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ABSTRACT 

This research aims to explore the feasibility of adopting urban symbiosis for sustainable 

urban water reduction and management through a bibliometric analysis of key 
literature. A Scopus-based systematic review was conducted to analyse journal articles 

related to urban symbiosis, water management, and water reduction, with a focus on 
their intersection towards achieving sustainability. The outcomes of the systematic 

review were analysed using bibliometric techniques to examine the evolution of 

publications, identify leading journals, and determine the authors and countries which 
have published the most papers on the topic. The research also conceptualised the 

benefits, barriers, and enablers associated with adopting urban symbiosis for water 

reduction and management. The findings of this study contribute to a deeper 

understanding of the potential implications and practical implications of urban 

symbiosis in the context of sustainable water management. The study contributes to the 
knowledge of the potential of urban symbiosis in addressing the challenges of water 

management in urban areas and gives insights to policymakers, urban planners, and 

practitioners interested in implementing sustainable water management practices in 

urban areas. 
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1. INTRODUCTION  

Water scarcity is one of the most critical issues of the twenty-first century (Food and 

Agriculture Organization [FAO], 2018). Water is scarcity when the demand for fresh 

water in a particular area exceeds to water supply (Food and Agriculture Organization 

(FAO), 2012). Water scarcity refers to the condition of a lack of water supply for both 

human and environmental uses, and it is a severe and expanding issue on a global scale 

(White, 2014).  

Four billion people out of the whole world's population face water scarcity once annually 

and half a billion people face water scarcity throughout the year (Gao et al., 2018). 

Moreover, water scarcity affected more than three billion people in 2021 (Carbon 

Disclosure Project [CDP], 2018). Half of the world's population would be living in water-

stressed areas by 2025 (World Health Organization [WHO], 2019). By 2050, the world's 
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population is expected to reach around nine billion people (Srinivasan et al., 2012). 

However, water consumption has risen twice the global population growth rate (Project 

World Impact [PWI], 2021). By 2050, most of the three billion additional people will live 

in developing countries, mainly in areas where water supplies are already depleted and 

increasingly in cities with inadequate water and additional water requirements (CDP, 

2018). According to the authors, water scarcity will be in the future.  

Climatic changes, water pollution, population growth and deforestation are some of the 

major reasons for water scarcity (Ellison et al., 2017; Porkka et al., 2016; Srinivasan et 

al., 2012). Climatic changes can affect water supply by changing precipitation and 

demand patterns (United Nation Environment Programme [UNEP], 2011). Different 

demography, political-economic, social, and technological developments, global energy 

consumption, developments in construction, GHG emissions and pollutants are the 

reasons for climatic changes (Alley et al., 2003). Water pollution is the consequence that 

makes water unfit for human consumption (Solar Impulse Foundation [SIF], 2021). 

However, many factors contribute to water pollution, including domestic sewage, 

industrial wastewater, stormwater runoff, septic tank water and agricultural practices 

(Chowdhary et al., 2019). As a result of population growth, food production has risen; as 

a result, water scarcity has increased significantly (Porkka et al., 2016). Ellison et al. 

(2017) stated that increased deforestation is expected to have the most significant impact 

on land-atmosphere interactions, resulting in less rain and increasing water scarcity. 

Water management and water reduction are two strategies to reduce water scarcity (World 

Wide Fund [WWF], 2023). Many advantages for reducing water scarcity and enhancing 

water management in urban areas can be achieved through urban symbiosis (Estévez et 

al., 2022). Urban symbiosis can contribute to the creation of more sustainable and resilient 

cities by encouraging the reuse of wastewater and the optimal use of water 

resources(Estévez et al., 2022).  

2. LITERATURE REVIEW 

2.1 URBAN SYMBIOSIS 

Urban symbiosis is a cooperative relationship between various urban actors (such as 

households, commercials, and institutions) that entails the exchange of resources and 

services for the benefit of both parties to increase resource efficiency and water efficiency 

and promote sustainability (Mulder, 2021). As an extended concept of urban 

symbiosis, which is an expanded idea of industrial symbiosis, investigates synergies in 

urban and industrial areas by converting municipal solid waste into industrial space and 

using industries to supply living resources, such as waste heat and hot water (Sun et al., 

2017). Urban symbiosis is seen from a geographical perspective, optimises the regional 

metabolic network by allocating resources and infrastructures, hence minimising resource 

consumption, emissions and coordinating the interaction of industry with urban 

development (Sun et al., 2017). 

2.2 THE CONCEPT OF URBAN SYMBIOSIS FOR WATER REDUCTION AND 

MANAGEMENT 

A promising strategy for reducing water use and enhancing water management in cities 

has been identified as urban symbiosis (Wadström et al., 2023). Under this strategy, 
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several urban organisations, including municipal governments, businesses, and 

households, work together to share and utilise water resources (Wadström et al., 2023).  

Urban symbiosis success in managing water can be attributed to its ability to encourage 

the reuse and recycling of water, minimise distribution network losses, and maximise 

water consumption through effective technology and procedures (Santos et al., 2023; 

Tom et al., 2021). Also, urban symbiosis collaborative character can encourage 

innovation and create novel opportunities for sustainable water management (Valentine, 

2016). 

Urban symbiosis encourages the effective use and recycling of water resources in cities, 

which might help to reduce water scarcity (Estévez et al., 2022). In order to reduce the 

demand for freshwater and available water supplies, various urban actors might cooperate 

to cooperatively identify options for sharing and recycling water resources. The 

development of water reuse networks, in which wastewater from one user is treated and 

reused by another, is an illustration of this strategy (Santos et al., 2023). 

Urban symbiosis involves attaining economic, environmental, and social benefits in 

urban areas by collaborating and sharing resources, knowledge, and experience 

(Raymond et al., 2017). The effective management of water resources is one of the main 

advantages of urban symbiosis. Urban symbiosis can help urban areas use water 

sustainably by encouraging efficient water usage, minimising wastewater generation, and 

encouraging water reuse (Estévez et al., 2022). A key component of urban symbiosis that 

can reduce water usage in cities is efficient water use. Urban symbiosis encourages water-

saving techniques like rainwater collection, greywater reusing, and the use of low-flow 

plumbing equipment to reduce water consumption (López Zavala et al., 2016). In 

conclusion, urban symbiosis can have a big impact on water management and water use 

reduction in urban areas. Urban symbiosis' key components, efficient water utilisation, 

reduced wastewater production, and encouragement of water reusing can support the 

sustainable use of water resources in urban environments.  

3. RESEARCH METHODOLOGY 

To complete the present study, a systematic review of the literature was used as the 

methodological basis. Hence, by a systematic review of the Scopus database, it was first 

recognised that key literature was published indicating the intersection of the fields of 

water use reduction, urban symbiosis, and water management. This Scopus-based review 

article presents the first insights into the growth of urban symbiosis for water reduction 

and management from 2016 to 2023. 

Using the keywords "water reduction," "urban symbiosis," and "water management," the 

Scopus database was searched for relevant titles, abstracts, and documents published from 

2016 to 2023 [TITLE-ABS-KEY ("water reduction" AND "water management" OR 

"urban symbiosis"]. The Scopus search tool's filters, I DOCUMENT TYPES=(Articles) 

AND (ii) SOURCE TYPE=(Journals), were used to further narrow down the initial 133 

articles to find the best literature. In light of this, 67 journal articles were chosen as the 

foundation for the bibliometric study. 

Two (02) chosen indicators of the co-occurrence of words and the number of articles 

illustrating the intersection of the fields of water management, water reduction, and urban 

symbiosis were used to conduct the analysis of the literature. Leading journals that have 

published on the intersection of water management, water use reduction, and urban 
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symbiosis, as well as the top authors who have published a significant number of articles 

combining these fields, as well as the top publishing countries, were identified through 

this evolution in the number of journal articles published over time. The literature was 

chosen in accordance with the selected bibliometric indicators in order to comprehend 

how water management, water reduction, and urban symbiosis connect. 

4. RESULTS AND DISCUSSION 

This section of the paper presents the key research findings related to two major areas: (i) 

outcomes of bibliometric analysis, and (ii) urban symbiosis for water reduction and 

management. The bibliometric analysis identified the most influential publications, 

authors and countries in the field of urban symbiosis, highlighting the growing interest in 

this area of research. 

4.1 OUTCOMES OF BIBLIOMETRIC ANALYSIS 

As the initial step, a Scopus-based systematic review was conducted to collect data related 

to the evolution of the urban symbiosis concept for water reduction and management. The 

collected data for the period from 2016 to 2023 was analysed using bibliometric analysis. 

The results were organised under four key headings: (i) evolution of the number of journal 

articles published, (ii) leading journals that published articles related to urban symbiosis 

for water reduction and management, (iii) analysis of the leading authors in this field, and 

(iv) analysis of leading countries of journals that published articles on the topic. This 

analysis provides valuable insights into the trends and patterns of research in this area, 

highlighting the growing interest in urban symbiosis as a promising approach to water 

management in urban areas. 

4.1.1 Evolution of the Number of Journal Articles Published on Urban Symbiosis 

for Water Reduction and Management 

The systematic review analysed a total of 67 journal articles published between 2016 and 

2023, focusing on the intersection of urban symbiosis for water reduction and 

management. The evolution of the number of journal articles published on this topic in 

the Scopus database is presented in Figure 1.  

The analysis revealed that 13 articles was published in 2016, but the number of articles is 

reduced as 9 and 8 respectively in 2017 and 2018. In 2019, increased to 11 articles, 

followed by 8 and 7 in 2020 and 2021, respectively. As shown in Figure 1, the number of 

publications peaked in 2016 with a total of 13 articles, while three articles were published 

in the first three months of 2023. The overall trend indicates a decreasing number of 

publications on urban symbiosis for water reduction and management from 2016 to 2018, 

followed by an increasing trend in 2019 and beyond. After 2019, it again decreased until 

2021. But in 2022, it little bit increased publishing 8 articles. Many of the published 

articles focused on water management and sustainability, highlighting the growing 

interest in this topic.  
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Figure 1: Evolution of the number of articles 

Source: Scopus-based systematic review 

4.1.2 Leading Journals Published Urban Symbiosis for Water Reduction and 

Management 

Urban water symbiosis has emerged as a revolutionary concept in today's world, with a 

limited number of journals currently dedicated to its publication. Figure 2 presents the 

leading journals that published articles on the intersection of urban symbiosis for water 

reduction and management between 2016 and 2023. According to the analysis, the 

Journal of Cleaner Production published the highest number of articles (three) on this 

topic during the period. Other leading journals that published a high number of articles 

include Agriculture Water Management, Desalination and Water Treatment, Science of 

the Total Environment, and Water Science and Technology: Water Supply.  
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 Figure 2: Leading journals that published most articles 

     Source: Scopus-based systematic review 

4.1.3 Leading Authors in the Concept 

Figure 3 displays the leading authors who have contributed to the adoption of urban 

symbiosis for water reduction and management. The analysis of the data from Scopus for 

the period between 2016 and 2023 reveals that Moghini and Sepaskhah published the 

most articles (three) on this topic. Other authors who have made significant contributions 

include Kanakpudis V, Klingel P, and Mastaller M, each of whom has published two 

articles in Scopus. 
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Figure 3: Leading authors in the field 

   Source: Scopus-based systematic review 

4.1.4 Leading Countries in the Concept 

The leading journal countries that have published most articles considering urban 

symbiosis for water reduction and management intersection over the period from 2016 to 

2023 are presented in Figure 4. As shown in Figure 4, China is the leading country that 

published the highest number of articles on the intersection of water management, water 

reduction and urban symbiosis during the period from 2016 to 2023. China is one of the 

countries which is used the urban symbiosis concept for water reduction and management 

(Li et al., 2021). The United State is the second leading country that published a journal 

for urban symbiosis, water management and water reduction. United Kingdom, Iran, 

Italy, Australia, Greece, Malaysia, Brazil and Canada are the other leading countries 

which published journals regarding urban symbiosis for water reduction and 

management.  
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Figure 4: Documents by countries 

Source: Scopus-based systematic review 

According to the analysis, the concept of urban symbiosis is evolving as a developing 

study worldwide. The current application of urban symbiosis is focused on water 

reduction and management. 

4.2 ADOPTING THE URBAN SYMBIOSIS CONCEPT FOR WATER REDUCTION 

AND WATER MANAGEMENT 

Urban water symbiosis has gained significant attention and adoption by numerous 

countries worldwide due to its potential to address multiple challenges associated with 

water management in urban areas. This innovative concept promotes the integration and 

collaboration of various urban water systems to achieve greater resource efficiency, 

sustainability, and resilience. 

Recent journal articles suggest that adopting the concept of urban symbiosis can be an 

effective approach to reducing water consumption and managing water resources in urban 

areas. For example, discovered that urban symbiosis-based strategies, such as water 

collection and reuse, can significantly reduce water use in residential building(Tian et al., 

2017). Another study by Bao et al., (2019) looked at how urban symbiosis might help 

public places to reduce the consumption of water. The study discovered methods based 

on urban symbiosis, such as using recycled wastewater in daily works of the residential 

area. Furthermore, a recent review by Tian et al., (2017) highlighted the potential of urban 

symbiosis for water management in China. 

An urban symbiosis is a promising approach for reducing water consumption and 

improving water management in urban areas(Byrne et al., 2020). One of the key benefits 

of urban symbiosis is its potential to create more efficient and sustainable water systems. 

For example, green infrastructure-based approaches, such as rain gardens and bioswales, 

can be used to capture and collect stormwater runoff, which can then be used for irrigation 
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or other non-potable uses (Byrne et al., 2020). Another benefit of urban symbiosis is its 

potential to promote circular economies and reduce waste. For instance, industrial 

symbiosis-based approaches, such as the reuse of treated wastewater for industrial 

processes, can help reduce the demand for freshwater resources (Tian et al., 2017). In 

addition, urban symbiosis can also help reduce water pollution by promoting the use of 

more sustainable practices and technologies (Sun et al., 2017). Overall, these benefits 

highlight the potential of urban symbiosis to improve water management and reduce 

water-related challenges in urban areas. 

Urban symbiosis has been used in a variety of countries to enhance water management 

and reduction. For example, the government of China has established a national 

urban symbiosis program to promote the exchange of resources, energy, and water among 

facilities  (Tian et al., 2017). Participating organisations’ water consumption and 

wastewater output have decreased as a result of the program (Li et al., 2021). Another 

example is Colombia, where a project to promote urban symbiosis has been implemented 

in public places to lessen wastewater generation and encourage the reuse of water 

resources (Park et al., 2018). Other countries that have implemented urban symbiosis 

projects for water reduction and management include South Korea, Japan, the United 

States, Brazil, South Africa and India (Neves et al., 2020) 

Despite the potential benefits of urban symbiosis in water reduction and management, 

several barriers can hinder its implementation. One of the key issues is the lack of 

institutional and regulatory frameworks that support collaborative resource management 

and exchange (Andersson et al., 2019). Andersson et al., (2019) stated that because of 

this, it could be challenging for various urban actors to collaborate and gain access to the 

infrastructure and resources needed to create symbiotic partnerships. Uncertainty about 

urban symbiosis and its potential advantages is another barrier, which can make it 

challenging to involve stakeholders and build support for cooperation (Neves et al., 

2020).  The implementation of urban symbiosis might also be limited by financial and 

economic barriers because symbiotic relationships may be more expensive to establish 

and maintain than traditional water management strategies (Park et al., 2018). Finally, 

cultural and societal barriers can also play a role, since attitudes and ideas about 

ownership, competition, and privacy may limit collaboration and the sharing of resources 

(Andersson et al., 2019).  
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Figure 5: Summary of details for adopting urban symbiosis for water reduction and management 

5. CONCLUSIONS 

This study has conducted a systematic review of key literature published in the Scopus 

database between 2016 and 2023 to explore the feasibility of adopting urban symbiosis 

for sustainable urban water reduction and management. The bibliometric analysis 

outcomes contribute significantly to identifying the number of published journals, leading 

journal authors, and countries in the field of urban symbiosis. It is evident from the 

analysis that urban symbiosis is an evolving and growing area of study worldwide, with 

a particular focus on water reduction and management. Through the analysis of existing 

literature, several key findings have emerged regarding the implementation of urban 

symbiosis for water reduction and management. The identified benefits of adopting urban 

symbiosis include the creation of more efficient and sustainable water systems, the 

promotion of circular economies, waste reduction, and the reduction of freshwater 

resource demand and water pollution through sustainable practices and technologies. 

Countries such as China, Colombia, South Korea, Japan, the United States, Brazil, South 

Africa, and India have already implemented urban symbiosis projects for water reduction 

and management. However, certain barriers need to be addressed when implementing 

urban symbiosis. These include the lack of institutional and regulatory frameworks that 

support collaborative resource management and exchange, gaining access to the 

infrastructure and resources needed to create symbiotic partnerships, challenges to 

involve stakeholders and build support for cooperation, and financial and economic 

barriers because symbiotic relationships may be more expensive to establish and maintain 

than traditional water management strategies and attitudes and ideas about ownership, 

competition, and privacy may limit collaboration and the sharing of resources. In 
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conclusion, this research provides valuable insights into the feasibility and potential of 

adopting urban symbiosis for sustainable urban water reduction and management. The 

study serves as a guide to identifying the benefits, barriers, and countries implementing 

urban symbiosis in the water sector. It is hoped that this work will contribute to the 

development of more effective strategies and approaches for sustainable water 

management in urban areas. 

6. REFERENCES 

Alley, R. B., Marotzke, J., Nordhaus, W. D., Overpeck, J. T., Peteet, D. M., Pietke, R. A., Pierrehumbert, 

R. T., Rhines, P. B., Stocker, T. F., Tattey, L. D., & Wallace, J. M. (2003). Abrupt climate change. 

Science, 299(5615), 2005–2010. https://doi.org/10.1126/science.1081056 

Bao, X., Wu, Q., Shi, W., Wang, W., Zhu, Z., Zhang, Z., Zhang, R., Zhang, B., Guo, Y., & Cui, F. (2019). 

Dendritic amine sheltered membrane for simultaneous ammonia selection and fouling mitigation in 

forward osmosis. Journal of Membrane Science, 584, 9–19. 

https://doi.org/10.1016/j.memsci.2019.04.063 

Byrne, J., Taylor, M., Wheeler, T., & Breadsell, J. K. (2020). WGV: Quantifying Mains Water Savings in 

a Medium Density Infill Residential Development. Sustainability, 12(16), 6483. 

https://doi.org/10.3390/su12166483 

Carbon Disclosure Project (CDP). (2018). Treading Water, Corporate Responses to Rising Water 

Challenges (CDP Global Water Report). CDP Global Water Report 2018, 84. 

Chowdhary, Pankaj; Bharagava, Ram Naresh; Mishra, Sandhya; Khan, N. (2019). Role of inductries in 

water scarcity and its adverce effects on enviroment and human health. 235–256. 

Ellison, D., Morris, C. E., Locatelli, B., Sheil, D., Cohen, J., Murdiyarso, D., Gutierrez, V., Noordwijk, M. 

van, Creed, I. F., Pokorny, J., Gaveau, D., Spracklen, D. V., Tobella, A. B., Ilstedt, U., Teuling, A. J., 

Gebrehiwot, S. G., Sands, D. C., Muys, B., Verbist, B., … Sullivan, C. A. (2017). Trees, forests and 

water: Cool insights for a hot world. Global Environmental Change, 43, 51–61. 

https://doi.org/10.1016/j.gloenvcha.2017.01.002 

Estévez, S., González-García, S., Feijoo, G., & Moreira, M. T. (2022a). How decentralized treatment can 

contribute to the symbiosis between environmental protection and resource recovery. Science of The 

Total Environment, 812, 151485. https://doi.org/10.1016/j.scitotenv.2021.151485 

Food and Agriculture Organization of the United Nations (FAO). (2012). Coping with water scarcity An 

action framework for agriculture and food security. In Food and Agriculture Organization of the United 

Nations, Rome: Italy 

Food and Agriculture Organization of the United Nations (FAO). (2018). The State of Food Security and 

Nutrition in the World: Building Climate Resilience for Food Security And Nutrition, 

https://www.fao.org/3/I9553EN/i9553en.pdf 

Gao, X., Schlosser, C. A., Fant, C., & Strzepek, K. (2018). The impact of climate change policy on the risk 

of water stress in southern and eastern Asia. Environmental Research Letters, 13(6). 

https://doi.org/10.1088/1748-9326/aaca9e 

Mulder K.F. (2021). Urban symbiosis, a new paradigm in the shift towards post-carbon cities. 

Li, Y., Zeng, X., Zhou, J., Shi, Y., Umar, H. A., Long, G., & Xie, Y. (2021). Development of an eco-

friendly ultra-high performance concrete based on waste basalt powder for Sichuan-Tibet Railway. 

Journal of Cleaner Production, 312, 127775. https://doi.org/10.1016/j.jclepro.2021.127775 

López Zavala, M., Castillo Vega, R., & López Miranda, R. (2016). Potential of Rainwater Harvesting and 

Greywater Reuse for Water Consumption Reduction and Wastewater Minimization. Water, 8(6), 264. 

https://doi.org/10.3390/w8060264 

Neves, A., Godina, R., Azevedo, S. G., & Matias, J. C. O. (2020). A comprehensive review of industrial 

symbiosis. Journal of Cleaner Production, 247, 119113. https://doi.org/10.1016/j.jclepro.2019.119113 

Park, J., Duque-Hernández, J., & Díaz-Posada, N. (2018). Facilitating Business Collaborations for 

Industrial Symbiosis: The Pilot Experience of the Sustainable Industrial Network Program in Colombia. 

Sustainability, 10(10), 3637. https://doi.org/10.3390/su10103637 



Adopting urban symbiosis for sustainable urban water reduction and management: A Bibliometric 

analysis 

Proceedings The 11th World Construction Symposium | July 2023  109 

Porkka, M., Gerten, D., Schaphoff, S., Siebert, S., & Kummu, M. (2016). Causes and trends of water 

scarcity in food production. Environmental Research Letters, 11(1). https://doi.org/10.1088/1748-

9326/11/1/015001 

Project World Impact (PWI). (2021). Water Scracity. https://projectworldimpact.com/cause/Water-

Scarcity 

Raymond, C. M., Frantzeskaki, N., Kabisch, N., Berry, P., Breil, M., Nita, M. R., Geneletti, D., & 

Calfapietra, C. (2017). A framework for assessing and implementing the co-benefits of nature-based 

solutions in urban areas. Environmental Science & Policy, 77, 15–24. 

https://doi.org/10.1016/j.envsci.2017.07.008 

Santos, A. F., Alvarenga, P., Gando-Ferreira, L. M., & Quina, M. J. (2023). Urban Wastewater as a Source 

of Reclaimed Water for Irrigation: Barriers and Future Possibilities. Environments, 10(2), 17. 

https://doi.org/10.3390/environments10020017 

Södergren, K., & Palm, J. (2021). The role of local governments in overcoming barriers to industrial 

symbiosis. Cleaner Environmental Systems, 2, 100014. https://doi.org/10.1016/j.cesys.2021.100014 

Solar Impulse Foundation (SIF). (2021). Solution to water scarcity. https://solarimpulse.com 

Srinivasan, V., Lambin, E. F., Gorelick, S. M., Thompson, B. H., & Rozelle, S. (2012). The nature and 

causes of the global water crisis: Syndromes from a meta-analysis of coupled human-water studies. 

Water Resources Research, 48(10). https://doi.org/10.1029/2011WR011087 

Sun, L., Li, H., Dong, L., Fang, K., Ren, J., Geng, Y., Fujii, M., Zhang, W., Zhang, N., & Liu, Z. (2017). 

Eco-benefits assessment on urban industrial symbiosis based on material flows analysis and emergy 

evaluation approach: A case of Liuzhou city, China. Resources, Conservation and Recycling, 119, 78–

88. https://doi.org/10.1016/j.resconrec.2016.06.007 

Tian, D., Zhang, Y., Mu, Y., Zhou, Y., Zhang, C., & Liu, J. (2017). The effect of drip irrigation and drip 

fertigation on N2O and NO emissions, water saving and grain yields in a maize field in the North China 

Plain. Science of The Total Environment, 575, 1034–1040. 

https://doi.org/10.1016/j.scitotenv.2016.09.166 

United Nation Environment Programe (UNEP). (2011). Annual Report-Water Scarcity. 

        https://www.unep.org/resources/annual-report/unep-2011-annual-report 

Valentine, S. V. (2016). Kalundborg Symbiosis: fostering progressive innovation in environmental 

networks. Journal of Cleaner Production, 118, 65–77. https://doi.org/10.1016/j.jclepro.2016.01.061 

Wadström, C., Södergren, K., & Palm, J. (2023). Exploring total economic values in an emerging urban 

circular wastewater system. Water Research, 233, 119806. 

https://doi.org/10.1016/j.watres.2023.119806 

White, C. (2014). Understanding water scarcity: Definitions and measurements. Global Water: Issues and 

Insights, 9–11. https://doi.org/10.22459/gw.05.2014.28 

World Health Organization. (2019). Drinking Water. https://www.who.int/news-room/fact-

sheets/detail/drinking-water 

World Wide Fund (WWF). (2023). Managing Water Scarcity. 

Https://Www.Worldwildlife.Org/Projects/Managing-Water-Scarcity. 

 

 

 

 

 
 

 

 

https://doi.org/10.3390/environments10020017

