - Risk, 

recycled water quality and required treatment

Class A of 
the EU regulation

for agricultural 
irrigation

<10 E.coli/
100 mL
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Lazarova, Géopolitique de la Réutilisation

27
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How to Succeed Water 
Reuse ? - Cost Efficiency
and Good Practices

Critical 
step for 
health 
protection

Additional 
barriers 
should be 
also included
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Improvement of reliability, performance, flexibility and 
robustness of existing technologies 
✓MBR, biofiltration, advanced oxidation, UV disinfection….

✓Multi-barrier membrane treatment (MF/RO, UF/RO…)

New cost and energy effective technologies 
for conventional and advanced treatment 
✓N&P removal and recovery, micropollutants removal, 

new membranes…
✓ Small scale and rural facilities – ease of operation

Improved monitoring of water quality and process 
performance

✓ On-line monitoring and new surrogate parameters

✓ Broad-spectrum analysis of pathogens, emerging contaminants, 
toxicity, bioassays…

✓ Analytical methods for nanoparticles, microplastics, antibiotic resistance, 
trace organics…

Global Water Reuse Technology 
Innovation Needs
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