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Abstract:

Water is a critical resource, and its declining availability poses a serious threat to both developing and
developed economies, particularly in Brazil, Russia, India, China, and South Africa (BRICS). The circular
economy (CE) has emerged as a strategy to balance economic growth and resource sustainability. This
narrative review explores how CE principles, including waste minimisation, resource recovery, and
process closure, have been applied to water conservation across BRICS countries over the past 20
years. The review synthesises key themes, including water reuse technologies, governance, and policy
frameworks. The findings highlight promising initiatives in wastewater reclamation, industrial water
reuse, and reductions in freshwater abstraction. However, implementation remains uneven due to
inconsistent policy frameworks, limited financing, and cultural barriers. China and India demonstrate the
most documented case studies, while other BRICS countries show potential for wider adoption through
knowledge transfer and coordinated policy approaches. The study underscores the need to further
integrate CE principles into water governance to mitigate water scarcity, strengthen resilience to climate
variability, and support green economic growth. Future research should address persistent gaps related

to water equity, rural access, and inclusive implementation.
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Introduction

Water is an essential common-pool resource that supports ecosystems and public health and underpins
socio-economic development. Limited fresh water resources are under increasing pressure from
population growth, industrial growth, and changing patterns of water demand. In the case of the BRICS
(Brazil, Russia, India, China, and South Africa), there are additional pressures attributed to urbanisation
and industrialisation (Voumik & Sultana, 2022). Altogether, these five countries represent just over 40%
of the world’s population and an increasing share of GDP, putting very high demands on water resources

that are unevenly distributed temporally and spatially (Lal, 2023).

Water governance models in many of the BRICS have defined water demand by increasing water supply
through boreholes, groundwater, large dams, and long-distance transfer rather than demand
management, reuse, or efficiencies in the water system (Abou-Shady et al., 2023). However, the water
crisis, in terms of its scale and gravity, has forced a rethink. For instance, ideas from environmental
economics or industrial ecology, the circular economy (CE), are beginning to frame the debate around

reducing water withdrawals and pollution and recovering value from wastewater (Nika, 2021).

This study, therefore, seeks to explore how the Circular Economy (CE) is applied in the area of water
conservation among BRICS countries. The review has three primary objectives. First, it will look at and
synthesise existing research on water reuse technologies. Second, it will examine and provide an
overview of Policy Frameworks. Third, it will identify key enabling and inhibiting factors for Governance
Mechanisms that influence successful application. As such, this research contributes to a developing
body of knowledge surrounding Sustainable Water Management by demonstrating how CE approaches

may facilitate resource efficiency, environmental sustainability and inclusive development.
What is the Circular Economy and why is it Relevant to Water?

The idea of a circular economy is a significant change away from the historically linear 'take—make—
dispose' approach to resource use. It seeks to maximise the length of time materials, products, and
resources can be used throughout the production and consumption processes and minimise waste
(Elisha, 2020).

Water occupies a complex and central position in economic systems as it serves at the same time as a
resource, as it is extracted; a product, as it is traded; and a service, as it provides heat, nutrients or
residues. Water's inherent complexity - through its capacity to change quickly among physical states, its
varying quality levels, and its differing residence times - renders general principles of circular economy
"keep materials in use", "design out waste" irrelevant, unless they are context-based. Thus, Morseletto
et al. (2022) offer the definition of Circular Economy of Water (CEW) as "an economic model that

reduces, preserves, and optimizes water use through waste elimination, efficient use, and retaining
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quality, while safeguarding the environment and conservation." This definition expresses three central
purposes of circular water systems: reduce unnecessary withdrawals; extend the productive life of each
unit of water; and return residual flows to the environment in an environmentally sound manner. The
analytical approaches and case evidence in the sections that follow will be interpreted and framed by

the perspective of CEW.

For BRICS, this is significant - noting that water stressed northern China, western India, or as a matter
of fact that parts of South Africa are looking for a way forward so as not to deplete aquifers or
ecosystems, in order to support the agricultural and industrial growth agenda in those water stressed
geographic areas. The variations in context - political, economic or ecological—that exist across the
BRICS of nations limits the ability to generalise; however, examples based upon their similarities and

differences could provide insight for the global water sector (Voulvoulis, 2018).
Circular Economy and Water Governance

The foundational principle of a circular economy involves eliminating waste through design, ensuring
the continual use of products and materials, and regenerating natural systems (Macarthur & Heading,

2019). Transitioning to the water sector, these principles are equivalent to:

e Reduce Consumption: Manage demand to limit unneeded freshwater withdrawal.

e Reuse: Recycle water in the industrial or municipal sectors.

¢ Recover Resources: Recover energy or by-products (e.g., phosphorus) to reduce negative
environmental impacts of production.

e Restore to Nature: Ensure discharged water is safe for the environment.

Although the circular economy provides an enticing narrative about reducing environmental pressures
and increasing resource efficiency, it is not without its foibles. Scholars have warned that CE rhetoric
can obscure social justice discussions, situating sustainability as merely a technical or managerial
exercise (Kirchherr et al., 2017). In addition, CE strategies, especially in the Global South, have the
potential to promote greenwashing or reinforce neo-colonial relations of resource extraction and policy
dependency, where expensive CE practices are enacted without similar benefits in practice (Morseletto
et al., 2022). Often neglected in CE models are the informal economies, smallholder users, and
Indigenous knowledge systems that are already demonstrating forms of circularity that cannot be
represented in formal metrics. In summary, a critical reading of CE necessitates more than simply
espousing innovation; it requires active acknowledgement of who benefits, who pays, and who is at the
table.
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Interaction With Water Governance

Integrated Water-Resource Management (IWRM) acknowledges that water withdrawals, discharges,
and ecosystems are interdependent across sectors within a single hydrological unit, such as a river
basin. Its fundamental role is to balance the competing demands of all these sectors (Water, 2021). A
CE perspective takes these competing demands one step further by pointing to closing resource loops;
that it keeps water (and the energy, or nutrients, that water contains) in productive circulation for as long

a period as possible (Santeramo, 2022).

In practice, an industrial effluent stream can be seen as not just a liability, but an asset when proper
treatment allows the effluent to be reused, which can help displace freshwater abstractions.
Implementing these CE strategies requires multi-level governance. This requires local utilities that
operate treatment plants to establish limits on discharges, and for the national ministries to integrate CE
principles within broader development goals. Whether circular practices actually take root in
implemented investments depends on a coherent mix of economic instruments - tariffs, subsidies or
pollution taxes - and technical standards - effluent limits or reclaimed-water guidelines (Voulvoulis,
2018). Together, these standards of rules and incentives account for how attractive, and therefore how

possible, loop-closing investments will be to public and private sector actors.

The ability for circular water management to be implemented effectively in BRICS countries will be
dependent on the overall strength and coordination of multi-level governance systems. The inability to
develop a cohesive regulatory framework and provide aligned economic incentives will hinder the
development of an effective transition from linear to circular water use. Therefore, it is crucial that there
are integrated governance mechanisms put into place to allow for the implementation of circular

economy concepts in water management systems.
Industrial Ecology

Industrial ecology concepts, and especially the concept of industrial symbiosis, illustrate how circular
economy principles can be realised in water management systems (Al-Thani & Al-Ansari, 2021). In an
industrial symbiosis network, nearby firms cooperate to exchange waste resources such as waste heat,
process effluent, or other waste by-products. Using resources more effectively results in decreased total
energy consumption and a reduction in freshwater consumption as well. Evidence from the first eco-
industrial parks in China shows how some coordination of recycling and the use of shared treatment
facilities can bring participating organizations down into the range of 25-40% reductions in net freshwater
use (Fan & Fang, 2020; Geng et al., 2019). Similar initiatives are being initiated in the agri-food sector
where tertiary-treated municipal wastewater is directed into peri-urban agricultural regions, thereby

reconnecting urban demand and rural production (Du et al., 2021). These instances indicate how
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industrial ecology approaches can contribute to resource efficiencies as well as support regionally

focused water security objectives.

Although there is evidence of the success of industrial ecology practices in various BRICS countries,
the expansion and development of these practices has been hampered by weak institutional structures,
a shortage of specialized knowledge and technical skill, and high costs. For the most part, scaling-up
successful examples will require stronger policies, greater intersectoral cooperation, and investments in
shared-use water-management infrastructure. Therefore, as well as being a technological option;
industrial ecology presents both a governance and coordination problem in developing circular water

management systems.
Purpose and Scope of This Narrative Review

Although various systematic or scoping reviews have provided insights on the circular economy through
many lens, there is merit in taking a more flexible, integrative approach, often called, a narrative review,
to selectively illuminate various policy experiments, technologies, and cultural considerations relevant
to water conservation. More specifically, this review is designed to: Situate the uptake of CE principles
aligned with water conservation practices in the social, economic, and environmental conditions of
BRICS countries. Synthesise information from cases and reports to consider how circular water
management can help diminish scarcity or limit pollution. Identify common structures and supports that
influence the means and ends of CE, such as regulatory frameworks, financing, and social acceptance.
Propose needed research, especially the social and equity characteristics of water management within

a CE scope.

By organising this exploration based on conceptual ideas and not providing formal systematic review
protocols, this study can offer more complex insights that could easily be lost in straight quantitative

meta-analyses. This study is guided by the following research question:

How are BRICS nations implementing circular economy principles and adapting them to water

conservation?
To address this question, the study pursues the following objectives:

o To synthesise existing literature on the application of circular economy principles to water
conservation across BRICS countries;

e To examine key technological approaches, including water reuse, recycling systems, and
nature-based solutions, used to support circular water management;

e To analyse policy, institutional, and financial frameworks influencing the implementation of

circular water systems;
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o To identify key enablers and barriers affecting the adoption and scalability of circular water
practices; and

e To compare the extent and patterns of implementation across BRICS countries.
Methods and Data

The narrative review is selected over a scoping or systematic review to provide flexibility to use diverse
sources - academic research articles, policy “white papers”, and reports from organisations all of which
provided insight into how CE principles are being transferred to water conservation in BRICS. While
systematic reviews often aspire to include all relevant literature and are more stringent when assessing
quality, this limits consideration to peer-reviewed journals and excludes non-reviewed or exploratory
literature that might offer important context (Piran & Tran, 2024). A narrative approach, in contrast, allows
selective inclusion of literature based on substantive thematic saturation and relevance to the central
question (Braun & Clarke, 2021). The central question in this study is: How are BRICS nations

implementing circular economy principles and adapting them to water conservation?
Literature Search and Selection

The literature primarily came from three main academic research article databases, Scopus,
ScienceDirect, and Google Scholar, using selected combinations of search terms such as “circular
economy”, “water reuse”, “industrial symbiosis”, “wastewater treatment’, and each BRICS country
name. Policy documents, government reports, and publications from international agencies were
included in the literature search and sources were selected through citation tracking and snowball

sampling.

To enhance transparency, searches were conducted using Boolean operators (and, or), to refine results.
For example, search strings included: ("circular economy" and "water reuse" and "BRICS") or ("industrial
symbiosis" and "wastewater treatment" and "India" or "China" or "Brazil" or "South Africa" or "Russia").
These combinations ensured coverage of both technological and policy-related literature that was

relevant to this study.
Screening Criteria
A source was retained in the final data set only when all three of the following conditions were met:

e it examined water-conservation issues in at least one BRICS country;

e it made explicit reference to the circular-economy paradigm or a cognate framework (e.g.,
industrial ecology, resource-recovery approaches); and

e it reported empirical results, implementation challenges, or policy recommendations relevant to

circular water management.

WOHLLEBE & ROSS

Discover publication opportunities:
www.wr-publishing.org



https://doi.org/10.51137/wrp.ijarbm.723
http://www.wr-publishing.org/

International Journal of Applied Research in Business and Management (ISSN: 2700-8983)
Volume: 07 Issue: 05 Year: 2026
https://doi.org/10.51137/wrp.ijarbm.723

Studies were screened in stages, beginning with a review of titles and abstracts, followed by full-text
assessment to determine relevance to the research question. Duplicate and non-relevant sources were
excluded during this process. A formal quality appraisal framework was not applied in this study, nor has
it been undertaken as part of the narrative review process (Piran & Tran, 2024). However, studies were
excluded from further consideration if they lacked sufficient contextual relevance to circular economy
principles or failed to address the challenge of water conservation in BRICS economies. This provided
assurance that only studies which are substantially related to the subject matter contributed to the final

synthesis.

An estimated 120 sources were found with an initial search of these databases. Through repeated
narrowing of what the researcher considered relevant to the study's focus on circular economies and
water efficiency in BRICS countries, the original number of studies was further reduced via iterative
filtering and citation chaining. This iterative filtering ensured that only studies directly aligned with the
objectives of the review were retained. The selection process was guided by the research question,
ensuring that all retained studies contributed to understanding how circular economy principles are

applied to water conservation across BRICS countries.
Final Data Set

The final set of data included approximately 15 sources (2010-2025) for in-depth thematic analysis,

including academic journal articles, case studies, government policy and NGO/think tank reports.

Although the majority of literature examined was in English, relevant non-English documents, especially
local policy or technical reports were excluded from inclusion if an English translation was unavailable,
which may have restricted the use of some local insights. The time frame of 2010-2025 was chosen to
capture a period of increased visibility of circular economy principles in the water sector, particularly
after global engagement with CE frameworks and significant large-scale water-related reform efforts in
BRICS (Nika, 2021; Geng et al., 2019). In terms of thematic saturation, inclusion was based on the
observation of repeated themes such as reuse technologies, industrial symbiosis and policy-institutional
factors across cases, and the observation that no substantially new themes were emerging through

additional citation chaining or grey literature (Braun & Clarke, 2021).

Although the total number of studies in the final data set appears relatively small, this decision to
prioritise study content and thematic relevance, along with a diverse array of source types, over sheer

study count aligns with common practices in narrative reviews.
Thematic Synthesis

The final systematic process organises the literature according to a conceptual framework adapted from

findings across the CE literature. Themes were identified through iterative reading and coding of the
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selected literature, focusing on recurring patterns related to technologies, policy frameworks, and
implementation challenges. Sources, then sorted into grouping themes focusing on (1) reuse and
recycling technologies; (2) policy and institutional drivers; (3) industrial symbiosis; (4) socio-economic
barriers; and (5) future pathways towards BRICS water sustainability. This multi-pronged approach
provided an opportunity to cross-pollinate ideas from different fields (engineering, economics, policy
science, and environmental management) with the wide diversity of normative approaches in the CE

literature.

The use of this approach provides deeper analysis by identifying patterns, similarities, and differences
across these studies and enabling interpretation of these findings within a broader socio-technological

and governance context.
Visual Summary of the Review Process

Although the above sections covered the methodological justification, search strategy and thematic
approach taken during this narrative review, the visual diagram in Figure 1 below provides a summary
of the methodological overview. It aids to illustrate the pattern across the literature identification stages
of the review, the screening process, and thematic categorisation process that were used to structure

the subsequent findings.

As a visual representation, Figure 1 mitigates the cognitive overload associated with the variable
pathways taken for this review that balances flexibility and structure, from the database and grey

literature search, inclusion criteria, to synthesising the 15 selected sources across five thematic clusters.
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Literature Search
(Scopus, ScienceDirect, Google Scholar)

Application of Inclusion Criteria
* BRICS focus
* CE/Industrial ecology
\ * Empirical/policy insights Y,

Citation Chaining

Final Dataset (~15 sources, 2010-2025)

Thematic Organisation
1. Reuse & Recycling
2. Policy Drivers
3. Industrial Symbiosis
4. Socio-economic Barriers
5. Future Pathways

Figure 1: Summary flow of the narrative review process, including literature search, screening,
selection, and thematic synthesis stages (Source: Researcher)

Results

In this section, the literature on the circular economy in water conservation across BRICS countries is
synthesised in relation to the research question of how circular economy principles are implemented
and adapted to support water conservation. The results of the analysis are presented across five
thematic categories: Reuse and Recycling Technologies; Policy and Institutional Frameworks; Economic

Instruments; Industrial Symbiosis; Equity and Acceptance.
Reuse and Recycling Technologies

This theme explores the various technological approaches used to promote water reuse and recycling

across BRICS countries.
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Municipal Wastewater Reclamation

Municipal wastewater reclamation is a key strategy of CE, with considerable advancements occurring
in China, India, and Brazil. In China, implementation of the idea of “sponge cities” suggests the collection
of stormwater runoff to be integrated with reclaimed municipal wastewater for garden and urban uses
for non-potable sources (M. Yang et al., 2022). For Beijing, an approximation of 30—40% of its treated
effluent is recycled and reused, lessening the necessity for transfers of water long distances from the

south.

In India, programs such as the National Mission for Clean Ganga (NMCG) has led to modifications to
wastewater treatments in key area. This change is primarily to contribute to pollution reductions as
opposed to systematic reuse of effluent and treated wastewater (Simon & Joshi, 2022). However, some

regional cities are conducting piloted reuse for parks and industrial purposes (Bauer et al., 2020).

In Brazil, Sdo Paulo has executed projects in municipal secondary-treated effluent wastewater to
recover for industrial purposes. The beneficial reuse has led to decreased pressure on freshwater

sources during times of drought.
Zero Liquid Discharge and Membrane Systems

Zero-liquid-discharge (ZLD) systems are gaining traction across multiple industries including textiles,
petrochemicals, and mining as regulations are tightening in places like India and China. ZLD systems
use evaporators, crystallisers, and reverse osmosis to enable recovery near total of water, with a
consequence of energy use and difficult disposal of sludge (Yaqub & Lee, 2019). Membrane bioreactor
(MBR) technology in industrial clustered locations can lead to remediation of chemical oxygen demand

upwards of 80% but can lead to reuse in processes requiring cooling and rinsing (Fico et al., 2022).

Membrane-based treatments in industrial zones have been sporadically applied in Russia, however they
are not widely utilised. In the remote Arctic, developments of integrated site potable water production
and polishing of wastewater for potable water production are providing promising solutions for native

conditions, although issues related to scale and pricing is concern (Strielkowski et al., 2024).
Nature-Based Solutions

Nature-based solutions such as constructed wetlands or ecological buffers, represent another approach,
particularly in rural and peri-urban areas. China's sponge city program includes constructed wetlands to
provide tertiary treatment, while South Africa has piloted constructed wetlands for treating domestic
wastewater in water-scarce municipalities (Mthethwa, 2018). Certain regions in Brazil likewise leverage
the use of vegetative buffers along riparian areas to filter runoff from agriculture, helping to reduce the
contamination of freshwater (de Mello et al., 2017). Selected case studies in Table 1 illustrate how

circular water practices are implemented across different BRICS contexts.
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Country Project/Initiative

Brazil

Russia

India

China

South
Africa

Presidente
Plant, Paraiba do Sul

basin

Vargas

Integrated  potable
reuse system in
Arctic region

Piloted reuse in

regional parks and

industrial areas

Suzhou Eco-

Industrial Park

Constructed
wetlands in
uMhlathuze

municipality

Key technology

or approach

Reuse of
secondary-
treated effluent for
industrial

purposes

Membrane
filtration and
polishing of

wastewater

Common effluent
treatment
(ETPs)

plants

Industrial
symbiosis and
shared water
reuse

infrastructure

Nature-based
solutions for
domestic
wastewater

treatment

Reported benefits

Reduced
abstraction of
freshwater  during

drought periods

Adapted for remote,

cold regions with
limited water
access

Reduced local
pollution and

provision of water

for landscaping

Approximately 30%
reduction in
freshwater use and

energy savings

Low-cost  tertiary
treatment with
ecological

restoration benefits

(Source: Researcher)

Policy, Institutions, and Financial Instruments

Noted barriers

High capital and
operational

(Fico et al., 2022)

costs

High infrastructure
costs and limited
production scale
(Strielkowski et al.,
2024)

Fragmented

implementation and
limited SME capacity

(Bauer et al., 2020)

Coordination
complexity and high
upfront investment

(Huang et al., 2019)

Limited scale and
technical
maintenance gaps

(Mthethwa, 2018)

Table 1: Selected case studies of circular water initiatives across BRICS countries

This theme explores the policy, institutional, and financial frameworks that shape the adoption of circular

water systems across BRICS nations.
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Regulatory Frameworks

Each BRICS country exhibits its own regulatory frameworks governing rights to water, effluent
standards, and reuse practices. China has developed national guidelines, including the Water Pollution
Prevention and Control Law, and encourages local experimentation through its eco-industrial park
certification program. Brazil's National Water and Sanitation Plan (PLANASA) encourages regional
collaboration, although there are enforcement disparities across a range of municipal authorities (Fico
et al., 2022). India has instituted the Jal Shakti Ministry, consolidating various water policies into a single
framework, but uncertainty remains regarding institutional responsibilities between the states and the
central government (Singh & Joshi, 2020). Under the Water Code, Russia recognises water as federal
property and requires emission fees to be remitted (Proskuryakova et al., 2018). South Africa benefits
from integrated water resource management and a "use-it-or-lose-it" provision, which is a strong
characteristic of its National Water Act (Mthethwa, 2018).

Economic Incentives

Governments have provided a range of economic incentives to advance CE, including tiered water
tariffs, effluent discharge fees, and subsidies on reuse infrastructure. In India, the Prime
Minister Narendra Modi launched the Krishi Sinchayee Yojana Program to fund improvements to micro-
irrigation systems, which indirectly encourages recycled water use in agriculture (Abhilash et al., 2020).
China is advancing industrial reuse through discounted water tariffs and partial capital investment
rebates for membrane facilities (Yang et al., 2023). Brazil has introduced tradable water permit systems
in basins like the Piracicaba-Capivari-Jundiai and Paraiba do Sul, allowing users to sell additional
withdrawal rights they will not use. However, a low level of participation appears to be caused by a
combination of low permit prices, distance in the value chain with administrative burdens, and lack of
metering, creating a relatively small volume of transactions overall (de Andrade Resende Filho et al.,
2015).

In South Africa, blended financing, which combines public grants, private loans, and occasionally carbon
credits, has been used to fund pilot circular projects. Donor-driven public-private partnerships are being
established in South Africa in water-stressed municipalities to enable the widespread rollout of

wastewater reuse programs (Ligombi et al., 2025).
Governance Coordination

Successful circular interventions depend on collaboration among multiple stakeholders. Industrial
symbiosis parks require coordination between the firms, local government, and utilities. Municipal reuse
systems require coordination between sanitation departments and industrial end users. Without

adequate governance, pilot projects run the risk of fragmentation and failure to scale (Rizos et al., 2016).
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Acceptance of liability and trust-building is necessary to fully realize the potential of shared water-

treatment facilities.
Industrial Symbiosis: An Element of Circular Water Use

Industrial symbiosis exemplifies circular economy concepts, permitting various industries to create
exchanges of resources—namely, wastewater, energy, by-products—as a way to leverage collaboration
for combined efficiencies. Eco-industrial parks in China, including the Tianjin and Suzhou parks, typically
employ water exchange loops that reduce fresh-water consumption by 20-30% among participating
facilities (Huang et al., 2019). Brazil has reported similar reductions in petrochemical cluster industries,
but outcomes will be highly variable depending on corporate participation, technology readiness, and

local institutional regimes.

Similarly, industrial symbiosis in Russia is very limited and underdeveloped relative to the legacy
industrial infrastructure and fragmented administrative oversight that permeates the system (Maalouf et
al., 2021). Conversely, projects piloted in the Volga region illustrate that significant water savings are
available in the paper and steel sectors. India's industrial corridors (e.g., Delhi-Mumbai) implement

common effluent-treatment plants, a very basic understanding of industrial symbiosis.
Production and Social Acceptance and Equity Consideration

Circular economy approaches to reclaimed water sometimes overlook or discount social acceptance of
reclaimed water intended for potable or domestic purposes (Voulvoulis, 2018). The familiar “yuck factor”
is an impediment to acceptance, which may require a public education campaign. South Africa faced a
public uprising over direct potable reuse proposals when cultural beliefs, health perceptions, or beliefs
in the trustworthiness of authorities became highlighted as stalling adoption of advanced CE water-
treatment methods (Tshililo et al., 2024).

Equity concerns arise if circular measures are primarily adopted and developed in support of or servicing
larger industrial players to the exclusion of small-scale farmers and/or marginalised urban communities.
Equitable access to safe water continues to be a pressing issue in places in India and South Africa, and
advanced CE technologies, if adopted, may be cost-prohibitive except when subsidised by

governmental programs or donor-supported initiatives (Naidoo et al., 2021).
Environmental and Economic Outcomes

Water Savings and Reduction in Pollution

Most of the documented projects reported a reduction in net freshwater use by 10-40% once reuse and

recycling models were initiated. Pollution loads also decrease due to less untreated effluent release.
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However, variations in local baseline conditions and insufficient monitoring data from the studies makes

it difficult to quantify precisely (X. Yang et al., 2022).
Economic Advantages

Those who adopt circular strategies often cite cost savings in connection with fewer water imports,
reduced wastewater fees, and energy recovery (e.g., from biogas) (Hussain et al., 2020) However, large
capital costs can limit broad uptake; financing mechanisms are essential. Cost-benefit analyses from
India and Brazil reveal that payback periods for treatment technologies can be anywhere from 5 to 15
years, depending on a host of external factors; moreover, pollution reduction or public health benefits

fail to be included in the analysis.
Trade-Offs

Trade-offs in resource gains can happen. In some instances, zero-liquid-discharge systems can be
energy-intensive, leading to greenhouse gas emissions. Additionally, industrial symbiosis can lead to
the clustering of large heavy industries leading, in effect, to localised pollution if not appropriately
managed (Mendez Alva et al., 2021). In all cases and conditions, a careful balance must be aligned with

the circular transition to provide net-positive outcomes for the environmental indicators.

To root thematic findings in practice, the summary in Table 1 presents five exemplar circular water
projects (one from each BRICS country), detailing the technologies used, quantified water savings, and
barriers to implementation, so that key results can be generalised for implementation. The projects

studied serve as points of reference for future sections discussing policy levers and scaled implications.

A summary of overall themes across the BRICS countries is presented in Table 2. A comparative
synthesis of findings across BRICS countries highlights key differences in technological adoption, policy

frameworks, and implementation challenges.

Theme Brazil Russia India China South Africa
Reuse and Industrial Limited Piloted reuse Sponge city = Constructed
recycling reuse in Sdo membrane- for  irrigation model; 30—  wetlands in
technologies = Paulo; based reuse in and industry; 40%  effluent municipalities
secondary Arctic regions; effluent reuse in Beijing = (Mthethwa,
effluent pilot potable = treatment (Yang et al., 2018)
recovery (Fico reuse plants (ETPs) 2022a)
et al., 2022) (Strielkowski et = (Bauer et al.,
al., 2024) 2020)
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Policy and National Federal Water Jal Shakti = Centralised Progressive
regulation Water and Code; weak = Ministry; guidelines; National
Sanitation pollution tax = fragmented eco-industrial Water  Act;
Plan; variable enforcement state—central certification uneven
municipal (Proskuryakova roles (Singh & (Huang et al., recycling
enforcement et al., 2018) Joshi, 2020) 2019) infrastructure
(Fico et al., (Mthethwa,
2022) 2018)
Economic Tradable Low-value Tiered tariffs; Reuse Blended
instruments  water permits; pollution fees; irrigation subsidies; finance;
limited uptake @ limited incentives discounted donor-driven
(de Andrade | incentives (Abhilash et al., | tariffs (Yang et pilots
Resende Filho 2020) al., 2023)
et al., 2015)
Industrial Petrochemical = Limited Basic effluent Mature  eco- Nascent,
symbiosis cluster reuse; implementation @ treatment industrial parks requiring
early-stage due to legacy systems in  (e.g., Suzhou, multi-
development | barriers industrial Tianjin) (Huang stakeholder
(Maalouf et al., @ corridors et al., 2019) coordination
2021)
Equity and Agricultural Low public | Cultural Urban—rural Public
acceptance  riparian engagement; resistance to disparities in resistance to
buffers; Arctic-focused reuse; rural CE potable
regional initiatives marginalisation = implementation = reuse; equity
disparities (de (Naidoo et al., gaps in
Mello et al., 2021) service
2017) delivery
(Tshililo et al.,
2024)

Table 2: Comparative synthesis of circular water practices across BRICS countries
(Source: Researcher)

As illustrated in Table 2, all BRICS countries have adopted a CE-aligned water strategy of some form;
however, China and India seem to show more institutional uptake and policy integration. In contrast,

Russia and South Africa show more fragmented implementation, particularly with respect to public
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engagement and technical capacity, suggesting the case for more region-specific policy support and

investment.
Discussion

While the technical and conceptual foundations for circular water systems are well-established, current
research indicates that their implementation remains largely fragmented and context-dependent.
Circular-economy approaches to water conservation are being researched and implemented across
BRICS countries at varying levels of commitment. Technology, for example, has enabled municipal
wastewater reclamation, zero liquid discharge, and nature-based solutions, all of which can support
viable circular water management. However, it is policy and institutional frameworks that will establish
the structure for CE. Furthermore, the fact that there are vast discrepancies in the use of these methods
across countries illustrates how influential other variables, i.e., governance capacity, financial resources,
and the level of infrastructural development, will be. Therefore, the data suggest that while the technical
and conceptual bases for circular water systems are well-established, the ability to implement those

concepts is still highly variable and context-specific.
Technology and Its Limitations

The findings of reuse and recycling technologies show that technological innovations are key to
developing circular water systems. For instance, China has made significant advances in implementing
CE principles through large-scale programs such as sponge cities and large-scale reuse projects.
Additionally, examples of industries utilising zero liquid discharge and membrane-based technologies
show great promise in reducing freshwater withdrawals and increasing the efficiency of water-intensive
industries. Lastly, natural-based solutions show the flexibility of CE principles in areas outside of large

metropolitan areas where a lack of infrastructure limits the installation of larger systems.

While new technological innovations are opening doors for circular water management, there are several
reasons why the pathways to reach those innovative ideas have significant limitations. For example,
high capital and operating expenses associated with advanced treatments make it difficult for developing
regions to adopt these technologies. Furthermore, high energy consumption associated with some
treatment processes and issues related to sludge management can greatly decrease the overall
sustainability of certain technologies. Also, variability in the adoption rate of membrane-based
technologies among BRICS countries illustrates differences in technical capabilities and investments in
different parts of the world. Ultimately, while technology is a vital tool for achieving circular economy

principles, its scalability is directly correlated with economic viability and institutional support.
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Policy and Institutional Influences

Policy, institutional, and financial frameworks were found to be major determinants of circular water
management across BRICS countries. Strong national strategies, regulations and governance
frameworks provide a favourable climate for the establishment and operation of water reuse and
resource recovery practices. In particular, financial tools such as tariffs, subsidies, and taxes on polluters
provide incentives for efficient use of water and investment in treatment technologies. Governance
frameworks and institutions across multiple sectors enhance the incorporation of circular economy

principles into the broader scope of water management systems.

Unfortunately, despite the existence of policy frameworks, their effectiveness is often limited by
institutional fragmentation and varying levels of implementation. Variations in governance capacity and
regulatory enforcement across BRICS countries result in disparate policy outcomes. Sometimes policies
exist theoretically but do not translate into actual practice because of lack of coordination between
stakeholders, inadequate knowledge of technologies or insufficient funding. Thus, there is a disconnect
between the creation of policy frameworks and their implementation, underscoring the need for a unified

governing model that accounts for the diverse characteristics of BRICS countries.
Enablers of Circular Water Systems

Three primary factors that assist in establishing circular water systems were identified from the literature.
First, consistent and coherent national policy frameworks enable legal support for implementation.
Second, economic incentive mechanisms, such as government grants, tax credits and blended finance
models, help eliminate economic obstacles associated with adopting advanced technologies. Third,
technological innovations enable greater efficiency in treating and reusing water across municipalities
and industrial settings. Fourth, institutional collaboration between various governmental levels facilitates

inter-institutional coordination to accelerate the growth of circular initiatives.

Together, these enablers show that implementing circular water systems requires a synergistic
relationship among regulatory, economic and technological factors. Moreover, their effectiveness is

enhanced when they operate together in conjunction with a comprehensive strategy.
Barriers and Socio-Economic Constraints

Although several enabling factors exist to foster the transition toward circular water systems, many
significant obstacles continue to impede the widespread application of these systems. Among the most
prevalent obstacles is economics, specifically high costs associated with building infrastructure to deploy
advanced technologies. Institutional impediments, including fractured governance models and
inadequate technical capacities, also restrict successful implementation. Socio-cultural factors such as

societal attitudes toward reuse of treated water are also significant determinants affecting the likelihood
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of success of circular initiatives. Finally, equity concerns arise because not all segments of society
benefit equally from the adoption of circular water systems. Advanced technologies tend to favour large
industrial consumers over smaller-scale users located in rural or peri-urban environments who face
economic and physical constraints limiting their access to such technologies. This evidence emphasises
the need for an inclusive and sensitive approach that considers social and economic aspects alongside

the technical features of water management.

In addition, the analysis is primarily qualitative, with limited quantitative and economic evaluation of the
technologies discussed, thereby constraining a more detailed assessment of cost-effectiveness and

scalability.
Cross-Country Differences in BRICS

BRICS countries exhibit considerable variations in their degree of adoption and advancement regarding
circular water systems. China demonstrates relative sophistication in implementing CE principles, driven
by robust policy frameworks and extensive investment in large-scale infrastructure. Progress toward CE
principles has been observed in India through national programs as well as decentralised efforts;
however, India still faces challenges in scaling its efforts. Circular economy initiatives in Brazil have
generally focused on industrial and urban contexts, whereas South Africa has focused primarily on
localised pilot-type initiatives. Russia represents an outlier given its minimal adoption rates in terms of

advanced treatment technologies.

This variation amongst BRICS countries underscores the significance of context specificities, including
governance structures, economic capabilities, environmental pressures etc., as drivers for circular
economy transitions. Further implications include tailoring strategies that take into consideration unique

advantages/disadvantages in each individual country.
Implications for Circular Water Transitions

Ultimately, the findings from this review suggest that transitioning to circular water systems in BRICS
countries requires a holistic approach. While technology is an important factor to achieve CE principles,
it cannot function independently of supportive policy frameworks and institutional/financial support. The
interaction amongst these three factors (technology, policy, and institutional/financial) will ultimately
determine the efficacy/scaling of CE principles. Consequently, future efforts should concentrate on
strengthening governance structures, expanding financial support mechanisms, and promoting
inclusivity to achieve equal access to water resources. An integrated perspective is needed to advance
sustainable/resilient water management systems that fit within the CE paradigm6. Conclusion and

Future Directions
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Conclusion

This study evaluates how circular economy principles are applied to conserve water across the BRICS

nations and identifies key technologies, policies, and institutions that influence or shape their use.
Lessons From the BRICS Experience

The BRICS bloc encapsulates numerous environmental, economic and governance realities that
together inform both the opportunities and complexities of applying circular economy principles to water
conservation. China’s large-scale pilot programs provide an example of how government-led
frameworks can lead to infrastructure upgrades and industrial symbiosis. India’s multi-faceted approach
to water reuse in both the urban and agricultural sectors informs the potential for decentralized solutions
but is hindered by financial and institutional barriers. Brazil ultimately benefitted from early adoption of
reclaimed water, despite some regions experiencing policy fragmentation. Russia is slowly emerging
with the adoption of circular water solutions, particularly where there are restrictions from legacy
infrastructure and partial regulatory enforcement. South Africa's progressive water law promotes
integrated management, but gaps in inequality in water service delivery and local capacity make

prescription difficult to enforce.

Overall, nearly all projects mentioned demonstrated reductions in water withdrawal and pollution loads,
which suggests that CE strategies can be viable solutions for water stress contexts when aligned with

broader resource-management and economic-development objectives.

These results emphasise that for a successful circular water transition, technology development must

align with institutional capacity, financial mechanisms, and governance structures.
Theoretical Implications

This study also contributes to an expanding body of literature on the circular economy. The study
extends the circular economy to the area of water resource management, specifically in emerging
economy contexts, by drawing on knowledge from industrial ecology, water governance, and
sustainability frameworks. The findings show that circular water systems do not solely represent
technological innovations; they also entail institutional, economic, and social/cultural influences. As
such, this study supports the need for greater interdisciplinarity and a contextual approach to circular

economy research, with a specific emphasis on resource management in the Global South.
Practical Implications

The findings of this study have several practical implications for policymakers and practitioners involved

in water resource management:
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Integrated Policy Frameworks: Less redundancy across various policy agencies, such as environment,
industry, and agriculture, will lessen bureaucratic hurdles and streamline approvals for water-reuse
initiatives.

Targeted Subsidies and Incentives: Promote adoption through capital cost reduction and reward high

reuse rates or improved water quality.

Inclusive Stakeholder Platforms: Create platforms for engagement with industry, municipalities, NGOs,
and local communities to co-develop reuse approaches that address issues of hierarchy and

acceptance.

Emphasis on Capacity Advancement: Provide funding for the technical and managerial capacity
necessary to operate complex systems, such as membrane techniques in cooperation with nature-

based approaches.

Timely Reporting and Data Standardisation: To facilitate comparisons between projects and engender
a lessons-learned outcome, develop standardisations that might report on (a) water saved, (b) energy

use, and (c) contaminants removed.
Future Research Directions

There is a growing body of knowledge on circular water interventions among the BICS countries;
however, there remains a lack of adequate literature. Notably, there is little empirical evidence on the
use of CE principles in rural and peri-urban settings, where the infrastructure gap and access issues are
clearest (Mthethwa, 2018; Naidoo et al., 2021). Further, many studies do not consider the equity aspects
of CE initiatives and the implications of policies for reclaimed water systems and industrial reuse
systems for smallholder farmers, informal settlements, or low-income urban communities (Tshililo et al.,
2024; Naidoo et al., 2021). Another need is the absence of longitudinal studies - there are very few
studies that follow circular water projects over long periods to assess the impact of or how the
intervention adapts to climate variability, and whether there is acceptable long-term cost recovery (Yang
et al., 2022b; Strielkowski et al., 2024). The gaps identified in the existing literature also emphasise the
need for future research not only to expand on the technological aspect, but to put at the fore issues of
social inclusion and sustainability in the CE-water intersection. Addressing these gaps will be critical to
advancing more inclusive, resilient, and sustainable circular water systems amid growing environmental
and socio-economic pressures.Future research should incorporate more robust quantitative and
economic analyses, particularly in relation to cost-benefit assessments and long-term financial viability

of circular water systems.
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