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ABSTRACT Manuscript Information 

 

Water scarcity and industrial pollution are among the most pressing challenges facing India 

and the world today. Traditional linear models of water use in industries—“take, use, 

dispose”—have led to the overexploitation of freshwater resources and severe environmental 

degradation. The concept of a Circular Water Economy (CWE) offers a sustainable alternative 

by promoting water conservation, wastewater reuse, and resource recovery, while aligning 

with global sustainability and innovation goals. This paper examines the conceptual framework 

of CWE, explores global and Indian policy instruments, and analyzes practical strategies and 

technologies for implementation in industries. Through case studies from India, including 

Tiruppur’s textile industry, power plants in Gujarat and Tamil Nadu, and municipal-industrial 

collaborations in Nagpur and Vadodara, the paper demonstrates the feasibility and benefits of 

CWE. The study highlights both economic and environmental advantages, while also 

acknowledging challenges such as high investment costs, technical capacity gaps, and 

regulatory enforcement issues. Finally, the paper offers recommendations for developing a 

roadmap to scale CWE practices across Indian industries, emphasizing the importance of 

policy support, technological innovation, financial incentives, and awareness-building. 
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1. INTRODUCTION 

Water has long been considered an abundant and freely 

available resource; however, in the 21st century, it has emerged 

as one of the most critical constraints to sustainable 

development. According to the United Nations World Water 

Development Report (2023), global freshwater demand is 

projected to exceed sustainable supply by 40% by 2030 if 

current consumption patterns persist. This looming imbalance is 

particularly evident in industrial sectors, which collectively 

account for nearly 19% of global freshwater withdrawals, with 
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far higher shares in advanced economies. Industries rely on 

water not only for cooling, cleaning, and processing, but also as 

an essential input into supply chains and innovation 

ecosystems. Yet, the same industrial processes contribute 

significantly to wastewater generation, pollution, and ecosystem 

degradation, creating a dual challenge of over-extraction and 

contamination. 

The concept of the Circular Water Economy (CWE) has 

therefore gained prominence as a transformative framework. 

Unlike the traditional linear “take–use–dispose” model, CWE 

emphasizes reduce, reuse, recycle, and recover, embedding 

water into a closed-loop system that aligns with circular 

economy principles. This transition is not merely 

environmental—it directly contributes to economic resilience, 

energy savings, and corporate innovation. For instance, the 

World Bank’s Water in Circular Economy and Resilience 

(WICER) initiative highlights that industrial reuse and recovery 

can cut operational costs by up to 30%, while simultaneously 

reducing pollution loads discharged into rivers and aquifers. 

From a policy perspective, CWE aligns closely with the United.  

 

Nations' Sustainable Development Goals (SDGs), 

particularly: 

• SDG 6 (Clean Water and Sanitation): ensuring availability 

and sustainable management of water. 

• SDG 9 (Industry, Innovation, and Infrastructure): fostering 

sustainable industrialization and innovation. 

• SDG 12 (Responsible Consumption and Production): 

promoting efficient use of natural resources. 

Despite these opportunities, adoption of CWE practices in 

industry faces barriers, including regulatory uncertainty, 

financing constraints, fragmented governance structures, and 

limited stakeholder awareness. Overcoming these barriers 

requires an integrated approach that combines technological 

innovation, enabling policies, financial incentives, and cross-

sector partnerships. 

This paper explores the role of the Circular Water Economy in 

transforming industrial water use. It reviews global 

frameworks, national policy instruments, industrial strategies, 

and case studies to demonstrate how CWE can support both 

environmental stewardship and economic competitiveness. By 

proposing an integrated roadmap, the study seeks to guide 

policymakers, industries, and financiers toward scalable 

adoption of CWE, thereby contributing to global water security 

and innovation-led growth. 

 

Main Objective 

To examine the concept, policies, technologies, and practical 

implementation of a Circular Water Economy in industries, 

highlighting benefits, challenges, and strategies for sustainable 

water management in India. 

 

2. Conceptual Framework of Circular Water Economy 

The idea of a Circular Water Economy (CWE) is inspired by 

the broader concept of the circular economy, which emphasizes 

reuse, recycling, and regeneration of resources. In the case of 

water, CWE moves away from the conventional linear model of 

“take–use–dispose” and instead focuses on “reduce–reuse–

recycle–recover.” This framework is very important for India, 

where both water scarcity and pollution are major challenges. 

According to NITI Aayog’s Composite Water Management 

Index (2018), nearly 600 million Indians already face high to 

extreme water stress, and by 2030, water demand is expected to 

be double the available supply. 

To address these issues, the CWE framework can be explained 

under four main pillars: 

 

2.1 Demand Reduction and Efficiency 

The first step is to use less water by adopting efficiency 

measures. Many Indian industries, such as textiles, steel, and 

power generation, are highly water-intensive. By shifting to 

water-efficient machinery, dry cooling technologies, and 

process redesign, industries can save a significant amount of 

water. For example, some power plants in Gujarat and Tamil 

Nadu have started using air-cooled condensers instead of 

traditional water-cooled systems, thereby reducing freshwater 

demand. 

 

2.2 Reuse and Recycling 

The second pillar is to treat wastewater and use it again. Instead 

of discharging wastewater into rivers, industries can recycle it 

for internal processes like cooling or cleaning. In India, Zero 

Liquid Discharge (ZLD) has become a mandatory policy for 

textile dyeing units in Tamil Nadu. Similarly, several industrial 

parks in Maharashtra have adopted common effluent treatment 

plants (CETPs), where treated water is reused within the 

cluster. This not only saves freshwater but also prevents 

pollution of rivers and groundwater. 

 

2.3 Resource Recovery 

The third aspect is to recover useful resources from wastewater. 

For instance, sludge from treatment plants can produce biogas, 

which can be used as energy. Nutrients like nitrogen and 

phosphorus can be recovered and used as fertilizers. Though 

this concept is still at an early stage in India, some pilot projects 

in states like Karnataka and Gujarat are exploring energy 

recovery from industrial wastewater. This can create an 

additional revenue stream for industries and reduce dependence 

on natural resources. 

 

2.4 Enabling Governance and Finance 

Even if technologies are available, industries often struggle due 

to high costs and a lack of supportive policies. Strong 

governance, clear guidelines, and financial support are 

necessary to promote CWE. For example, the Central Pollution 

Control Board (CPCB) in India has issued guidelines for 

wastewater reuse, while the Draft National Water Policy (2021) 

also recommends water circularity. Financially, schemes like 

green bonds, subsidies, and public–private partnerships (PPPs) 

can make water recycling projects more attractive for 

industries. 
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2.5 Linking to Sustainability Goals 

Finally, CWE is not just about saving water; it also contributes 

to broader goals. It supports SDG 6 (Clean Water and 

Sanitation) by promoting sustainable use of water, SDG 9 

(Industry, Innovation, and Infrastructure) by encouraging 

industries to adopt new technologies, and SDG 12 (Responsible 

Consumption and Production) by reducing waste and pollution. 

 

3. Policy Frameworks for Circular Water Economy 

The journey towards a Circular Water Economy (CWE) cannot 

be achieved by technology alone. Strong policies and 

governance are equally important to ensure that industries are 

motivated, and sometimes compelled, to reduce freshwater use 

and recycle wastewater. Across the world, governments have 

designed frameworks that guide industries to use water 

responsibly, and India, too, has taken several important steps in 

this direction. 

Globally, countries like Singapore and members of the 

European Union have shown how effective policy can 

transform water use. Singapore’s NEWater programme is often 

described as a model of water circularity. Here, treated 

wastewater is purified using advanced technologies and reused 

for industries, cooling systems, and even drinking water after 

further treatment. In Europe, the EU Water Reuse Regulation 

(2020) provides clear standards for wastewater quality, creating 

confidence among industries and communities that recycled 

water is safe. Similarly, in the United States, the EPA’s Water 

Reuse Action Plan (2020) has encouraged collaboration 

between industries, states, and local governments for large-

scale reuse projects. These examples show that a supportive 

policy environment makes industries more willing to adopt 

water-saving innovations. 

In India, the policy push has come gradually, often as a 

response to crises of scarcity and pollution. Reports such as 

NITI Aayog’s Composite Water Management Index (2018) 

warned that several Indian cities, including Delhi, Bengaluru, 

and Chennai, may face severe groundwater depletion by 2030. 

This has created urgency for recycling and reuse. The Central 

Pollution Control Board (CPCB) has made it mandatory for 

highly water-intensive sectors like textiles, distilleries, and 

tanneries to set up treatment plants and, in many cases, achieve 

Zero Liquid Discharge (ZLD). Tamil Nadu is an example where 

ZLD has been strictly enforced in the textile industry, 

compelling units to recycle every drop of water they use. 

At the national level, the Draft National Water Policy (2021) 

highlights that water should be treated as an economic good and 

encourages reuse and recycling. State governments, too, are 

experimenting: Maharashtra has promoted the use of treated 

municipal wastewater in industries around Nagpur and Pune, 

while Gujarat has successfully linked industries with city 

sewage treatment plants to supply recycled water. These efforts 

show that India is moving, though slowly, towards industrial 

circularity in water use. 

A major challenge, however, lies in financing these initiatives. 

Advanced treatment technologies like membrane systems and 

ZLD are capital-intensive. Some industries have relied on green 

bonds, CSR initiatives, and public–private partnerships to 

bridge the financial gap. Municipalities in Gujarat and 

Maharashtra, for example, are selling treated sewage water to 

industries at cheaper rates than fresh water, creating a win–win 

situation. 

 

4. Industrial Strategies and Technologies for Implementing 

CWE 

For industries, moving towards a Circular Water Economy 

(CWE) is not just an environmental responsibility but also a 

practical necessity. With freshwater sources shrinking and 

regulatory pressures increasing, companies are looking at new 

ways to save water, recycle what they use, and even recover 

value from wastewater. While the idea sounds futuristic, many 

technologies and strategies are already in practice in India and 

around the world. 

One of the most common approaches is the reuse and recycling 

of wastewater within industrial units. Instead of letting 

wastewater flow out after a single use, it can be treated and 

channelled back into processes like cooling, washing, or boiler 

feed. In India, several textile and leather industries, especially 

in Tamil Nadu, have been compelled to adopt Zero Liquid 

Discharge (ZLD) systems. Under this approach, wastewater 

passes through multiple treatment stages—biological treatment, 

membrane filtration, evaporation—and the final residue is 

crystallized into solid waste. While ZLD is expensive, it has 

reduced pollution in rivers and groundwater in regions where 

dyeing and tanning industries once discharged untreated 

effluents freely. 

Another strategy is the development of common effluent 

treatment plants (CETPs), especially for small and medium 

enterprises that cannot afford costly treatment technologies on 

their own. In Maharashtra and Gujarat, clusters of chemical and 

pharmaceutical units share CETPs, making recycling more 

affordable and practical. These facilities also create 

opportunities for industries to cooperate, turning wastewater 

management into a collective responsibility rather than an 

individual burden. 

Advanced technologies are also making their way into Indian 

industries. Membrane bioreactors, reverse osmosis systems, and 

advanced oxidation processes are now being used to achieve 

higher levels of treatment. Some plants have even started 

exploring the recovery of resources such as biogas, nutrients, 

and salts from wastewater. Although such innovations are still 

at a pilot scale, they point towards a future where wastewater is 

not seen as waste but as a resource with economic value. 

In addition to in-plant measures, there are also industrial–

municipal partnerships emerging in India. Cities like Nagpur 

and Vadodara have signed agreements with industries to sell 

treated sewage water, which is cheaper than drawing freshwater 

from rivers. This reduces stress on natural water bodies and 

ensures that industries have a steady supply even during 

drought years. Such collaborations show how circularity can 

extend beyond factory gates to create broader urban-industrial 

synergies. However, the path is not without challenges. High 

installation costs, lack of skilled manpower, and irregular 

https://creativecommons.org/licenses/by/4.0/


Int. Jr. of Contemp. Res. in Multi. PEER-REVIEWED JOURNAL Volume 4 Issue 5 [Sep- Oct] Year 2025 
 

276 
© 2025 Talvinder Singh, Dr. Pooja Khanna, Dr. Simarjit Kaur. This is an open-access article distributed under the terms of the Creative Commons Attribution 

4.0 International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/ 

 

electricity supply often limit the efficiency of advanced 

treatment plants in India. In many cases, industries install 

systems to comply with regulations but do not operate them 

fully due to cost concerns. This highlights the importance of 

monitoring, financial incentives, and awareness, without which 

even the best technologies may remain underutilized. 

 

5. Practical Examples of Circular Water Economy in 

Industries 

While policies and technologies provide the foundation, it is the 

practical examples that show how a Circular Water Economy 

(CWE) can work in reality. Across the world, and increasingly 

in India, industries have adopted new ways of treating, reusing, 

and recycling water. These examples demonstrate not only 

environmental benefits but also cost savings and business 

resilience. In India, one of the most cited success stories comes 

from Tamil Nadu’s textile industry. For decades, dyeing and 

  Bleaching units discharge coloured wastewater directly into 

rivers, contaminating both soil and groundwater. After a long 

legal battle, the Madras High Court directed these industries to 

adopt Zero Liquid Discharge (ZLD). Today, hundreds of textile 

units in Tiruppur operate advanced treatment plants where 

every drop of wastewater is recycled. Although the initial 

investment was high, the shift has helped the industry survive 

and regain international buyers who demand sustainable 

production. 

Another Indian example comes from Nagpur city, where a 

unique partnership was created between the municipal 

corporation and industries. The city set up a sewage treatment 

plant (STP) and supplies treated wastewater to nearby thermal 

power plants. This arrangement provides industries with a 

reliable water source while saving the city from investing extra 

in freshwater infrastructure. It is a clear case of how urban and 

industrial needs can be integrated under CWE principles. 

 
CWE Strategy Technologies / Methods Key Benefits Indian Examples 

Demand Reduction & 

Efficiency 

Water-efficient machinery, dry 

cooling systems, process redesign 

Reduces freshwater withdrawal, 

lowers operational costs 

Thermal power plants in Gujarat and Tamil Nadu 

use air-cooled condensers 

Reuse & Recycling 
Wastewater treatment, filtration, 

Zero Liquid Discharge (ZLD) 

Minimizes freshwater use, 

reduces pollution load 

Tiruppur textile units adopting ZLD; CETPs in 

Maharashtra and Gujarat 

Resource Recovery 
Biogas production, nutrient 

recovery, salt extraction 

Creates revenue streams, reduces 

waste, and supports the circular 

economy 

Pilot projects in Karnataka and Gujarat are 

recovering energy and nutrients from wastewater 

Industrial-Municipal 

Collaboration 

Treated municipal sewage is 

supplied to industries 

Ensures a reliable water supply, 

reduces stress on rivers 

Nagpur and Vadodara cities are supplying treated 

water to nearby industries 

Advanced Treatment & 

Innovation 

Membrane bioreactors, reverse 

osmosis, and advanced oxidation 

High-quality water reuse enables 

industrial symbiosis 

Chemical, pharmaceutical, and food industries 

are implementing pilot-scale recycling systems 

Awareness & Capacity 

Building 

Training programs, workshops, 

and technical education 

Enhances adoption, builds a 

skilled workforce 

University-industry collaborations in water 

management programs 

 

Globally, Singapore’s NEWater programme is often regarded as 

the gold standard. Faced with severe water scarcity, Singapore 

invested heavily in recycling its sewage water. The treated 

water, known as NEWater, is now used in industries, cooling 

towers, and even indirectly in drinking water reservoirs. The 

public acceptance of recycled water in Singapore was achieved 

through strong awareness campaigns, something India can learn 

from. 

The European paper and pulp industry also provides useful 

lessons. These industries are traditionally water-intensive, but 

through closed-loop water systems, they now reuse process 

water multiple times. This has not only reduced freshwater 

withdrawals but also cut down the volume of wastewater 

discharged, lowering treatment costs. 

In the United States, food and beverage companies have taken 

major steps towards circularity. For example, several breweries 

have started reusing treated process water for non-drinking 

purposes, while also recovering energy through biogas 

generated from wastewater sludge. Such approaches have 

proven that CWE can create both environmental and economic 

benefits simultaneously. 

These examples, from Tiruppur to Singapore, show that CWE 

is not just a theoretical idea but a practical and scalable model. 

The common thread among all cases is that initial resistance 

whether due to costs, public perception, or technological issues.  

 

 

Challenges were gradually overcome once the benefits became 

visible. Industries that once viewed wastewater as a liability are 

now beginning to see it as a valuable resource. 

 

6. Benefits and Challenges of Adopting CWE in Industry 

The shift towards a Circular Water Economy (CWE) offers 

industries a wide range of benefits, but it also comes with 

significant challenges. Understanding both sides is important 

because it helps policymakers, businesses, and communities 

plan better for long-term sustainability. 

 

Benefits 

The most obvious benefit is the conservation of freshwater. In a 

country like India, where groundwater is depleting and rivers 

are under stress, every litre saved makes a difference. By 

reusing and recycling water, industries can reduce their 

dependence on scarce resources and ensure that communities 

around them also have access to drinking water. 

Another major advantage is cost savings in the long run. While 

advanced treatment systems may require heavy initial 

investment, they reduce the recurring cost of freshwater 

purchases, wastewater disposal, and compliance penalties. For 

example, thermal power plants that use treated sewage water 

instead of river water save money while also reducing their 

ecological footprint. CWE also brings reputation benefits. 

Global markets increasingly demand environmentally 
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responsible production. Indian textile, leather, and food 

industries have faced pressure from buyers in Europe and the 

US to meet sustainability standards. By adopting water 

recycling and zero liquid discharge, companies improve their 

chances of securing international contracts and building brand 

value. 

There are also environmental and social benefits. Reduced 

pollution in rivers and groundwater means healthier 

ecosystems, better crop yields for farmers, and safer water for 

local communities. In some cases, wastewater treatment even 

creates by-products such as biogas and fertilizers, contributing 

to the circular economy at large. 

 

Challenges 

Despite these advantages, industries face several hurdles. The 

first is high cost. Setting up advanced technologies like 

membrane bioreactors or ZLD systems requires crores of 

rupees, which small and medium enterprises (SMEs) often 

cannot afford. Even when plants are installed, running costs for 

electricity, chemicals, and skilled manpower remain high. 

Another challenge is the weak enforcement of regulations. 

While laws exist, not all industries follow them strictly. In some 

regions, companies install treatment systems only to show 

compliance on paper but do not operate them effectively. 

Without regular monitoring and penalties, CWE remains more 

of an obligation than a genuine practice. 

Public perception and acceptance can also be a barrier. In India, 

many people are hesitant about the idea of reusing treated 

wastewater, even if it is technically safe. Unlike Singapore, 

where awareness campaigns helped build trust, India still 

struggles with cultural resistance to recycled water. 

Finally, there is the issue of technical capacity. Many industries, 

especially smaller ones, lack the expertise to maintain advanced 

treatment systems. Power cuts, poor maintenance, and a lack of 

spare parts often reduce the efficiency of plants. 

 

7. Roadmap and Recommendations for Implementing 

Circular Water Economy 

Implementing a Circular Water Economy (CWE) in Indian 

industries requires a holistic and practical approach that 

combines policy, technology, finance, and awareness. While 

India has made progress with the Draft National Water Policy 

(2021), CPCB guidelines, and state-level initiatives like ZLD 

mandates, enforcement remains a significant challenge. Clear 

timelines, consistent monitoring, and stricter penalties for non-

compliance are essential to ensure that industries treat 

wastewater effectively and adopt circular practices. 

Financial support is equally important. Advanced treatment 

systems and resource recovery technologies often involve high 

upfront costs, particularly for small and medium enterprises. 

Green bonds, low-interest loans, tax incentives, and public–

private partnerships can help bridge this gap. Examples from 

cities like Nagpur and Vadodara, where municipal treated water 

is supplied to nearby industries at reduced rates, demonstrate 

how collaboration can make CWE financially viable while 

easing pressure on freshwater resources. Technological 

innovation is another key factor. Indian industries need to adopt 

cost-effective solutions such as membrane bioreactors, reverse 

osmosis systems, and anaerobic digestion. Pilot projects 

focused on recovering resources like biogas, nutrients, and salts 

from wastewater should be expanded. Collaboration between 

industries, research institutions, and startups can accelerate the 

development of locally adapted technologies that are both 

efficient and affordable. 

Awareness and capacity building are also critical. Many 

industry managers remain unaware of the full benefits of 

circular water use, while public perception often resists the idea 

of using treated water. Training programs, workshops, and 

knowledge-sharing initiatives can help overcome these barriers. 

Engaging universities and technical institutes in building a 

skilled workforce for water circularity will support long-term 

sustainability. 

Collaboration between industries, municipalities, and 

communities is essential for scaling CWE. Industrial clusters 

can share common effluent treatment plants, while municipal 

wastewater can be supplied to industries for reuse. This kind of 

industrial symbiosis not only reduces freshwater demand but 

also strengthens economic resilience and promotes 

environmental stewardship. 

Ultimately, circular water practices should not be seen merely 

as regulatory compliance but as a strategic tool for sustainable 

industrial growth. By integrating CWE into core business 

strategies and linking it to national and global sustainability 

goals, such as SDG 6 (Clean Water and Sanitation), SDG 9 

(Industry and Innovation), and SDG 12 (Responsible 

Production), industries can secure water resources, reduce 

operational costs, and improve their global competitiveness. 

India possesses the knowledge, technology, and policy 

frameworks required for CWE; the challenge now is to 

implement these measures at scale to achieve a truly sustainable 

industrial future. 

 

CONCLUSION 

The concept of a Circular Water Economy (CWE) offers a 

transformative pathway for industries in India and globally, 

addressing the twin challenges of water scarcity and 

environmental pollution. Through strategies such as demand 

reduction, wastewater reuse, resource recovery, and industrial-

municipal collaboration, CWE not only conserves freshwater 

but also creates economic and social benefits. Indian industries, 

from textiles in Tiruppur to power plants in Gujarat and Tamil 

Nadu, have already demonstrated that circular practices are 

feasible, though scaling these practices requires stronger policy 

enforcement, financial support, and technological innovation. 

While challenges remain—such as high costs, technical 

capacity gaps, and public perception barriers—the benefits of 

adopting CWE clearly outweigh these obstacles. Integrating 

circular water practices into industrial planning can reduce 

operational costs, enhance competitiveness, and contribute 

significantly to national and global sustainability goals, 

including SDG 6, 9, and 12. 
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Ultimately, the future of industrial growth in India depends not 

only on economic performance but also on the sustainable 

management of critical resources like water. By embracing a 

Circular Water Economy, industries can ensure water security, 

protect the environment, and foster innovation-led growth. The 

onus now lies on policymakers, industrial leaders, and 

communities to implement CWE at scale, creating a resilient 

and sustainable industrial ecosystem for generations to come. 
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