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EXECUTIVE SUMMARY

Water scarcity affects over 2 billion people globally, yet traditional linear water systems waste approximately
80% of used water. The circular economy model offers a transformative approach to water management,
reimagining water as a valuable resource that can be continuously cycled through systems rather than
disposed of after single use.

6.1.1 DRINKING WATER
2 mﬂ ‘. 29% of the world's lacked safely managed drinking
[

population water services in 2017

40%
208090000 of the world's
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6.3.1 WASTEWATER
—_— of domestic wastewater is safely treated
Less than in 24 out of the 75 reporting countries A
{most of the 75 are high-income countries) '
6.3.2 WATER QUALITY

Lack of water quality data means

billion | 4e at risk because the health of their
People | rivers, lakes and groundwater is unknown

The circular water economy represents a paradigm shift from the traditional "take-make-dispose" model to
a regenerative system where water is continuously reused, recycled, and restored. This approach not only
addresses water scarcity but also creates economic opportunities, reduces environmental impact, and builds
resilient communities.

2B+ People affected by water scarcity

80% Water wasted in linear systems

70% Water used by agriculture

$1T US infrastructure needs

Key Insight: The circular water economy is not just about managing water—it's about creating a
sustainable future for all. The question is not whether we can afford to implement circular water
systems, but whether we can afford not to.




THE WATER CRISIS: WHY LINEAR SYSTEMS FAIL

Current State of Global Water Systems: The world's water
systems operate predominantly on linear principles. Water is
extracted from natural sources, treated, used once, and
discharged as wastewater. This approach has created
multiple interconnected crises

Scarcity & Stress: Despite water covering 71% of Earth's
surface, only 2.5% is freshwater, and less than 1% is
accessible for human use. Climate change intensifies this
challenge with altered precipitation patterns.

Pollution and Contamination: Industrial  discharge,
agricultural runoff, and inadequate wastewater treatment
have contaminated water sources worldwide. Microplastics
and pharmaceutical residues pose new challenges.

Infrastructure Decay: Aging water infrastructure loses 25-
30% of treated water through leakage in developed
countries, while developing nations face even greater losses

6 &5l B ENSURE AVAILABILITY AND SUSTAINABLE
XY | MANAGEMENT OF WATER AND SANITATION FOR ALL

<

785 MILLION
PEOPLE REMAIN
WITHOUT EVEN
BASIC 2ororh
DRINKING PEOPLE
WATER WORLDWIDE
SERVICES (2017)
HANDWASHING
FAGILITY WITH
SOAP N0 WATER
AT HOME (2017
1 0UT OF 4 C
RORLIWAE LACK BASE T 4 673 MILLION
DRINKING WATER SERVICES 700 MILLION PEOPLE (9% OF THE
(2016 PEOPLE COULD BE GLOBAL POPULATION)
> DISPLACED BY %
BAAA STILL PRACTISE

WATER SCARCITY OPEN DEFECATION

THE MAJORITY OF THEM
ARE IN SOUTHERN ASIA

Economic Inefficiency: The linear model creates economic
waste through single-use water systems, expensive

treatment processes, and loss of valuable resources
contained in wastewater.
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RECYCLING CIRCULAR ECONOMY

RESIDUAL
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The Circular Alternative

CIRCULAR WATER ECONOMY principles offer a
comprehensive solution by creating closed-loop
systems where water is continuously cycled, waste
becomes input, and value is maximized at every stage.
This approach transforms water from a consumable
commodity into a managed resource that supports
economic growth while maintaining environmental
integrity.

e Water Security: Enhances availability through reuse and
recycling, reducing dependence on freshwater sources.

o Cost Savings: Lowers water procurement and wastewater
discharge costs over time.

e Environmental Protection: Reduces pollution and
conserves natural ecosystems by minimizing water extraction
and discharge.

e Resource Recovery: Extracts valuable by-products like
nutrients, biogas, and heat from wastewater.

¢ Climate Resilience: Builds adaptive capacity against water
scarcity, droughts, and climate-related stress.

¢ Regulatory Compliance: Helps industries and cities meet
stricter environmental regulations.




CORE PRINCIPLES OF CIRCULAR WATER ECONOMY

1. Design Out Waste and Pollution

The circular water economy begins with designing
systems that eliminate waste and pollution at their
source. This principle requires fundamental
changes in how we approach water use across all
sectors:

Source Reduction: Implementing water-efficient
technologies and processes that minimize water
consumption while maintaining productivity,
including precision irrigation systems and closed-
loop industrial processes.

Pollution Prevention: Designing systems that
prevent contamination rather than treating it after
the fact, involving non-toxic materials and green
chemistry principles.

System Integration: Connecting water systems to
create synergies where the output of one process
becomes the input for another, exemplified by
industrial symbiosis.
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The 3 Pillars of Circular Economy

@ Rethink products to @ Repair, refurbish, or resell
eliminate waste from the items instead of discarding
start. them.

@ Use non-toxic, recyclable, @ Promote sharing, leasing,
or biodegradable
materials. markets.

@ Return nutrients to
ecosysterns (e.g,
compostable
packaging).

and second-hand @ shift to renewu_b\e energy

and regenerative
farming.

2. Keep Products and Materials in Use

In circular water systems, both water and the materials
it contains are continuously cycled through the
economy:

Water Reuse and Recycling: Implementing multiple
levels of water reuse, from greywater systems in
buildings to advanced water recycling facilities that
produce potable water from wastewater.

Resource Recovery: Extracting valuable materials from
wastewater streams, including nutrients for fertilizer,
energy through biogas production, and materials like
struvite for industrial applications.

Extended Asset Life: Designing water infrastructure
for durability and adaptability, using materials and
technologies that can be upgraded and maintained
over extended periods.

3. Regenerate Natural Systems

Circular water systems work with natural processes to
restore and enhance ecosystem health through
constructed wetlands, managed aquifer recharge, and
watershed restoration programs




STRATEGIC IMPLEMENTATION FRAMEWORK

Phase 1: Assessment and Planning (Months 1-
6)

Water Audit and Mapping: Conduct
comprehensive assessments of current water
flows, identifying inefficiencies, waste streams,
and opportunities for circularity.

Stakeholders Engagement: Build coalitions
among government agencies, businesses,
communities, and environmental
organizations.

Regulatory Analysis: Review existing
regulations and identify barriers to circular
water implementation.

Technology Assessment: Evaluate available
technologies for water treatment, monitoring,
and resource recovery.

Phase 2: Pilot Projects and Demonstration
(Months 7-24)

Industrial Water Circles: Launch pilot projects
in industrial parks and manufacturing facilities
to demonstrate closed-loop water systems.

Municipal Water Reuse: Implement
demonstration projects for municipal water
recycling, including greywater systems and
advanced treatment for potable reuse.

Agricultural Innovation: Deploy precision
irrigation systems, water-efficient crops, and
integrated aquaculture-agriculture systems.

Smart Water Networks: Install sensor
networks and digital management systems
for real-time monitoring and optimization.

Phase 3: Scaling and Integration (Months 25-
60)

Regional Water Circles: Expand successful
pilot projects to regional scales, connecting
multiple users and sectors in integrated water
management systems.

Infrastructure Investment: Implement large-
scale infrastructure projects that support
circular water systems.

Market Development: Create markets for
recycled water, recovered materials, and
water-efficient technologies.

Workforce Development: Train workers in
circular water technologies and management
approaches.

Phase 4: Systemic Transformation (Years 5-
10)

Policy Integration: Embed circular water
economy principles into comprehensive policy
frameworks.

International Cooperation: Develop
frameworks for sharing circular water
technologies across borders.

Innovation Ecosystem: Create ongoing
innovation systems that continuously develop
new technologies.

Cultural Transformation: Achieve widespread
acceptance of circular water principles.




Implementation Timeline

Suategic 4-Phase Approach to Transformation

Assessment and Planning

Months 1-6 1

Foundation phase focusing on comprehensive evaluation, stakeholder alignment. and strategic roadmap development. Establish
baseline metncs. identify key resources. and aeate detailed implementation plans.

Pilot Projects and Demonstration
Months 7-24 2

Exeaute targeted pilot inftiatives to validate approaches and demonstrate value. Build proof of concept, gather feedbadk. refine
processes, and establish success patterns for broader implementation.

Scaling and Integration
* Months 25-60 3

Expand successful pilots acoss the organization. Integrate new processes with existing systems, scale resources, and optimize
operations. Foaus on consistency and effidency improvements.

Systemic Transformation
Years 5-10 4

Achieve full organzational ransformation with embedded new capabiities. Continuous optimzzation, innovation, and adaptation to
evolving requirements. Sustamable long-term mpact and growth.

10 4 60 100%

Total Years Key Phases Implementation Months Transformation Goal




Sector-Specific Strategies

Industrial Sector: Closing the Loop
Industrial water use accounts for 19% of global water

consumption, with significant potential for circularity
improvements:

Industrial

processes
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Process Optimization: Implement closed-loop
manufacturing processes that recycle water within
production systems. The electronics industry has
pioneered ultra-pure water recycling systems achieving
90%+ reuse rates.

Industrial Symbiosis: Create industrial ecosystems
where water, energy, and materials flow between
facilities. The Kalundborg industrial symbiosis in
Denmark demonstrates sharing of steam, water, and
materials.

Zero Liquid Discharge: Implement systems that
eliminate wastewater discharge through complete water
recovery and crystallization of remaining solutes.

Smart Manufacturing: Deploy Industry 4.0 technologies
including loT sensors, artificial intelligence, and
predictive analytics to optimize water use in real-time.

Agricultural Sector: Precision Water
Management

Agriculture consumes 70% of global freshwater, making it
the sector with the greatest potential for circular water
improvements:

Precision Irrigation: Implement sensor-based irrigation
systems that deliver water only when and where needed.
These systems can reduce agricultural water use by 20-
30% while maintaining crop yields.

Crop Selection and Breeding: Develop and deploy
drought-resistant crops and varieties that require less
water while maintaining nutritional value and yield.

Integrated Systems: Create agricultural systems that
combine aquaculture, livestock, and crop production in
ways that recycle nutrients and water between
components.

Treated Wastewater Use: Safely utilize treated municipal
wastewater for agricultural irrigation, providing a reliable
water source while reducing pressure on freshwater
resources. Israel leads in this approach, using treated
wastewater for 50% of agricultural irrigation.
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Municipal Sector: Cities as Water Cycles

Urban areas consume 70% of global water supply and produce 80% of wastewater, making cities critical to circular
water economy success:

Distributed Water Systems: Move beyond centralized treatment to neighborhood-scale systems that treat and
reuse water closer to where it's used.

The natural water cycle The conventional urban water cycle Sustainable urban water cycle
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Storm water Management: Transform storm water from a disposal problem into a valuable resource through
green infrastructure and capture systems.

Building Scale Circularity: Implement greywater systems, rainwater harvesting, and onsite treatment in buildings
to reduce demand on centralized systems.

Total Water Management: Deploy smart meters, leak detection systems, and predictive analytics to optimize
water distribution and reduce losses.
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Technology and Innovation Roadmap

Current Technologies (Ready for Deployment)

Membrane Technologies: Advanced filtration systems
including reverse osmosis, nano-filtration, and
membrane bioreactors that can treat water to any
required quality standard.

Biological Treatment: Enhanced biological treatment
processes that remove contaminants while producing
valuable byproducts. Membrane bioreactors combine
biological treatment with physical separation.

Sensor Networks: Internet of Things (loT) sensors that
monitor water quality, flow rates, and system
performance in real-time.

Digital Twins: Virtual models of water systems that
enable scenario planning, optimization, and predictive
management.

Emerging Technologies (Development Phase)

Advanced Oxidation: Next-generation  treatment
processes that remove emerging contaminants
including pharmaceuticals, personal care products, and
endocrine disruptors.

Artificial Intelligence: Machine learning systems that
optimize water treatment processes, predict equipment
failures, and manage complex water networks.

Biotechnology: Engineered biological systems that
treat water while producing valuable products,
including algae systems that remove nutrients while
producing biomass.

Nanotechnology: Nanomaterials and nanodevices that
enable more efficient water treatment and monitoring.

Future Breakthroughs (Research Phase)

Atmospheric Water Generation: Technologies
that extract water from air humidity, potentially
providing water security in arid regions as
renewable energy costs decline.

Quantum Sensors: Ultra-sensitive  detection
systems that can identify contaminants at
unprecedented levels and enable real-time
monitoring of water quality parameters.

Synthetic Biology: Engineered organisms that can
treat specific contaminants or produce valuable
products from wastewater streams, promising
customized biological solutions.

Advanced Materials: New materials that enable
more efficient water treatment, including self-
cleaning surfaces, advanced membranes, and
smart materials that respond to environmental
conditions.

Contaminated X
water TR
‘ 3
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carbon modifications,
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Purified
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Innovation Focus: The convergence of water,
energy, and digital technologies is creating
unprecedented opportunities for circular water
systems. Future breakthroughs will emerge from
interdisciplinary  collaboration and systems

thinking approaches.




Economic Framework and Business Models

Value Creation Mechanisms

Resource Recovery Revenue: Generate income
from materials recovered from wastewater
streams, including nutrients, energy, and
materials. The potential global market for
recovered resources exceeds $15 billion annually.

Circular Security Premium: Capture value from
providing reliable water supplies in water-stressed
regions. Circular water systems provide resilience
that has quantifiable economic value.

Efficiency Savings: Reduce operational costs
through improved water efficiency, reduced
treatment requirements, and optimized system
performance.

Environmental Services: Monetize ecosystem
services provided by circular water systems,
including groundwater recharge, habitat creation,
and carbon sequestration.

Investment Models

Public Private Partnerships: Combine public
sector oversight with private sector efficiency and
innovation to mobilize private capital for public
infrastructure.

Recover Utilities 2.0: Transform traditional
utilities into resource recovery companies that
provide water services while generating revenue
from recovered materials and energy.

Industrial Water Services: Develop specialized
companies that provide circular water services to
industrial clients, including design, installation, and
operation of closed-loop systems.

Financial Instruments

Green Bonds: Utilize green bond markets to
finance circular water infrastructure. The green
bond market has grown to over $500 billion
annually with significant allocation for water
projects.

Bonded Finance: Combine public, private, and
philanthropic capital to reduce investment
risks and enable circular water projects in
developing countries.

Performance-Based Contracts: Implement
contracts that pay for outcomes rather than
inputs, aligning incentives between service
providers and users.

Circular Funds: Create dedicated investment
funds that focus on circular water technologies
and projects, providing patient capital for
longer-term investments.

Technology Platforms: Create platform
businesses that connect water users with
treatment technologies, recovered materials,
and optimization services.

$15B

Global resource recovery market potential

$5008B

Annual green bond market




Policy and Regulatory Framework

Enabling Policies

Water Pricing Reform: Implement pricing mechanisms
that reflect the true value of water, including scarcity
costs and environmental externalities. Progressive
pricing structures can incentivize conservation while
ensuring affordability.

Quality Standards: Develop fit-for-purpose water quality
standards that enable safe water reuse while avoiding
over-treatment. Current standards often require
expensive treatment for applications that don't need
highest quality water.

Integrating and Planning: Integrate circular water
principles into urban planning and zoning codes,
including requirements for water-efficient development
and incentives for circular water systems.

Environmental Regulations: Update environmental
regulations to recognize the benefits of circular water
systems and remove barriers to implementation.

Regulatory Innovation

Regulatory Sandboxes: Create regulatory
environments that allow testing of innovative circular
water approaches without full regulatory compliance
while ensuring safety.

Outcome-Based Regulation: Shift from prescriptive
regulations to outcome-based approaches that focus on
achieving water security and environmental protection
goals.

ptive Management: Implement regulatory frameworks
that can evolve with technological developments and
changing conditions through regular review and update.

Incentive Structures

Tax Incentives: Provide tax credits and deductions
for circular water investments, including
accelerated depreciation for water recycling
equipment and tax credits for water conservation
measures.

Grants & Subsidies: Offer targeted financial
support for circular water projects, particularly for
demonstration projects and deployment in
underserved communities.

Regulatory Relief: Provide streamlined permitting
and reduced regulatory burden for circular water
projects that meet environmental and safety
standards.

Public Procurement: Use government purchasing
power to create markets for circular water
technologies and services, including requirements
for water-efficient technologies in government
facilities.

International Coordination

Technology Transfer: Develop international
frameworks  for sharing circular  water
technologies and managing transboundary water
resources.

Structured  Standards: Create international
standards for water reuse, resource recovery, and
circular water system performance.

Capacity Building: Establish  programs  for
knowledge sharing and technical assistance to
support circular water implementation in
developing countries.
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Measuring Success: Key Performance Indicators

Water System Performance

Water Reuse Rate: Percentage of water that is reused rather than
discharged. Leading regions achieve 30-40% reuse rates, with
potential for much higher levels.

Efficiency: Ratio of useful water output to total water input,
accounting for losses and waste. Efficient systems achieve 80-90%
efficiency rates.

Water Productivity: Economic output per unit of water consumed.
This metric captures both efficiency and economic value creation.
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Global Case Studies and Best Practices

Singapore: National Water Independence

Singapore's comprehensive water strategy demonstrates circular water economy principles at national scale
through the "Four Taps" strategy: local catchment, imported water, NEWater (recycled water), and desalinated
water.

NEWater Program: Singapore's NEWater program treats sewage to potable standards using advanced membrane
technology and UV disinfection. The program now meets 40% of Singapore's water demand and is expanding to
55% by 2030.

Integrated Approach: Singapore integrates water management with urban planning, energy policy, and industrial
development, creating a world-class water technology sector.

Public Acceptance: Singapore achieved high public acceptance through comprehensive education and engagement
programs, with the NEWater Visitor Centre hosting over 1 million visitors.

Israel: Desert Bloom Through Innovation

Israel has transformed from a water-scarce nation to a water exporter through comprehensive circular water
strategies. The country now produces 20% more water than it consumes, despite being located in an arid region.




Desalination Leadership: Israel operates some of the world's most efficient desalination plants, producing over
50% of domestic water supply from the sea using advanced technology and renewable energy.

Structural Innovation: Israel pioneered drip irrigation and other precision agriculture technologies that maximize
crop yield per unit of water, using treated wastewater for 50% of agricultural irrigation.

Water Technology Export: Israel has developed a thriving water technology sector that exports solutions globally,
with Israeli water comp@nies leading in desalination, irrigation, and water treatment technologies.
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Orange County, California: Groundwater Replenishment

Orange County Water District's Groundwater Replenishment System demonstrates large-scale aquifer recharge
using recycled water. The system produces 130 million gallons per day of purified water from sewage and injects it
into underground aquifers.

Advanced Treatment: The system uses a three-step advanced treatment process including microfiltration, reverse
osmosis, and UV disinfection with hydrogen peroxide. The treated water meets all drinking water standards.

Water Intrusion Barrier: The system also creates a barrier against seawater intrusion, protecting the region's
groundwater resources and demonstrating multiple benefits of circular water systems.

Economy Effectiveness: The system produces water at lower cost than imported water, demonstrating the
economic viability of circular water approaches.
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Netherlands: Circular Water in Practice

The Netherlands has integrated circular water principles into comprehensive sustainability strategies. The
country's water sector is pioneering resource recovery and energy-neutral treatment.

Energy-Positive Treatment: Several Dutch treatment plants now produce more energy than they consume
through biogas production, heat recovery, and energy-efficient processes.

Nutrient Recovery: Dutch facilities recover nutrients from wastewater for use in agriculture, closing the loop
between urban and agricultural systems through advanced phosphorus and nitrogen recovery technologies.

Circular Business Models: Dutch water companies have developed circular business models that generate
revenue from resource recovery, energy production, and technology export.

Disclaimer: The views and opinions expressed in this paper are solely those of the author, Sanjeev Sharma, and do not necessarily reflect the official
policy or position of any agency, organization, employer, or company. This paper is intended for informational and academic purposes only. While every
effort has been made to ensure the accuracy and reliability of the information presented, the author makes no representations or warranties of any kind,
express or implied, about the completeness, accuracy, or suitability of the content for any particular purpose.




