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Extended Abstract

Introduction

With global population growth, industrial development, and the consequences of climate change, freshwater resources
in many regions of the world have experienced a significant decline. According to reputable international reports, over
two billion people live in areas with severe water stress. This crisis has made the search for alternative water sources
and the intelligent management of water reserves a top priority. In this context, Unconventional Water Resources
(UWRs) have emerged as a strategic solution to address water scarcity. These resources encompass a wide range of
technologies and methods that enable the utilization of non-traditional water sources. Despite their high potential,
numerous challenges—including technical limitations, high costs, and social resistance—have hindered their
development. This study aims to provide a comprehensive analysis of the advantages, limitations, and implementation
strategies of UWRs, systematically examining these resources under four main categories: atmospheric water, processed
water, transferred water, and unconventional groundwater.

Materials and Methods

This research employs a systematic review and qualitative content analysis to examine the existing literature on UWRs.
Data were collected from reputable international databases (Scopus, Web of Science, Science Direct) and Persian
databases (Sid, Magiran, Civilica). Search keywords included core concepts related to UWRs, associated technologies,
and implementation challenges. Article selection criteria were based on a defined timeframe (1998-2025) and thematic
scope (technologies, challenges, socio-economic and environmental dimensions). A two-stage screening process was
applied: the first stage involved title and abstract screening, while the second stage assessed full-text articles.
Ultimately, 41 studies with robust methodological quality were selected for final analysis. Extracted data included the
type of UWR, study region, key findings, advantages, and limitations. Findings were synthesized through comparative
tables and analytical evaluation.

Results and Discussion

The findings revealed that UWRs can be classified into four main categories: atmospheric water (including fog/dew
harvesting, cloud seeding, and rainwater collection), processed water (desalinated water, treated wastewater, greywater,
and agricultural drainage water), transferred water (glacial meltwater and virtual water), and unconventional
groundwater (artificial aquifer recharge and fossil water). The optimal choice of resource depends on factors such as
sustainability, cost, environmental considerations, and geographical conditions. Resources like rainwater and greywater
are more sustainable due to their renewability and low operational costs, whereas advanced technologies like
desalination require significant investment. Major challenges include technical limitations, high costs, social resistance,
and governance barriers. However, technological advancements (e.g., nanofiltration), smart policymaking, and
community engagement can help overcome these obstacles. In Iran, successful experiences with treated wastewater and
atmospheric moisture extraction demonstrate the high potential of these resources. Additionally, decentralized treatment
systems and salinity-adapted agriculture can enhance the efficiency of UWR utilization.
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Conclusion

This study demonstrates that UWRs can play a vital complementary role in ensuring water security. Successful
management of these resources requires a fundamental shift in water governance—transitioning from centralized
approaches to participatory models involving the private sector and local communities. Key strategies include
developing low-cost indigenous technologies, establishing flexible standards, implementing educational programs, and
creating long-term monitoring systems. Ultimately, the intelligent integration of UWRs into an Integrated Water
Resources Management (IWRM) framework can ensure water sustainability amid climate change and population
growth. Future research should focus on cost-effective technologies, lifecycle assessments, and international
collaborations.
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Table 2. Systematic review of key studies on unconventional water resources: approaches, findings, and

applications
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