

[image: Multi-criteria analysis for sustainable and cost-effective development of desalination plants in Chile]
Multi-criteria analysis for sustainable and cost-effective development of desalination plants in Chile





ORIGINAL RESEARCH

published: 03 June 2024

doi: 10.3389/fmars.2024.1358308

[image: image2]


Multi-criteria analysis for sustainable and cost-effective development of desalination plants in Chile


Iván Sola 1,2*, Domingo Zarzo 3, José Luis Sánchez-Lizaso 1,4 and Claudio A. Sáez 1,2


1 Departament of Marine Sciences and Applied Biology, University of Alicante, Alicante, Spain, 2 HUB-AMBIENTAL UPLA, University of Playa Ancha, Valparaíso, Chile, 3 Sacyr Water, Innovation and Strategic Projects Manager, Madrid, Spain, 4 Ciencias del Mar, Universidad de Alicante, Unidad Asociada al CSIC por el IEO, Alicante, Spain




Edited by: 

Tsz Leung Yip, Hong Kong Polytechnic University, China

Reviewed by: 

Alberto Del Villar, University of Alcalá, Spain

Mahmoud Elewa, Technology and Maritime Transport (AASTMT), Egypt

*Correspondence: 
Iván Sola
 ivan.sola@ua.es


Received: 19 December 2023

Accepted: 22 May 2024

Published: 03 June 2024

Citation:
Sola I, Zarzo D, Sánchez-Lizaso JL and Sáez CA (2024) Multi-criteria analysis for sustainable and cost-effective development of desalination plants in Chile. Front. Mar. Sci. 11:1358308. doi: 10.3389/fmars.2024.1358308



In Chile, there is an increasing demand for freshwater supply for human consumption, agriculture, and industrial activities. In this sense, the country is highly threatened by climate change, which is drastically affecting the availability of water resources in the north-central region due to desertification processes. Therefore, seawater reverse osmosis (SWRO) desalination is becoming one of the most feasible alternatives to address current and future challenges regarding water scarcity in the country. This investigation aims to evaluate potential locations for a sustainable and cost-effective installation of desalination projects; the latter, under a multi-criteria and geographic information system (GIS)-model. The model was tested in the highly water scarcity-threatened Valparaiso Region, Chile, as a case study. The model was developed integrating economic and socio-environmental criteria involved in the development and/or construction of desalination projects. The results of the multi-criteria analysis show that the Valparaıso Region presents optimal areas for developing SWRO projects. Both the northern and central areas of the Region show appropriate locations for installing SWRO plants and their freshwater distribution lines, ensuring short- and long-term water supply, especially for agriculture and population consumption. The results obtained in this study could be extrapolated as a tool to assess the desalination projects development in other world regions to make future desalination projects more viable and sustainable for addressing global water demands.
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1 Introduction

Chile is currently highly threatened by climate change, with a drastic reduction in precipitation, increased evaporation, frequency of droughts, and average temperatures, which is already seriously affecting the availability of water resources; indeed, a situation that will worsen in the next few years (Valdés-Pineda et al., 2014; Garreaud et al., 2019). Scientific models estimate a drastic situation for the period 2030 - 2060 for the central-northern region, projecting a reduction of up to 50% of water availability, that will cause serious socio-economic consequences, especially in productive activities such as agriculture and also human consumption (Garreaud et al., 2017).

In this context of water scarcity, there is an urgent necessity to complement traditional water resources with new alternatives. Considering Chile’s geography, with 6400 km of coastline and an average width of 180 km, seawater desalination represents one of the best alternatives to solve current and future challenges regarding water scarcity (Sola et al., 2019a; Herrera-León et al., 2022).

The development of desalination projects is determined by many factors, such as financing, environmental requirements, politics, cost of desalinated water, public acceptance, among others. However, there are two main factors that represent a socio-economic barrier or increase in the development time of desalination projects in many countries (Sola et al., 2021). On the one hand, the development of a desalination project can cause impacts on the environment, mainly associated with the impact of brine discharge on marine ecosystems; also, the construction of the desalination plant and their water distribution line represent stages of eventual impacts (Missimer and Maliva, 2018; Berenguel-Felices et al., 2020; Sola et al., 2020b). In spite of the latter, the effects of brine discharges are usually the most important potential impact regarding desalination development (Heck et al., 2018; Sola et al., 2021). Brine effluents are characterized by a salinity concentration that can double the salinity of the seawater body; this excess salinity also implies higher density (Mezher et al., 2011; Panagopoulos et al., 2019). Therefore, the discharges have been observed to mainly affect the benthic communities present in the affected area, mainly sessile communities or those with a low mobility capacity to escape from the high salinity influenced zone (Petersen et al., 2018; Sharifinia et al., 2019; Sola et al., 2020b; Muñoz et al., 2023). However, scientific experiences have demonstrated that it is possible to achieve long-term sustainable desalination when properly corrective and preventive measures are adopted (Sola et al., 2020a). These include: the implementation of a rigorous environmental assessment process; the adoption of scientifically tested measures to minimize the impacts of brine discharges, such as the use of diffusers and/or dilution of the discharge with seawater or other sources; and/or the implementation of a rigorous Environmental Monitoring Plan (EMP) that implements the appropriate requirements to ensure low impacts on marine ecosystems (Sola et al., 2019a, 2019b).

On the other hand, the increase of costs of producing desalinated water compared to freshwater from natural sources potentially represents an important obstacle for desalination development in certain countries (Al-Karaghouli and Kazmerski, 2013; Sola et al., 2021). However, there are numerous successful experiences worldwide demonstrating that it is possible to a achieve a cost-effective use of desalinated water, even for agriculture and human consumption (Eke et al., 2020). For example, Spain is an international example in the use of desalination for agriculture, being the largest producer of desalinated water in the world, representing more than 20% of desalinated water production for agricultural consumption. The availability of freshwater for the agricultural sector has ensured the prosperity of an economic activity that represents a 9.7% of the country’s total economic contribution (Zarzo et al., 2013; AEDyR, 2018; Pulido-Bosch et al., 2019; Alvez et al., 2020).

Desalination for agriculture has also increased in other areas of the world, such as Kuwait, with 13% of the total desalinated water for these purposes, Italy with 1.5%, the United States with 1.3%, Bahrain with 0.4% and Qatar with 0.1%. Although in other countries the production of desalinated water for agriculture represents a low percentage of production, the use of desalination for agriculture is projected to steadily increase worldwide, including in South America (DesalData, 2021).

The development of desalination projects has increased considerably in many regions of the world, although this development has mainly been related to developed countries with higher economic potential and/or financing, such as Saudi Arabia, Spain, Israel, the United Arab Emirates, China, among others. For that, the desalinated water production is mainly concentrated in the Middle East, representing more than 40% of the world’s installed production capacity. The economic costs and/or socio-environmental barriers remain a challenge to the development of desalination projects in some regions of the world (Sola et al., 2021). However, if these aspects are addressed, it is expected that other regions such as South America, will increase the number of desalination projects in order to address water demand (Eke et al., 2020; Sola et al., 2021).

In the case of Chile, there is no integrated a water strategy for the efficient and structured development of desalination projects. Further, more than 85% of desalinated water production capacity is destined for mining (Sola et al., 2019a). Therefore, it is crucial the implementation of tools and strategies for making feasible the development of projects reducing the economic costs of desalinated water and being environmentally sustainable, in order to address the water demand for human consumption and agricultural activities with lower economic capacity than other industrial activities (e.g. mining).

The aim of this paper is to assess through a based multi-criteria Geographic Information System (GIS) model the potential locations for the sustainable and cost-effective desalination development, especially considering as final users agriculture and human consumption. The model has been applied in Chile, using the Valparaiso Region as a case study. For that, the goal is to identify the best zoning criteria and geographic alternatives for SWRO plants, in order to reduce the production costs of desalinated water, social conflicts, and minimizing potential environmental impacts. This study includes: i) the development of an extrapolable methodology for the installation of desalination plants and their water distribution lines; ii) the identification of the most optimal areas for the installation of desalinations plants in Valparaiso Region.




2 Materials and methods



2.1 Study area

The Valparaíso Region is located in the central-northern area of Chile (Figure 1). It is one of the regions most affected by the reduction of water resources, due to the consequences of climate change and the increasing water demand, mainly for agriculture and human consumption, which represents 80% and 12%, respectively, of the total water final users; also, is the second region most populated in Chile (Ministerio de Obras Públicas, 2017a; Garreaud et al., 2019). Indeed, the number of water scarcity decrees in the region has increased by to over 60 in the last decade, which include more than 25 affected cities or towns (DGA, 2022).




Figure 1 | Location of Valparaiso Region among the 16 regions of Chile. This region was used as a case study for multi-criteria analysis.



The agricultural sector in the region represents 3.5% of the total cropping area in Chile, covering approximately 150,000 hectares. Within this area, the main production activities are forestry (38%), fruit (34%), forage (11%), vegetables (7%), and vineyards (5%); moreover, the region represents 19% of the total fruit production in the country (Garreaud et al., 2017; Herrera-León et al., 2022).




2.2 Requirements factors for multi-criteria analysis for desalination

The analysis was carried out after an evaluation of the main economic and socio-environmental factors that may affect the development and/or construction of desalination plants and their respective freshwater distribution lines (Ibrahim et al., 2018; Sola et al., 2021). These criteria were divided into two groups: excluding criteria and evaluated criteria. Excluding criteria were attributed to areas that should be strictly avoided. This included: i) marine protected areas to avoid negative brine discharge impacts on marine sensitive organisms and ecosystems; ii) land protected areas (e.g. wetlands, estuaries) to evade environmental associated impacts related with construction and distribution lines; iii) areas with urban-industrial activities where land use is spatially saturated or with high concentration of polluting activities; iv) tsunami inundation risk areas in order to avoid medium and long-term potential flooding, important in the context of Chilean permanent earthquake events.

The criteria evaluated included: i) the proximity of SWROs to the coastline, in order to reduce the economic costs of brine discharge pumping and seawater intake (C); ii) elevation, prioritizing areas with low grounds, to reduce the economic costs related with brine discharge pumping, seawater intake and distribution of freshwater inland (E); iii) evaluation of potential freshwater demand for agriculture and human consumption (A;H); iv) the proximity of SWROs to appropriate roads, to reduce the economic costs associated with new associated infrastructure (R); v) the elude the proximity of SWROs to locations that may potentially create social conflict, such as fishermen ports and sites of anthropological value (S).

A review of the information and data published related to the factors included was carried out based on the data compiled in the Geospatial Data Infrastructure (Infraestructura de Datos Geoespaciales; IDE) in 2021 (https://www.ide.cl/).

The factors considered were evaluated using a semi-quantitative scale, where 1 represented the lowest degree and 5 the highest degree for the geospatial area assessed (Table 1).


Table 1 | Semi-quantitative scale used for criteria evaluated.



In addition, to assess the importance between criteria, we calculated a weighting coefficient (Q) that was defined using a committee of experts using a semi-quantitative scale, where 1 represented a lowest importance and 5 the highest relevance for each factor under the perception of the surveyed (Table 2). This allowed us to compare the experts’ assessments based on the different criteria considered. The committee of experts included members of the International Desalination Association (IDA), academics, and researchers around the world with strong backgrounds in desalination (DesalData, 2021; Sola et al., 2021). Finally, the median measure was used to compare the results obtained from the surveys.


Table 2 | Semi-quantitative scale used to calculate the weighting coefficient (Qi) for each criteria assessed.



Finally, the multi-criteria analysis (Ceberio and Modave, 2006; Taherdoost, 2023) was estimated using Equation (1) as follows:

	

where i is the evaluation for the weighting coefficient (Qi) and each criteria considered for the multi-criteria analysis. The following criteria were considered for the analysis: proximity of SWROs to the coastline (C), elevation (E), proximity to freshwater demand for agriculture (A), proximity to freshwater demand for human consumption (H), proximity of SWROs to road infrastructure (R), proximity of SWROs to potential social conflict areas (S).

The results analyzed were presented in three zones within the Valparaiso Region, the northern, central and southern zones of the Region. The multi-criteria analysis and the spatial representation were conducted using the QGIS© v.3.10.12 software through the geospatial data compiled (Ceberio and Modave, 2006; Taherdoost, 2023). Values higher than 4 upon the multi-criteria analysis represent optimal areas for desalination projects and their distribution lines.





3 Results



3.1 Weighting coefficient of criteria evaluated

The results obtained showed that the criteria that most affect the development of desalination projects and their water distribution in Chile are the proximity of the plant to the coast, the elevation where the project and the water distribution are installed and expected to operate, and the proximity to the largest water consumers. On the other hand, the least relevant factor was the proximity to road infrastructure (Table 3).


Table 3 | Results obtained of semi-quantitative scale used for criteria evaluation results obtained from the different desalination experts.






3.2 Optimal areas for installing desalination projects in the region

When applying our multi-criteria analysis and representing it on a GIS-based model, the results demonstrate that the northern zone of the Valparaíso Region near Papudo presents an optimal area to establish an industrial desalination plant; moreover, with appropriate conditions for a distribution land line inland through the cities of Cabildo and La Ligua (Figure 2). The identified most suitable area for installation of an industrial desalination project and freshwater distribution line considerate and avoid sites with risk of inundation, environmental and ecological value, and with prospects for generating social conflicts. Also, the coastal area of Puchuncaví appears appropriate for a desalination plant due to logistic features; however, its closeness to locations with high ecological value and population distribution, also in the path of a potential distribution line, diminishes it potential.




Figure 2 | GIS-based results of the multi-criteria analysis to identify the most optimal areas for desalination plants and their respective freshwater distribution lines for the Valparaiso Region northern area.



In addition, another suitable area for a desalination plant was observed in Concon, at the center of The Valparaiso Region (Figure 3). However, a minimum of 10 km north from the main urban and industrial pole located in the city, which is still in the suitable area, is suggested by the model in order to avoid social and environmental conflict. From the coastal area of Concon, there is also an appropriate zone for an inland distribution line, with a potential extension south-east towards the cities of Limache and Olmue, and also in direction north-east to through the cities of Quillota, La Cruz, La Calera and Hijuelas. With appropriate technological and logistical measures, a distribution line could be also guided to the main cities of Viña del Mar and Valparaíso.




Figure 3 | Results of the multi-criteria analysis to identify the most optimal areas for desalination plants and their respective freshwater distribution lines for the Valparaiso central area.



Finally, the Valparaiso Region’s southern zone has a suitable area located south of Santo Domingo locality, with a distribution line with multiple possibilities for a distribution line at least for 20 km inland (Figure 4). However, the surrounding towns are sparsely populated and there is an environmental protection area south of Santo Domingo that may constrain the distribution of freshwater south of the region in the long term.




Figure 4 | Results of the multi-criteria analysis to identify the most optimal areas for desalination plants and their respective freshwater distribution lines for the Valparaiso southern area.







4 Discussion

The high water demand and climate crisis scenario highlights the need for sustainable use of the desalination technology to complement traditional alternatives addressing water scarcity problems faced in Chile (Valdés-Pineda et al., 2014; Garreaud et al., 2019). The results of the multi-criteria analysis show that the Valparaíso Region presents different suitable areas in terms of economic and socio-environmental advantages for developing desalination projects and their distribution lines.

In the last decade, the development of desalination projects has increased significantly around the world, although this development has been linked to countries with high economic and/or financing potential; or with industries with high economic capacity which can sustain the higher costs of freshwater produced through desalination (Sola et al., 2021). Likewise, in the context of Chile, the mining industry has installed the majority of desalination capacity, representing more than 70% of total desalination capacity installed in the country (Sola et al., 2019a). However, our results demonstrate that certain areas in the context of the highly water scarcity-threatened Region of Valparaíso, are appropriate for the development of multipurpose desalination projects. The latter, with the capacity of significantly reducing economic costs, and decreasing the risks of socio-environmental conflicts; especially if considering the desalination industry as a viable solution for agricultural activities and human consumption (Zarzo et al., 2013). In addition, the Valparaíso Region is facing a significant freshwater shortage of 36.5 m3/s, considering the agricultural expansion associated of new large irrigation projects, mining expansion projects, and the increase of population and industrial activity. Specifically, a deficit of around 15 m3/s is expected for agricultural expansion, mainly attributed to the growing of fruit production such as avocado, citrus, vineyards or nuts, vegetables, cereals, among others (Ministerio de Obras Públicas, 2021, 2017b).

According the results obtained, both the northern and central areas of the Valparaíso Region have appropriate locations for installing SWRO projects that would ensure the short-term and long-term water availability for the region. Firstly, the coastal area of Concon has an appropriate area for installing a desalination project that could address the high-water demand of the large agricultural producers located around Limache, Quillota, La Calera, Hijuelas, La Cruz, Nogales; but also, it could be solved the water scarcity of the surrounding small villages. On the other hand, the coastal area of Papudo has also an appropriate area that could attend the severe water scarcity and high-water demand of the agricultural producers and freshwater consumption of La Ligua, Cabildo, Petorca and surrounding small villages. Specifically, these areas present at least a freshwater demand of more than 100,000 m3/day (>1200 l/s) for human consumption and agricultural production (e.g. avocado, citrus, grapes, among others), highlighting the strong necessity to complement traditional water sources considering desalination alternative (Ministerio de Obras Públicas, 2021, 2017b).

Therefore, it is recommended the development of SWRO plants that would range from 100,000 to 300,000 m3/day installed in the most suitable areas identified, aiming to mitigate the freshwater deficit of Valparaiso Region. In addition, our results are in accordance with the plan of Chilean Ministry of Public Works, which set out plans for two reverse osmosis plants of 1000 l/s in order to address the freshwater demand of Petorca and La Ligua. Their assessment indicated an estimated investment cost of around 75 - 80 million dollars, excluding freshwater transmission, for the construction for each plant, which would benefit agricultural and human consumers (Fragkou and Budds, 2020; Ministerio de Obras Públicas, 2017b).

However, in the case of southern area of the Region, our results suggest that the most appropriate strategy may be based on the adoption of smaller and even modular desalination plants with lower construction costs, and in accordance with the area’ s characteristic; in order to attend local freshwater demands of small and medium-sized agricultural producers and surrounding small villages (Zarzo et al., 2013).

In the context of Chile, the desalination as a strategy for securing water would attend the freshwater shortages, and in turn would allow: i) minimizing the overexploitation of groundwater exploited by industrial farmers, and therefore, reducing saline intrusion in coastal groundwater; ii) avoiding socio-environmental conflicts between industries and the population in the compulsory repurchases or expropriation of water rights; iii) minimizing the pressure on existing water management models, which entail high political, economic, and social costs; iv) the creation of employment and local economic development, which may involve local population participation during the construction and/or operation phase of the implemented desalination projects; as well as the socio-economic development of the agricultural sector (Zarzo et al., 2013; Fragkou and Budds, 2020).

Furthermore, it is important the integration of renewable energies such as solar photovoltaic and wind technologies which are currently used as energy suppliers for desalination projects in other countries, for reducing energy costs in the long-term and aiding sustainable desalination development in Chile. However, currently the investment cost of using renewable energies for desalination is still very high, which considerably increases the cost of desalinated water produced in the short-term. Thus, with the aim of reducing short-term investment costs, the government should support through subsidies the use of renewable energies for the development of sustainable desalination projects; thus reducing capital costs and the consumption of fossil fuels (Shahzad et al., 2017; Panagopoulos et al., 2019; Sola et al., 2021).

On the other hand, it is important to consider that this analysis has integrated protected areas and areas of high environmental value to be avoided in the location criteria of SWRO plants; however, to minimize the effects of brine discharges on marine ecosystems even in non-protected areas, it should be carried out a proper management of brine discharges (Fernández-Torquemada et al., 2019; Sola et al., 2020b). In this regard, it should include: the implementation of a rigorous environmental assessment process assessing the preventive measures necessary for minimizing potential environmental impacts; the adoption of scientifically tested measures to minimize the impacts of brine discharges, such as the use of several diffusers and/or pre-dilution of discharges with seawater or other water sources; and the implementation of a rigorous environmental monitoring plan that implement the appropriate requirements to ensure the sustainable operation of desalination plants with marine ecosystems (Sola et al., 2019b, 2019a).

In spite of the results obtained, further exploration in this research is necessary to complement our results with the: i) assessment of the short and long-term specific freshwater demand of each area identified by the results of the multicriteria model, allowing to the formulation of desalination plant proposals aligned with the specific characteristics of each zone; ii) the estimation of the construction (CAPEX) and operation (OPEX) economic costs for supplying freshwater to the final users; iii) the study of appropriate financing models according the specific characteristics of each desalination project proposal; iv) the evaluation of technical performance items (e.g. feed water salinity tolerance, product water quality and reliability and maintainability).

Finally, this study has allowed the development of GIS-based multi-criteria model for managing freshwater resources upon desalination as a complement. The Valparaiso Region in Chile resulted an efficient case study to test the model, considering that one of its main purposes is to set desalination as an alternative for human consumption and agriculture, especially in countries with low-medium economic capacity. Thus, the multi-criteria model has proven to be a reliable tool that can be extrapolated to assess the development of desalination projects in other regions of Chile and the world. The experience gained through this investigation is highlighted as worth applying for future desalination projects globally, as its implications in terms of cost-effectiveness and social perception may surely also facilitate multipurpose desalination applications at different production scales.




5 Conclusions

The application of the multi-criteria analysis as a scientific-technical tool has permitted the identification of the most optimal areas for developing desalination projects with economic and socio-environmental considerations. These desalination projects should ensure a long-term water supply and security for the Valparaíso Region, especially for the agricultural producers located around La Cruz, La Ligua, Cabildo, Limache or Quillota; but also, to address the severe water shortages that are facing some surrounding towns. Finally, the results obtained from this analysis can be integrated in global strategies for desalination projects installation, promoting effective investment, environmentally sustainability, and therefore more fluid pre-installation legal requirements processing.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Author contributions

IS: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Visualization, Writing – original draft, Writing – review & editing. DZ: Conceptualization, Resources, Writing – review & editing. JS: Conceptualization, Supervision, Writing – review & editing. CS: Conceptualization, Funding acquisition, Supervision, Validation, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This investigation was funded by European Union-Next Generation EU (MARSALAS21-30) granted to IS. CS was supported by a Marie Sk&lstrok;odowska-Curie Action (888415). IS and CS were supported by the project ANID InES I+D 2021 (INID210013). We appreciate financial support by the SACYR upon the agreement contained in the Decree 672/2023 of the University of Playa Ancha. SACYR was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.




Acknowledgments

We thank the committee experts’ participants for their contribution in this research as desalination experts.





Conflict of interest

Author DZ was employed by company Sacyr Water.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 AEDyR. (2018). Desalación en España en primera persona: de hitos pioneros, a referente internacional (in Spanish). Available online at: https://historiadesalacion.es.

 Al-Karaghouli, A., and Kazmerski, L. L. (2013). Energy consumption and water production cost of conventional and renewable-energy-powered desalination processes. Renew. Sustain. Energy Rev. 24, 343–356. doi: 10.1016/j.rser.2012.12.064

 Alvez, A., Aitken, D., Rivera, D., Vergara, M., McIntyre, N., and Concha, F. (2020). At the crossroads: can desalination be a suitable public policy solution to address water scarcity in Chile’s mining zones? J. Environ. Manage. 258, 110039. doi: 10.1016/j.jenvman.2019.110039

 Berenguel-Felices, F., Lara-Galera, A., and Muñoz-Medina, M. B. (2020). Requirements for the construction of new desalination plants into a framework of sustainability. Sustain. 12, 5124. doi: 10.3390/su12125124

 Ceberio, M., and Modave, F. (2006). Interval-Based Multicriteria Decision Making. Eds.  B. Bouchon-Meunier, G. Coletti, and R. R. Yager (Amsterdam: Elsevier Science), 281–294. doi: 10.1016/B978-044452075-3/50024-8

 DesalData. (2021). Global Water Intelligence, Desalination plants, Desaldata. Available online at: https://www.desaldata.com.

 DGA. (2022). Decretos declaración zona de escasez vigentes. Available online at: https://dga.mop.gob.cl/administracionrecursoshidricos/decretosZonasEscasez/Paginas/default.aspx (Accessed 4.14.22).

 Eke, J., Yusuf, A., Giwa, A., and Sodiq, A. (2020). The global status of desalination: An assessment of current desalination technologies, plants and capacity. Desalination 495, 114633. doi: 10.1016/j.desal.2020.114633

 Fernández-Torquemada, Y., Carratalá, A., and Sánchez Lizaso, J. L. (2019). Impact of brine on the marine environment and how it can be reduced. Desalin. Water Treat. 167, 27–37. doi: 10.5004/dwt.2019.24615

 Fragkou, M., and Budds, J. (2020). Desalination and the disarticulation of water resources: Stabilising the neoliberal model in Chile. Trans. Inst. Br. Geogr. 45, 448–463. doi: 10.1111/tran.12351

 Garreaud, R. D., Alvarez-Garreton, C., Barichivich, J., Pablo Boisier, J., Christie, D., Galleguillos, M., et al. (2017). The 2010–2015 megadrought in central Chile: Impacts on regional hydroclimate and vegetation. Hydrol. Earth Syst. Sci. 21, 6307–6327. doi: 10.5194/hess-21-6307-2017

 Garreaud, R. D., Boisier, J. P., Rondanelli, R., Montecinos, A., Sepúlveda, H. H., and Veloso-Aguila, D. (2019). The central Chile mega drought, (2010–2018): A climate dynamics perspective. Int. J. Climatol. 40, 421–439. doi: 10.1002/joc.6219

 Heck, N., Paytan, A., Potts, D. C., Haddad, B., and Lykkebo Petersen, K. (2018). Management preferences and attitudes regarding environmental impacts from seawater desalination: Insights from a small coastal community. Ocean Coast. Manage. 163, 22–29. doi: 10.1016/j.ocecoaman.2018.05.024

 Herrera-León, S., Cruz, C., Negrete, M., Chacana, J., Cisternas, L. A., and Kraslawski, A. (2022). Impact of seawater desalination and wastewater treatment on water stress levels and greenhouse gas emissions: The case of Chile. Sci. Total Environ. 818, 151853. doi: 10.1016/j.scitotenv.2021.151853

 Ibrahim, Y., Arafat, H. A., Mezher, T., and AlMarzooqi, F. (2018). An integrated framework for sustainability assessment of seawater desalination. Desalination 447, 1–17. doi: 10.1016/j.desal.2018.08.019

 Mezher, T., Fath, H., Abbas, Z., and Khaled, A. (2011). Techno-economic assessment and environmental impacts of desalination technologies. Desalination 266, 263–273. doi: 10.1016/j.desal.2010.08.035

 Ministerio de Obras Públicas. (2017a). Estimación de la demanda actual, proyecciones futuras y caracterización de la calidad de los recursos hídricos en Chile. Ministerio de Obras Públicas, Gobierno de Chile.

 Ministerio de Obras Públicas. (2017b). Plantas Desalinizadoras. Provincia de Petorca, Región de Valparaíso. Provincias de Limarí y Choapa, Región de Coquimbo. Ministerio de Obras Públicas, Gobierno de Chile.

 Ministerio de Obras Públicas. (2021). Plan Regional de Infraestructura y Gestión del Recurso Hídrico al 2021. Ministerio de Obras Públicas, Gobierno de Chile.

 Missimer, T. M., and Maliva, R. G. (2018). Environmental issues in seawater reverse osmosis desalination: Intakes and outfalls. Desalination 434, 198–215. doi: 10.1016/j.desal.2017.07.012

 Muñoz, P. T., Rodríguez-Rojas, F., Celis-Plá, P. S. M., López-Marras, A., Blanco-Murillo, F., Sola, I., et al. (2023). Desalination effects on macroalgae (part b): Transplantation experiments at brine-impacted sites with Dictyota spp. Pacific Ocean Mediterr. Sea. Front. Mar. Sci. 10. doi: 10.3389/fmars.2023.1042799

 Panagopoulos, A., Haralambous, K.-J., and Loizidou, M. (2019). Desalination brine disposal methods and treatment technologies - A review. Sci. Total Environ. 693, 133545. doi: 10.1016/j.scitotenv.2019.07.351

 Petersen, K. L., Frank, H., Paytan, A., and Bar-Zeev, E. (2018). Impacts of seawater desalination on coastal environments, in: sustainable desalination handbook (Elsevier), 437–463. doi: 10.1016/B978–0-12–809240–8.00011–3

 Pulido-Bosch, A., Vallejos, A., and Sola, F. (2019). Methods to supply seawater to desalination plants along the Spanish mediterranean coast and their associated issues. Environ. Earth Sci. 78, 1–9. doi: 10.1007/s12665-019-8298-9

 Shahzad, M. W., Burhan, M., Ang, L., and Ng, K. C. (2017). Energy-water-environment nexus underpinning future desalination sustainability. Desalination 413, 52–64. doi: 10.1016/j.desal.2017.03.009

 Sharifinia, M., Afshari Bahmanbeigloo, Z., Smith, W. O., Yap, C. K., and Keshavarzifard, M. (2019). Prevention is better than cure: Persian Gulf biodiversity vulnerability to the impacts of desalination plants. Glob. Change Biol. 25, 4022–4033. doi: 10.1111/gcb.14808

 Sola, I., Fernández-Torquemada, Y., Forcada, A., Valle, C., del Pilar-Ruso, Y., González-Correa, J. M., et al. (2020a). Sustainable desalination: Long-term monitoring of brine discharge in the marine environment. Mar. pollut. Bull. 161, 111813. doi: 10.1016/j.marpolbul.2020.111813

 Sola, I., Sáez, C. A., and Sánchez-Lizaso, J. L. (2021). Evaluating environmental and socio-economic requirements for improving desalination development. J. Clean. Prod. 324, 129296. doi: 10.1016/j.jclepro.2021.129296

 Sola, I., Sánchez-Lizaso, J. L., Muñoz, P. T., García-Bartolomei, E., Sáez, C. A., and Zarzo, D. (2019a). Assessment of the requirements within the environmental monitoring plans used to evaluate the environmental impacts of desalination plants in Chile. Water (Switzerland) 11, 1–17. doi: 10.3390/w11102085

 Sola, I., Zarzo, D., Carratalá, A., Fernández-Torquemada, Y., De-la-Ossa-Carretero, J. A., Del-Pilar-Ruso, Y., et al. (2020b). Review of the management of brine discharges in Spain. Ocean Coast. Manage. 196, 105301. doi: 10.1016/j.ocecoaman.2020.105301

 Sola, I., Zarzo, D., and Sánchez-lizaso, J. L. (2019b). Evaluating environmental requirements for the management of brine discharges in Spain. Desalination 471, 114132. doi: 10.1016/j.desal.2019.114132

 Taherdoost, H. (2023). Multi-criteria decision making (MCDM) methods and concepts. Encyclopedia 3, 77–87. doi: 10.3390/encyclopedia3010006

 Valdés-Pineda, R., Pizarro, R., García-Chevesich, P., Valdés, J. B., Olivares, C., Vera, M., et al. (2014). Water governance in Chile: Availability, management and climate change. J. Hydrol. 519, 2538–2567. doi: 10.1016/j.jhydrol.2014.04.016

 Zarzo, D., Campos, E., and Terrero, P. (2013). Spanish experience in desalination for agriculture. Desalin. Water Treat. 51, 53–66. doi: 10.1080/19443994.2012.708155




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Sola, Zarzo, Sánchez-Lizaso and Sáez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fmars.2024.1358308_cover.jpg
& frontiers | Frontiers in Marine Science

Multi-criteria analysis for sustainable and
cost-effective development of desalination
plants in Chile





OEBPS/Images/fmars-11-1358308-g003.jpg
6360000N -

6345000N -

6330000N - / ' Zoning criteria

4 [ valparaiso Region
O Municipalities
Excluding criteria
{"] Environment areas
I Tsunami areas
© Urban-industrial lands
Optimal areas

[F Water distribution lines
I Desalination plants

6315000N -

255000E 270000E 285000E 300000E 315000E





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Multi-criteria analysis for sustainable and cost-effective development of desalination plants in Chile

      

        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study area

          



          		

            2.2 Requirements factors for multi-criteria analysis for desalination

          



        



        



        		

          3 Results

        

          		

            3.1 Weighting coefficient of criteria evaluated

          



          		

            3.2 Optimal areas for installing desalination projects in the region

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Score Semi-quantitative scale for criteria evaluation

1 Represents a very low relevant criteria

2 Represents a slightly relevant criteria

3 Represents a more relevant criteria

4 Represents a strongly relevant criteria

5 Represents an extremely relevant criteria






OEBPS/Images/fmars-11-1358308-g004.jpg
6300000N -

6285000N 1

6270000N - - —
Zoning criteria

[] Valparaiso Region
O Municipalities

Excluding criteria
Environment areas
B Tsunami areas
 Urban-industrial lands
Optimal areas

I Water distribution lines
Il Desalination plants

6255000N 1

225000E 240000E 255000E 270000E 285000E 300000E





OEBPS/Images/table3.jpg
Weighting

Criteria evaluated coefficient
(1-5)
Proximity of SWROs to the coastline (C) 5
Elevation (E) 5
Proximity to freshwater demands for agriculture (A) 5

Proximity to freshwater demands for human

3
consumption (H)
Proximity of SWROs to the road infrastructure (R) 1
Proximity of SWROs to social conflict areas (S) 3

The values presented indicate the median of the surveys obtained.





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Marine Science





OEBPS/Images/fmars-11-1358308-g002.jpg
6435000N

6420000N

6405000N

Zoning criteria

[ valparaiso Region
7, O Municipalities
/ Excluding criteria
77 Environment areas
I Tsunami areas
og: 7 ~ Urban-industrial lands
6375000N g 2 / ¥ C > OF | Optimal areas r
{ 1 . ) { q I water distribution lines
Il Desalination plants

330000E 345000E

6390000N

77

270000E 285000E 300000E 315000E





OEBPS/Images/fmars-11-1358308-g001.jpg
6450000 | - 8000000 | -+ + N F
A
6400000 | | 7000000 |+ 4 + +
P
6350000 6000000 -+ + ++
6300000 - - == |} 5000000+ } | | -
62500007 + o 20 40 0km - 42000007 0 ! 500 1 1000 klm I
[ — ] ——
250000 300000 350000 200000 500000 500000 1000000 1500000





OEBPS/Images/M1.jpg
Mol - criteiaanalysis

S Q) 4 (Bt Q)+ A+ Q)+ (44 Q)+ (Ri+ Q) +(5:+ Q)
S GIETATHIR+S)






OEBPS/Images/table1.jpg
Criteria evaluated

Proximity of SWROs to the coastline (C) 0 -0.5km
Elevation (E) 0-0.1km
Proximity to freshwater demands for agriculture (A) 0-5km
Proximity to freshwater demands for human consumption (H) 0-5km
Proximity of SWROs to the road infrastructure (R) 0 -0.5km

Proximity of SWROs to social conflict areas (S) > 0.6 km

0.5 - 1km

0.1 - 0.2 km

5-10 km

5-10 km

0.5-1km

0.6 - 0.45 km

1-2km

02 - 04 km

10 - 20 km

10 - 20 km

1-2km

045 - 0.3 km

2-4km

04 - 0.8 km

20 - 50 km

20 - 50 km

2 -4km

0.3 - 0.15 km

>4km

> 0.8 km

> 50 km

> 50 km

>4 km

0 -0.15 km





