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Abstract: Desalination for sustaining agricultural production is conceived as an alternative water 

source in some Mediterranean countries faced with climatological and hydrological constraints. 

Although high costs are often cited as limiting factors, how farmers discern desalinated water has 

not been discussed in-depth in the literature. This paper aims to deepen how desalination is 

perceived by irrigators, what driving factors are affecting irrigation communities’ decision-making 

processes, and what learnings can be drawn from their experiences regarding desalination 

acceptance or rejection. Eleven irrigation communities have been selected from Alicante and Murcia 

regions (South-East Spain), which account for more than 60,000 irrigators and 120,000 ha. 

Questionnaires were conducted between March and December 2019. Results highlighted the main 

advantages (water availability and supply security) and disadvantages (high price affecting 

profitable crop options, high-energy consumption, water quality standards, the production capacity 

of desalination plants, no seasonal variation in water production, and shortages due to technical 

problems) of using desalinated water. Additionally, through the analysis of regional and national 

press news, it can be concluded that socio-political aspects, such as corruption, cost overruns, and 

political disputes are also considered. 

Keywords: water scarcity; desalination; irrigation communities; perception; driving factors; 

adaptation; water–energy–food nexus; Alicante; Murcia; South-East Spain 

 

1. Introduction 

The widely heard warning that ‘the next war will be a water war’ reveals that the issue of water 

conflict is expected to be one of the major threats to human life [1]. Water stress, which refers to the 

pressure on the quantity and quality of renewable water resources, is recognized as one of the most 

urgent environmental challenges facing humanity. As of 2018, average water stress worldwide is 

13%, as reported by the Food and Agriculture Organization of the United Nations. According to 

predictions, by 2070, 20% of existing water will be diminished and the surface area under conditions 

of water stress will increase from 19% to 35% due to climate change [2]. About 60% of the global 
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population currently lives in conditions of severe water scarcity for at least one month per year [3], 

and over one-third of the world’s population lives in water-stressed countries, while by 2025, this 

figure is predicted to rise to nearly two-thirds [4,5]. Agriculture is the sector most affected by water 

scarcity, as it accounts for 70% of global freshwater withdrawals [6]. In fact, agriculture is both cause 

and consequence of water scarcity, as the excessive use and degradation of water resources are 

threatening the sustainability of livelihoods dependent on water-agriculture nexus. Irrigation 

systems are under pressure to produce more food with lower supplies of water [7]. Irrigated 

agriculture covers only 20% of total arable land; however, it consumes more than two-thirds of the 

total available freshwater, and the demand for good quality, non-saline water is increasing [8,9]. 

Water-scarce countries and communities need a radical re-think of water resource planning and 

management that includes the creative exploitation of a growing set of viable but unconventional 

water resources for sector water uses, livelihoods, ecosystems, climate change adaptation, and 

sustainable development [10]. The mismatch between water availability and demand in different 

temporal and geographical scales calls for new approaches [11]. The world’s oceans contain over 

97.5% of the planet’s water resources and it has two unique features as a water source—it is drought-

proof and is practically limitless. However, the high salinity of seawater and the significant costs 

associated with seawater desalination means most of the world’s water supply has traditionally come 

from freshwater sources: groundwater aquifers, rivers, and lakes. Moreover, changing climate 

patterns combined with population growth pressures, and limited availability of new and 

inexpensive freshwater supplies, are shifting the water industry’s attention: the world is looking to 

the ocean for ‘freshwater’ because conventional water sources are no longer sufficient to meet human 

demands in some water-scarce regions. Accordingly, desalination has been considered as an essential 

way to solve the global water crisis, able to deal with the problem of water resource shortage and to 

providing a reliable source of water even during extended drought conditions [12]. That is, 

desalination can extend a steady supply beyond what is available from the hydrological cycle, 

providing an ‘unlimited’, climate-independent and high-quality water supply [13]. 

The first large-scale desalination plants were built in the 1960s, and as reported by the 

International Desalination Association, there are now some 20,000 facilities globally that turn 

seawater into freshwater, and more than 300 million people currently getting their water from 

desalination plants. The Mediterranean region is one of the most vulnerable areas to climate change 

and droughts and water shortages are expected to continue [14,15]. Water supply from surface and 

groundwater sources has become increasingly unreliable in many coastal areas due to increased 

demand, saltwater intrusion into aquifers, and changing weather patterns. Spain built Europe’s first 

desalination plant nearly 60 years ago (first plant installed on the island of Lanzarote in the Canary 

Islands in 1964) and is the largest user of desalination technology in the Western world (most often 

consisting of the majority of Europe, Australasia, and most of the Americas). Given the increasing 

controversy over surface water transfers, the government launched a program in 2004 (Programa 

AGUA) that aimed to increase water supply via desalination, wastewater reuse and irrigation 

efficiency, as the new panacea for Spain endemic and recurrent water crisis that until then had been 

addressed through water transfers between regions. The program outlined plans for the construction 

of 21 desalination plants along the Spanish Mediterranean coast, with a combined production 

capacity of 1063 million cubic meters (MCM)/year (approximately, the amount of water expected to 

be transferred from the Ebro river). From a hydraulic solution to another also hydraulic measure. The 

country has around 900 desalination plants, including the plant with the largest production capacity 

in Europe (Torrevieja with 80 MCM/year), and 8 out of 20 top world companies related to the 

construction of desalination plants [16]. The result: the widespread use of desalination in Spain is 

5.7% of the global production and accounts for over half of the total desalination in Western Europe 

(9.2%), composed by the members of the Treaty of Brussels [17]. The amount of desalinated seawater 

has been increasing in Spain, especially in the eastern coastal regions, where the temporal irregularity 

in river flows and the excessive exploitation and pollution of underground waters (by agricultural 

activities and seawater intrusion) calls for alternative water sources to meet the water demands of 

the tourist populations and the irrigated agriculture [18]. In the regions of Murcia and Valencia, 17 
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large desalination plants have been built with a capacity of 442 MCM/year. In these regions, 

characterized by intermittent water scarcity seasons and frequent drought periods, agricultural 

production often cause the depletion of the existing water resources [19]. 

Different key barriers limit the promotion of desalination: (1) its management is more complex 

than the management of conventional resources; (2) its cost is more expensive than the cost of 

conventional resources; (3) it is perceived as being riskier than beneficial; and (4) its use is conditioned 

by regulation [20]. Research has particularly considered the technological aspects of desalination, 

with the vast number of publications addressing novel (‘emerging’) techniques that can produce 

desalinated water at lower economic costs and with less negative environmental implications [21]. In 

some cases, reductions in the economic cost of desalination associated with technological advances, 

coupled with rising costs and the diminishing supply and security of ‘conventional’ water resources, 

have made desalination a cost-competitive and attractive water resources management option 

around the globe [22]. However, the perception of the irrigators, due to their ergonomic 

characteristics and their quality/price profitability, is of vital importance and can be an obstacle to 

further developing desalinated seawater projects according to risk evaluation [23,24]. This fits well 

with an ongoing global debate around desalination as a water technology that affects nature–society 

relations, with emphasis on assessing technology, costs and design issues in parallel with farmers’ 

opposition and public rejection as issues with the potential to affect desalination projects before, 

during, or after their execution [25]. Accordingly, successful implementation of a desalination project 

depends not only on its economic and environmental feasibility, but also mainly on the support of 

farmers and the general public, who, ultimately, pays for, and might be affected by, the associated 

risks [26]. In the last two decades, a significant body of knowledge has been accumulated identifying 

driving factors able to influence the acceptance or rejection of desalinated water [27]. For 

policymakers and managers attempting to pursue new desalination schemes, attention has been put 

on consumers’ perception but there is little literature available on farmers’ reactions to guide their 

policy, regulation, and investment decisions [28]. That is, although high (energy) costs, lack of 

essential ions for crop growth, and brine disposal are often cited as limiting factors to promote 

desalination, farmers’ perspective regarding how to overcome such limitations is poorly studied on 

the literature [29]. Issues such as perceived health risks, environmental concerns, advances in science 

and technology, previous experience in using alternative water sources, water scarcity scenarios, 

perceived benefits, institutional trust, and corruption should be addressed [30]. 

The degree of adaptation and adjustment to the water variability will undoubtedly depend on 

farmers’ adaptation capacity, which is based on the economic and technological development, and 

individuals’ perception, attitudes, and yuck factor. In other words, how farmers perceive the risks 

and the process of dealing with water scarcity and how they perceive desalination as the potential 

solution to address this gap will determine and influence the success or failure of any decision and 

initiative taken by managers and politicians. The aim of this paper is to expand the understanding 

on how irrigation communities from South-East Spain perceive the pros and cons of using 

desalinated seawater. The results have two main practical implications: (1) by learning on which 

scenarios and under what terms desalination is conceived as a strategic mechanism to reduce water 

scarcity, and (2) by offering guidance about interventions that are likely to increase irrigators’ 

acceptance. 

2. Materials and Methods 

2.1. Questionnaire Design 

A questionnaire of 35 questions (combining multiple choices, open-ended and closed-ended 

questions) has been designed to deepen on irrigation communities’ perception of desalinated 

seawater (Appendix). The structure of the questionnaire was divided up into four different blocks 

according to the following topics. The first block contained ten questions about the profile of the 

irrigation community: year of registration, the number of irrigators, irrigated and irrigable surface 

and location, main crops, and irrigation method. The second block asked about water concession and 



Water 2020, 12, 2408 4 of 33 

 

desalinated seawater use in eight questions: water sources and volumes, water scarcity strategies, 

connection to the desalination plant, water concession and cost, and reasons for using desalinated 

water. The third block, based on eight questions, was about impacts and benefits when using 

desalinated seawater: electrical conductivity standards and assessments, identification of problems 

(boron) and measures of control, the priority of use according to different water sources, and main 

benefits and risks of using desalinated water. The last block contained nine questions about future 

scenarios motivating the use of desalinated seawater: reasons to increase the use of desalinated water, 

the maximum cost of desalinated water, environmental impacts clearly detected, measures to 

increase irrigators’ acceptance of desalination, and climate change adaptation. The first version of the 

questionnaire was reviewed by a group of experts in seawater desalination from both irrigation 

communities and the Central Union of Tagus-Segura transfer Irrigators (hereinafter, SCRATS) in 

order to state the relevance and completeness of all questions. Experts provided suggestions and 

corrections, and, once considered, the questionnaire was tested in the study area. 

2.2. Survey Methodology and Data Analysis 

Questionnaires were conducted between March and December 2019. The questionnaires, in 

Spanish, were sent to each irrigation community secretary before the meeting took place, so that they 

could prepare some requested data. A face-to-face meeting was fixed with each irrigation community 

in its office. The president, secretary or technician of each irrigation community completed the 

questionnaire. Many of them commented that it was the first time that a direct interview on 

desalination was done from the academic field. Each meeting in person lasted between 60 and 90 

min. During the meeting, the questionnaire was completed, and complementary data and 

information were obtained to further explore some specific open-ended questions. The interviews 

were audio-recorded. Two weeks after each meeting, the questionnaire was forwarded to each 

irrigation community secretary in order to be reviewed. Descriptive statistics and discursive analysis 

from the content of the questionnaires and qualitative information obtained during the interviews 

were used in data analysis. 

2.3. Newspaper Literature Review 

In order to check the answers obtained from the questionnaires and provide insights into local 

desalination for irrigation discourse, a regional and national literature review process focused on 

newspaper articles have been conducted. According to Lawhon and Makina [31], newspapers 

represent an important and under-examined proxy, which can contribute to our analysis of what 

issues are locally deemed important, how they are talked about, and how local framings relate to 

global environmental discourses as well as the topics and frames typically used and examined in 

scholarly research. Furthermore, newspapers create hybrid geographies reflecting both real space 

and non-spatial characteristics based on unique place interpretations that can influence the way that 

local people enact and perceive desalination and support or reject initiatives to reduce risks 

associated with water (scarcity, drought, contamination, allocation, etc.) [32]. Therefore, five 

newspapers have been consulted: La Verdad (Murcia, Spain), La Opinion (Murcia, Spain), and Diario 

Información (Alicante, Spain) from the regional press, and El País and El Mundo from the national 

press. The information from these newspaper archives is available digitally through, in part, 

restricted access. Fortunately, due to the emergency because of Covid-19, some newspapers have 

opened access to their publications and when this has not been the case (La Verdad) we have taken 

advantage of academic licenses and free months subscription. The combination of regional and 

national background is informed by our desire to compare specific and place-based knowledge with 

global and discursive representations of desalination challenges. Special issues of these newspapers 

were taken into consideration, especially those dedicated to the World Water Day. A five-year time 

period is used (1 January 2015–30 June 2020), which corresponds with a period of considerable 

discussion about the future of the Tagus-Segura transfer (hereinafter, TST) in the region, and 

associated attention on water by the politicians, managers, and citizens. Two keywords have been 

used simultaneously: “irrigation” and “desalination”. Among the three newspapers from the 
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regional press, more than 2000 results have been collected, which have had to be refined to avoid 

duplication of similar news and eliminate those that, containing the keywords used, referred to 

technical issues not relevant to this investigation. The results obtained from the national press do not 

reach 500 news. Opinion pieces and letters to the editor have been excluded from the analysis. 

3. Study Area 

The irrigation communities surveyed in this study are located in South-East Spain, mainly 

located in the Region of Murcia, as well as the Alicante and Almería provinces, and included within 

the Segura River Basin District. This area is characterized by a semiarid Mediterranean climate and 

water scarcity, as a result of the high water demand exerted by agricultural activities. During the 

second half of the 20th century, in order to meet the strong increase in the demand for water resources 

for agricultural and urban-tourist uses, a policy framework based on surface and groundwater 

exploitation has been promoted, including water transfers such as the TST, which began to operate 

in 1979 to transfer resources from the head of the Tagus River to that of the Mundo River, in the 

Segura basin, through a 286 km channel and 33 m3/s. Selected irrigation communities are integrated 

in the SCRATS, since most of them were formed after the opening of the TST. This infrastructure is 

of enormous importance, since in total it represents more than 30% of the water resources available 

in the Segura river basin. The volumes to be transferred in a first phase were set at a maximum of 600 

MCM/year, and in a second phase at 1000 MCM/year. However, not all the water from the TST 

reaches the Segura River Basin District. The distribution is made proportionally according to the 

maximum transferable volume: 335 out of 400 MCM/year for irrigation are destined for the Segura 

hydrographic basin [33]. However, since it came into operation, the average flow rate has not 

exceeded 320 MCM to be distributed among different water uses. In addition, in 2014 the operating 

rules of the TST were modified, raising the threshold of minimum reserves stored in head reservoirs 

from 240 to 400 MCM/year to be able to transfer, which has further reduced water shipments, with 

long periods of closure of the transfer. In order to address this situation, the AGUA Program (2004) 

was enacted to promote desalination. The Hydrological Plan of the Segura River Basin District fixed 

a maximum potential desalination capacity of 332 MCM/year in 2015, while 2033 scenario fix a 

maximum potential capacity of 339 MCM/year. However, actual production capacity is not expected 

to reach this horizon, since the high rate of the desalinated resource exceeds the payment capacity of 

a large part of the agricultural users (around 60% of the production of desalinated water goes to 

agricultural uses). 

The sum of all the water resources available at Segura River Basin District reports that 1280 

MCM/year are available for consumptive and non-consumptive use. However, the total estimated 

demands in 2015 was 1878 MCM/year, highlighting a water deficit of almost 600 MCM/year. 

Furthermore, by subtracting the average figures transferred by the TST, the deficit could exceed 900 

MCM/year. 

3.1. Desalination for Irrigation Uses 

In our study area, the reverse osmosis is the seawater desalination process in all the plants 

analyzed. However, there are four types of desalination plants according to their owners, which have 

supplied desalinated water to the irrigated communities surveyed, permanently or temporarily. 

Firstly, there are up to four desalination plants operating owned by the Sociedad Estatal de las 

Cuencas Mediterráneas (hereinafter, ACUAMED), a Spanish public company dependent on the 

Spanish Ministry for the Ecological Transition and the Demographic Challenge. These plants are 

Carboneras, which opened in 2005 with a maximum production capacity of 44 MCM/year and 120 

thousand cubic meters (TCM)/day; Valdelentisco, which started operating in 2008, with a current 

production capacity of 48 MCM/year and 128 TCM/day; Águilas-Guadalentín, whose construction 

was complete in 2011, and have a desalination production capacity of 70 MCM/year and 200 

TCM/day; and Torrevieja—that was the last one to go into operation, with a desalination capacity of 

80 hm3/year and 240 TCM/day, and is connected with the reservoir of La Pedrera, with a storage 

capacity of 246 MCM, which in turn is part of the Tagus-Segura post-transfer hydraulic infrastructure. 
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Secondly, there is the desalination plant of Alicante I, owned by the Mancomunidad de Canales 

del Taibilla (MCT), the entity in charge of the urban raw water supply of 80 municipalities mainly in 

the Region of Murcia and the province of Alicante, operating since 2003 with a production capacity 

of 24 MCM/year and 65 TCM/day. Thirdly, there are two desalination plants owned by the irrigation 

communities of Mazarrón (Virgen del Milagro), with a production capacity of 12 MCM/year, and 

Águilas (Miguel García), with 8 MCM/year. After a period characterized by water scarcity in the mid-

1990s, many farmers and irrigation communities opted to install little desalination plants, mainly in 

Alicante, Murcia, and Almeria provinces [34]. The National Government (40%), Regional 

Government (20%), and the irrigation community (40%) financed these desalination plants. Lastly, 

the Murcia regional government installed the Escombreras desalination plant in 2009, which has a 

production capacity of 22.8 MCM/year. 

3.2. Recent Development of Desalinated Water Production 

The modification of the TST regulation in 2014 and 2015 (by the Royal Decree 773/2014 and the 

fifth additional provision of Law 21/2015) have intensified the restrictions in water transfers, which 

have even closed the delivery of water during several months a cause of the drought experienced 

between 2015 and 2018 in the headwaters of the Tagus and Segura river basins. This situation has 

motivated the approval of emergency measures by the Segura River Basin Authority in May 2015 

(Royal Decree 356/2015, extended to September 2019) in the so-called Drought-Decree. This Decree 

has enabled temporal authorizations for the use of desalinated water in the Segura River Basin to the 

SCRATS of 39 MCM/year until the end of 2018, and 79 MCM/year in 2019 from the Torrevieja and 

Valdelentisco plants, whose price was subsidized after the approval of the Order AAA/2965/2015 in 

November 2015 by the Spanish National Government. This subsidy established a fixed price of 0.30 

€/m3 for the desalinated water coming from the Torrevieja desalination plant, as well as a 0.10 €/m3 

reduction for the desalinated water produced in the Valdelentisco plant. Likewise, the Drought 

Decree has allowed extending the desalination distribution network, especially for the Águilas-

Guadalentín and Valdelentisco plants. The guiding principle of these actions was to apply a shock 

plan to optimize the development of the desalination in the Segura River Basin (expressed in Spanish 

as ”Por un Mediterráneo sin sed”). 

In order to solve the lack of infrastructure and regulation capacity, as well as the limitations of 

the distribution network, the SCRATS manages a system of water concession swap between irrigation 

communities that have allowed the exchange of conventional water concessions for desalinated water 

ones among coastal and inland irrigators. In this way, the irrigation communities of Alhama de 

Murcia, Librilla, Lorca, El Saltador, and Pulpí receive additional conventional water sources 

conceded to another one, such as Campo de Cartagena or even the MCT, which transfer their water 

rights in exchange of desalinated water produced in the Torrevieja desalination plant. However, the 

irrigation communities that receive conventional water sources through this swap system have to 

pay this water as if it were desalinated, in order to transferors do not suffer additional expenses. All 

these measures, activated following the enactment of the Drought Decree, has enabled the expansion 

of the production of desalinated water for irrigation uses, especially in the desalination plants owned 

by ACUAMED (Figure 1). 



Water 2020, 12, 2408 7 of 33 

 

 

Figure 1. Desalination production for irrigation uses in Sociedad Estatal de las Cuencas Mediterráneas 

(ACUAMED) plants (2009–2019). 

4. Results 

4.1. Irrigation Communities Characterization 

The 11 irrigation communities surveyed account for almost 60,000 irrigators and more than 

120,000 hectares (ha), which represents more than 80% of the TST irrigated land (Table 1). Regarding 

its irrigated surface they can be grouped in small irrigation communities (El Saltador, Mazarrón, 

Librilla, and Puerto Lumbreras), with less than 5000 ha; medium irrigation communities between 

5000 and 7000 ha (Águilas, Alhama de Murcia, Pulpí, and Totana); and large irrigation communities 

with more than 20,000 ha (Campo de Cartagena, Lorca, and Riegos de Levante). Taking into account 

the average farm size, or the ratio between irrigated area and number of irrigators, it could be stated 

that the irrigation communities where the largest farms and large agro-export companies are located 

are Águilas, Campo de Cartagena, Mazarrón, Puerto Lumbreras and Pulpí, which presents a higher 

presence of drip irrigation. In relation to the main crops, although there are differences in the 

diversity and importance of each crop, there is a general specialization in horticultural products 

(lettuce, tomato, broccoli, artichoke, or celery), as well as citrus, table grapes, melons, and 

watermelons. 
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Table 1. Irrigation community’s description. 

Irrigation 

Community 

Irrigated 

Surface 

(ha) 

Irrigators 

Average 

Farm Size 

(ha) 

Drip 

Irrigation 

Surface (%) 

Concessions and 

Temporal Authorizations 

of D.W. 

Connections with 

Desalination Plants 

Águilas ≈5000 1620 3 100 

21.5 MCM (16.5 from 

A.G. and 5 MCM from 

M.G.) 

Águilas-Guadalentín 

and Miguel García 

Alhama de 

Murcia 
5096 2318 2.2 80 

1.1 MCM from A.G. 1and 

2.2 MCM of temporal 

authorization from V. and 

T. by swap 

Valdelentisco 

Campo de 

Cartagena 
38,319 9678 3.9 96 

28 MCM of temporal 

authorization from T. and 

E. 

Torrevieja and 

Escombreras 

El Saltador ≈2300 1000 2.3 98 

2 MCM of temporal 

authorization from T. by 

swap and a not specified 

volume from C. 

Carboneras and Bajo 

Almanzora 

Librilla 2025 1916 1 40 

2 MCM of temporal 

authorization from T. by 

swap. 

None 

Lorca 23,905 12,500 1.9 80 

23 MCM from A.G. and a 

not specified volume 

from T. by swap. 

Águilas-Guadalentín 

Mazarrón 3595 1150 3.1 100 14 MCM from V.M. 
Virgen del Milagro 

and Valdelentisco 

Puerto 

Lumbreras 
≈3000 880 3.4 90 6 MCM from A.G. Águilas-Guadalentín 

Pulpí ≈7000 1239 5.6 70 6.5 MCM from A.G. 
Águilas-Guadalentín 

and Bajo Almanzora. 

Riegos de 

Levante 
≈24,000 22,000 1 45 

Punctual and temporal 

authorizations from 

Alicante I and temporal 

authorizations from T. 

transferred to SCRATS 

Torrevieja and 

Alicante I 

Totana 6979 4216 1.6 80 2.78 MCM from A.G. Águilas-Guadalentín 

Note: A.G.: Águilas-Guadalentín; B.A.: Bajo Almanzora; C.: Carboneras; M.G.: Miguel García; T.: 

Torrevieja; V.: Valdelentisco; V.M.: Virgen del Milagro; MCM: million cubic meters. 1 Cannot be 

received due to lack of distribution network. 

4.1.1. Administrative Situation, Management System, and Technical Limitations 

It should be borne in mind the administrative situation regarding water concessions and 

desalination water rights, as well as the different management models that irrigation communities 

have according to desalinated water use. In this regard, they have been grouped according to these 

characteristics (Figure 2). In relation to water allocation, four out of eleven irrigation communities 

have only temporal authorizations for the use of desalinated water (Alhama de Murcia, Campo de 

Cartagena, Librilla and Riegos de Levante). These are mainly the irrigation communities that have 

no connection with the Águilas-Guadalentín desalination plant or the small desalination plants 

owned by the irrigation communities, which have already allocated all their production through 

water concessions. 
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Figure 2. Study area location and group of irrigation communities according to their use of 

desalinated water. Irrigation communities: 1. Águilas; 2. Alhama de Murcia; 3. Campo de Cartagena; 

4. El Saltador; 5. Librilla; 6. Lorca; 7. Mazarrón; 8. Puerto Lumbreras; 9. Pulpí; 10. Riegos de Levante; 

11. Totana. 

Furthermore, it also needs to differentiate which irrigation communities use desalinated water 

directly from that which have established agreements, managed through the SCRATS, for a swap 

system that enables the exchange of water allocations with littoral irrigation communities, and the 

regional urban water supplier, the MCT, which transfer their conventional water sources rights for 

desalinated water produced in the Torrevieja desalination plant. Among irrigators who are involved 

in this swap system it can be distinguished three different realities: (1) those who do not use 

desalinated water at all due to lack of connections with no desalination plant (Librilla) or because 

swap all their temporal authorization for desalinated water use in exchange of conventional sources 

(Riegos de Levante); (2) those who receive water from conventional sources through the swap system 

and also use desalinated water through temporal authorization (Alhama de Murcia) or desalinated 

water concessions (Lorca, Pulpí and El Saltador), and (3) those who swap their conventional water 

concession in exchange of desalinated water produced in the Torrevieja plant (Campo de Cartagena). 

Likewise, among the irrigation communities which have approved desalinated water concessions, 

we can differentiate between those who owned a little desalination plant and also use desalinated 

water from an ACUAMED plant (Águilas and Mazarrón) and those who only use water from the 

ACUAMED desalination plants (Puerto Lumbreras and Totana). 

In addition to this, it is necessary to take into account the time that the irrigation communities 

have been using desalinated water, which can influence the perception of this supply source. In this 

regard, three groups can be distinguished. First, the irrigation communities with their own 

desalination plant (Mazarrón and Águilas), which have been using desalinated water since the mid-

1990s and early 2000s, respectively. Secondly, those irrigation communities that begin to use the 

desalinated water from the Águilas-Guadalentín plant before 2015 (Lorca and Pulpí). Thirdly, the 

other irrigation communities began to use desalinated water between 2015 and 2016 after the 

approval of the Drought Decree. 
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It must be also considered that some irrigation communities cannot receive their entire 

desalination water concession due to technical limitations, such as the case of Alhama de Murcia, El 

Saltador, and Pulpí. In the first case, in spite of having a concession of 1.1 MCM could not receive it 

at the end of 2019 because it was not yet connected to the distribution network of the Águilas-

Guadalentín plant. The remaining two irrigation communities have been affected by the suspension 

of the production in the Bajo Almanzora plant, which stopped working since 2012 after being affected 

by a flood episode that disabled the infrastructure and paralyzed the concession procedures. 

4.1.2. Percentage of Desalinated Water with Respect to the Total Available Resources 

At the end of 2019, the situation of the proportion of desalinated water in relation to the water 

available at the delivery points of each irrigation community was remarkable in some irrigation 

communities (Figure 3). On the one hand, in the irrigation communities with its own desalination 

plant, those of Águilas and Mazarrón, desalinated water represents more than 90% of total available 

water. Those that receive water from the Águilas-Guadalentín desalination plant (owned by 

ACUAMED) through approved concessions (which are Águilas, Totana, Lorca, Puerto Lumbreras, 

and Pulpí) present also high proportions of desalinated water. On the other hand, there is a group of 

irrigation communities whose administrative situation regarding the use of desalinated water is 

temporarily authorized. Reasons are several: the concession process is pending (Campo de 

Cartagena, Alhama de Murcia, Librilla, El Saltador); technical problems in the desalination plants, as 

occurred in Bajo Almanzora that affected El Saltador; or lack of distribution network in the case of 

Alhama de Murcia regarding Águilas desalination plant. In this case, the proportion of desalinated 

water is lower than in the other irrigation communities, between 20% and 30%. It has to be noted that 

the irrigation community of Librilla accounts for water from conventional sources that receive by the 

swap system as desalinated water. Respecting Riegos de Levante irrigation community, they give 

their desalination water concession up to be used by the Campo de Cartagena irrigation community, 

so they do not use desalinated water except in specific situations in which they resort to the 

desalination plant Alicante I, belonging to the MCT, in charge of urban water supply. These issues 

may help to explain why the proportion of desalinated water is lower in this group of irrigation 

communities. Notwithstanding, during drought situations, the proportion of desalinated water 

available at the irrigators’ delivery points exceeds 50% in seven irrigation communities and 33% in 

other three. 

 

Figure 3. Average desalinated water (D.W.) use on delivery points in normal hydrologic conditions 

and drought situations. Note: irrigation communities: 1. Águilas; 2. Alhama de Murcia; 3. Campo de 

Cartagena; 4. El Saltador; 5. Librilla; 6. Lorca; 7. Mazarrón; 8. Puerto Lumbreras; 9. Pulpí; 10. Riegos 

de Levante; 11. Totana. 
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Despite the fact that desalinated water represents a large percentage of the total water resources 

used, it must be borne in mind that in most cases all supply sources are mixed in irrigation ponds. 

Only the irrigation community in Mazarrón declares that they irrigate only with desalinated water. 

Moreover, in Lorca, they affirm that sporadically when there is no other option, they have watered 

only with desalinated water, and in Totana they point out that some plots are also irrigated only with 

desalinated water. The factors that motivate the mixture are, mainly, to minimize the use of 

desalinated water to save costs by taking advantage of the conventional resources available and to 

increase the quality of the water resulting from the mixture. 

4.2. How Desalination Is Perceived by Irrigators? 

With the aim of evaluating how irrigators perceive desalinated water, three questions have been 

raised: 

(1) What causes have motivated the use of desalinated water and which factors explain the 

seasonal variation in its consumption? 

(2) How is desalinated water quality evaluated, including its evolution and future prospects? 

(3) To what extent is this water source accepted among the irrigators, with respect to other 

water sources? 

4.2.1. Motivation and Causes that Explain the Use of Desalinated Water 

Regarding the reasons indicated for desalinated water use, the main causes pointed out by all 

the irrigation communities, except for the Águilas one, are to overcome structural and temporary 

under-provision of water. Only 3 out of 11 irrigation communities surveyed have a water concession 

equal to or greater than their water demand. Total water demand for all surveyed irrigation 

communities is 472 MCM/year, while the average water volume available is only 230 MCM/year and 

142 MCM/year during drought situations. According to irrigators, this under-provision occurs in a 

greater number of cases with respect to water from the TST (8 out of 11), followed by other surface 

water sources (5 out 11), desalinated water (4 out of 11), purified water (2 out of 11), and underground 

water (1 out of 11). Water from TST represents more than half of the volume of the concessions of the 

surveyed irrigation communities (265 MCM/year); however, the available volume from this source is 

reduced to half in normal hydrologic situations and to 14% during droughts. Other causes that 

motivate the use of desalinated water is the need for higher water quality through its mixing with 

other poorer quality water resources, pointed out in 4 out of the 11 irrigation communities. In a 

testimonial way, the irrigation community of Campo de Cartagena indicates that they use desalinated 

water because there is no alternative and the Lorca one states that they also use desalinated water to 

favor the regularization of the irrigated surface. In summary, the main reason to use desalinated 

water is to ensure water supply. For practically all the irrigation communities, with the exception of 

those that have their own desalination plant, the average volume of water available at their delivery 

points is lower than their water concession. This situation is experienced most intensely in the 

irrigation communities of Pulpí, which only has available 23% of their water concession; El Saltador, 

with 33.1%; Alhama de Murcia, with 41.7%; Totana, with 48.3%; or Librilla, with 50.9%. Furthermore, 

these figures are much lower during drought situations in which the water available at the delivery 

points may be shorter than 20%. Likewise, it should be noted that in some irrigation communities the 

concession volume is even lesser than the water demand, which indicates that, except for the 

irrigation community of Águilas, all the others indicate that are affected by under-provision of water. 

This situation has led to the progressive desalination development, especially from 2015 with 

the tightening of the conditions for the TST, the advent of a drought situation and the approval of the 

Drought Decree. Furthermore, to alleviate this situation, irrigators have implemented a series of 

measures. The ones most frequently indicated are the general restriction of water, with the exception 

of the Águilas and Mazarrón irrigation communities, which have their own desalination plant, and 

the establishment of water rights transfers, a measure that is centrally managed by SCRATS (both 

pointed out by 8 out of 10 irrigation communities). In the second place, the irrigators note that they 
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depend on the use of emergency wells (managed by SCRATS during droughts situations), the making 

of recommendations on the water use to the irrigators and requesting temporal authorizations for the 

use of desalinated water (pointed out by 7 out of 10 irrigation communities). To a lesser extent, some 

irrigation communities declare to deal with under-provision through controlled deficit watering 

(pointed out by 4 out of 10 irrigation communities) or controlled overexploitation of aquifers (pointed 

out by 2 out of 10 irrigation communities). However, it is worth noting that in those irrigation 

communities involved in the swap system there is a greater heterogeneity of measures aimed to solve 

under-provision of water (Figure 4). 

 

Figure 4. Measures applied to solve under-provision of water according to irrigation communities’ 

involvement in the swap system (in percentage). 

4.2.2. Perception of Desalinated Water Quality and Seasonal Water Use Variation 

Regarding desalinated water quality perception, it should be noted that the best evaluations are 

made by irrigation communities with a considerable proportion of desalinated water in the total 

water they use, such as Águilas, Pulpí, and Lorca, which are also three of the four irrigation 

communities that have been using desalinated water for the longest time (Table 2). Likewise, it is 

worth noting that the worst desalinated water valuations are made by the irrigation community of 

Campo de Cartagena, which, in relative terms, is one of the communities that use less desalinated 

water (28.3% of the total water resources in normal conditions and 37.8% during droughts), and 

Librilla, which does not use desalinated water since it receives water from other conventional sources 

of supply through the swap system. This last case is striking since Librilla is the unique irrigation 

community that evaluates the quality of desalinated water as “bad” and the evolution of its quality 

as “fair”. This case is explained by the influence that the problems experienced in the neighboring 

irrigation community of Campo de Cartagena with desalinated water quality and the high boron 

content have had on the perception of the irrigators of Librilla. 
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Table 2. Perception of desalinated water quality by irrigation communities. 

Irrigation 

Community 

First Year 

Using D.W. 

Current D.W. 

Quality 

D.W. Quality 

Evolution 

Future Prospects on 

D.W. Quality 

Águilas 2002 Very good Very good Very good 

Alhama de 

Murcia 
2015 Good Good Good 

Campo de 

Cartagena 
2015 Fair - - 

El Saltador 2015 Good Good Good 

Librilla - Bad Fair - 

Lorca 2013 Very good Very good Very good 

Mazarrón 1995 Good Good Good 

Puerto 

Lumbreras 
2015 Good Good Good 

Pulpí 2013 Very good Very good Very good 

Riegos de 

Levante 
2016 Good - - 

Totana 2016 Good Good Good 

Note: A 5-Point Likert scale has been used (very bad, bad, fair, good, very good). D.W.: Desalinated Water. 

Regarding seasonal variations in desalinated water use, irrigators claim heterogeneous 

responses. On the one hand, Alhama de Murcia, Campo de Cartagena, Puerto Lumbreras, and Totana 

affirm that there is not a maximum and minimum desalinated water use throughout the year since 

they receive a uniform monthly volume, although irrigation needs do with higher demand during 

summer. On the other hand, El Saltador and Lorca claim that desalinated water use rises during 

drought situations due to the reduction of the TST contribution. Likewise, some of the irrigation 

communities specialized in greenhouse and hydroponic crops, such as Águilas, Pulpí, or Mazarrón, 

pointed out that the maximum water use is produced between September and April. Beyond the 

seasonal variations in desalinated water use, the main factors that explain the greater use of this water 

source are that it is the only source available; it allows alleviating the structural under-provision of 

water; and it is a solution to drought situations. To a lesser extent, irrigators point out that the greater 

use of desalinated water is explained by its subsidized cost, because it allows avoiding the 

overexploitation of the aquifers during drought situations and that it increases the quality of the 

water used for irrigation (Figure 5). 
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Figure 5. Explaining factors for a higher desalination water use. 

4.2.3. Acceptance of Desalinated Seawater among Farmers 

In a scenario based on a hypothetical situation where water prices where the same for all the 

supply sources, desalinated water appears as the third option after surface water (both from the 

Segura basin and from the TST) (Figure 6). These results confirm that in recent years it has been an 

evolution in the acceptance of desalinated water among farmers since in the Níjar municipality, 

located a few kilometers further south our study area, in 2016 desalinated water was the worst valued 

option [35]. However, in that case, the obtained results came from farmers who did not use 

desalinated water, although they were considering the possibility of using it. 

 

Figure 6. Priority of water use for irrigation according to supply sources regardless price. 

For most irrigation communities, factors that will influence the future acceptance of desalinated 

water are mainly its price and the availability of water from conventional sources. Other reasons 

mentioned, although to a lesser extent, are the quality of desalinated water and its environmental 

impact. In order to increase desalinated water acceptance all irrigation communities agree pointing 

out the necessity to reduce its price. Other economic measures indicated are the promotion of 
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subsidies for technical innovation and improve water quality (pointed out by 6 out of 11 irrigation 

communities), and receive financial bonuses according to the volume of water consumed (pointed 

out by 4 out of 11 irrigation communities). Likewise, the irrigators also indicate other technical, 

informative, or management measures aimed at increasing the acceptance of desalinated water. 

Regarding techniques, some of the irrigation communities connected to the Águilas-Guadalentín 

desalination plant (Águilas, Puerto Lumbreras, Pulpí, and Totana) believe that expert technical 

advice would improve the acceptance of this water source. In addition, in relation to informative 

actions, four irrigation communities claim that the implementation of information campaigns about 

benefits and impacts produced by desalinated water would improve its acceptance. In this sense, 

some irrigators state that it would be a good point to develop marketing campaigns to make visible 

in Northern Europe, where most of the production is going to, that vegetables and fruits are watered 

with desalinated water, which is the same water source as that for urban consumption. 

Responses to the question of whether desalinated water could substitute other supply sources 

indicate that there is a division of opinion. On one side, five irrigation communities point out that 

desalinated water cannot replace any supply source since it is a complementary source to be added 

to the others. It should be noted that the large irrigation communities (Campo de Cartagena, Lorca, 

and Riegos de Levante), and those that do not have desalinated water concessions (Librilla and 

Alhama de Murcia), give this response. On the other side, the rest of the irrigation communities 

largely agree that desalinated water can replace groundwater, which is the main cause of high water 

conductivity due to over-exploitation of aquifers. Likewise, the irrigation communities that have their 

own desalination plant (Águilas and Mazarrón) indicate that in addition to groundwater, desalinated 

water could replace purified wastewater. It is noteworthy that some irrigating communities that 

suffer from under-provision and that have been seriously affected by the new TST regulations affirm 

that desalinated water could replace surface water (Pulpí) and even all sources of supply (Puerto 

Lumbreras). 

Regarding the role of desalinated water as a complementary measure to face the possible 

impacts of climate change, such as an increase in the frequency and intensity of droughts or a greater 

irregularity in rainfall, there is a broad consensus. Practically all irrigation communities claim that 

the use of desalinated water is a useful measure to face a climatically uncertain future; however, some 

irrigators emphasize that a greater dependence on desalination would feedback climate change due 

to the high-energy demand and the increase in the emissions. Hence, some of them claim that it is 

necessary to improve technical performance to reduce energy consumption and promote the use of 

solar energy in desalination plants. 

4.3. Which Driving Factors Are Affecting Irrigation Communities’ Decision-Making Processes? 

Water availability, ensuring water supply, and the improvement of water quality are the main 

advantages of using desalinated water indicated by irrigators, while the main drawbacks are diverse: 

its high price, the high energy consumption and CO2 emissions, quality problems related with boron 

and lack of nutrients, the mismatch between production capacity and water demand does not adjust 

to the seasonal variation, and the increase of vulnerability to shortages due to technical problems in 

desalination plants. According to the main advantages and disadvantages perceived by the irrigators, 

the driving factors that may affect the irrigation communities’ decision-making processes have been 

divided into two groups: desalination water quality and environmental impacts; and desalination 

water price. 

4.3.1. Desalination Water Quality and Environmental Impacts 

The main parameters in relation to the water quality of relevance to irrigators are conductivity 

and the presence of boron. In this sense, except for El Saltador and Riegos de Levante, all irrigation 

communities have their own control system to assess the quality of the desalinated water they 

receive, the majority of which is a permanent control process. In general, the conductivity values are 

kept between 400 and 600 µS/cm for the ACUAMED desalination plants, and 900 µS/cm for 

Escombreras plant, all showing slight seasonal oscillations. It should be noted that the community of 
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irrigators of Águilas, which has and manages its own desalination plant, indicates that the 

conductivity of the water is variable according to the needs of the crop, with half of the production 

at 800 µS/cm and the other half at 1500/2000 µS/cm. In fact, apart from Águilas, in the medium or 

long term none of the irrigation communities plan to request desalinated water quality on-demand 

according to the crop needs. This option seems to be unfeasible for most of the irrigators since it 

would require having regulation reservoirs with different qualities for each type of crop. 

Regarding boron, three irrigation communities have detected punctual problems, all of them 

supplied by the Águilas-Guadalentín desalination plant and using a large proportion of desalinated 

water with respect to the total water resources (Lorca, Pulpí and Puerto Lumbreras). These problems 

have been identified in long cycle citrus crops and tomatoes, therefore, when it is identified a high 

level of boron in desalinated water, it is tried to mix with water from other sources. 

Apart from the problems associated with boron, the majority opinion among irrigators is that 

they do not know if there is any environmental impact resulting from the prolonged use of 

desalinated water in crops. Some irrigation communities indicate that they have perceived that the 

acidity has been able to produce corrosion problems in the distribution systems, although studies are 

still being carried out to find out potential problems, as indicated by Campo de Cartagena. Despite 

not identifying conclusive environmental impacts resulting from the use of desalinated water, 5 out 

the 11 irrigation communities internally debate the potential impact that desalinated water can have 

on the soil and crops. Among the aspects with the most agreement are high-energy consumption and 

CO2 emissions, which generate a high price. Likewise, the impacts on the soil and crops cannot yet 

be evaluated since in most irrigation communities it has only been using desalinated water for five 

years. However, it should be noted that in Águilas and Mazarrón, where they have been using 

desalinated water for around 20 years, no problems have been identified in this sense. In general, 

there is a lack of knowledge regarding desalinated water impacts, since in many cases, farmers do 

not know the origin of the irrigation water and they attribute any problem to conductivity. 

4.3.2. Desalination Water Price 

As analyzed, there is a widespread consensus that the main obstacle for the use of desalinated 

water is its price, six times higher than TST water. The desalinated water price vary year-on-year due 

to investments and maintenance needs of the plants, the electricity price variation, and the updating 

of tariffs since the supply costs are reviewed annually. However, the subsidies applied to the 

Torrevieja plant during the drought period between 2015 and 2018 established a fixed price of 0.30 

€/m3. According to some irrigation communities, the fourth additional provision of Law 1/2018, by 

which urgent measures were adopted to mitigate the effects produced by the drought, this subsidy 

would be maintained under conditions not subject to drought situations. For this reason, many 

irrigation communities declare that they did not receive their subsidies at the end of 2019 (Campo de 

Cartagena or El Saltador). Some irrigation communities, such as Riegos de Levante, instead affirm 

that the subsidy was eliminated in 2018, so the interpretation of Law 1/2018 is not homogeneous. The 

problem is that, in the rest of the active desalination plants owned by ACUAMED (Valdelentisco, 

Águilas-Guadalentín, and Carboneras), this subsidy did not take place, which had the effect that 

many irrigation communities wanted to participate in the swap system, since the exchange of water 

allocations was produced with the desalinated water produced in Torrevieja. 

It must be considered that the desalinated water supply price is, in almost all cases, much higher 

than the final affordable price, although mixing with other cheaper sources of water reduces the final 

price of the water used below this threshold. For most irrigation communities, below 0.30 €/m3 all 

crops can be profitable (Table 3). However, if their water supply would depend only on desalinated 

water, the price of water supply would be between 0.47 and 0.80 €/m3. This price includes the 

purchase price of the desalinated water, to which it must be added an increase of 7.5% of transport 

leakages estimated by the Segura River Basin Authority, 0.24 €/m3 from the toll of using the 

distribution infrastructure and 0.07 €/m3 for the SCRATS rate. Likewise, in some cases, the irrigation 

communities have their own fees and charges for the use of their infrastructure. This scenario would 
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reduce profitable crop options, with agricultural activity practically unfeasible with water prices 

above 0.60 €/m3. 

Table 3. Desalination water supply price, final affordable price and types of profitable crops based 

on water price. 

Irrigation 

Community 

Desalinated 

Water Supply 

Price (€/m3) 

Final 

Affordable 

Price (€/m3) 

Crops that 

can Cope 

with a 

Price  

<0.30 €/m3 

Crops that Can 

Cope with a 

Price 0.30–0.60 

€/m3 

Crops that 

Can Cope 

with a Price  

>0.60 €/m3 

Águilas 0.47 0.35 All 

Vegetables in 

hydroponic 

crops 

None 

Alhama de 

Murcia 
0.63 0.30 All Table grape None 

Campo de 

Cartagena 
0.66 0.20 

Depends 

on market 

prices 

Depends on 

market prices 

Greenhouse 

crops 

El Saltador 0.39 0.30 All 
Vegetables and 

some trees 
None 

Librilla 0.73 0.30 All Specific crops None 

Lorca 0.47 0.30 Fruit None None 

Mazarrón 0.50 0.60 All Vegetables None 

Puerto 

Lumbreras 
0.55 0.60 All 

Table grape 

and lettuce 
Table grape 

Pulpí 0.68 0.40 All 
Citrus and 

vegetables 
None 

Riegos de 

Levante 
0.80 0.30 Almost all None None 

Totana 0.60 0.30 All Table grape None 

4.4. How Desalination Is Conceived through Newspapers? 

4.4.1. Regional Press 

From the analysis of the news published in the main newspapers in the area regarding the use 

of desalinated water for irrigation, five main themes can be highlighted. The price of desalinated 

water and the expansion of new infrastructures (including the management of associated water 

concessions) are the two main issues, followed by the management of the Torrevieja desalination 

plant; concerns about water flows decrease from the TST; and agronomic issues and investigations 

that are being carried out in this line. Most news items are linked to the desalinated water price to be 

paid by irrigators [36], although from the end of 2015 to the end of 2018, irrigators received subsidies 

that have allowed watering at € 0.30/m3, a price that they consider “reasonable and affordable by the 

sector” [37]. This issue is directly related to infrastructure expansions, especially those aimed at 

increasing desalinated flows [38], and new water concessions awarded to the irrigation communities 

[39]. Likewise, the press has echoed the connection project between Águilas, Valdelentisco, and 

Torrevieja desalination plants, and with the Azud de Ojós and the post-transfer channels [40,41]. 

The Torrevieja desalination plant has been the subject of various negative news reports. Reasons 

are multiple: fraud in contracts committed by the state entity ACUAMED [42], the delay in its start-

up at full capacity, and the discontent generated during the allocation of its new concessions [43]. 

However, the regional press has also highlighted the benefits and positive aspects of its 

implementation as a complementary water source for both population and the agricultural sector 

[44]. To a lesser extent, the regional press also reflected the concern of the agricultural sector because 
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of the decrease in freshwater delivery from the TST [45], which has already been one of the triggers 

for the promotion of desalination. The agronomic aspects associated to the use of desalinated water 

[46] highlighted the high concentrations of boron [47] as the main issue to be discussed and 

investigated according to specific research studies carried out in this line [48]. According to the 

conducted analysis, in just five years the initial reluctance to use desalinated water for irrigation [49] 

has been reduced [50] and desalination has gained strength to become an essential and stable resource 

for the sector, despite being considered as a complementary resource and requiring its mixture with 

other waters [51]. 

4.4.2. National Press 

The analysis of the national press confirmed a matching topic with the concerns reflected at the 

regional scale, especially regarding the conflict over the price of desalinated water. However, other 

issues incite complementary interest, such as the political conflict around the management of water 

resources, the role of ACUAMED, or the need for a water resources alliance between surplus and 

deficit water resources territories. In general, less attention is paid to the perception of desalinated 

water, although some interest is put on the social rejection of desalinated water for human supply 

[52]. Concern about the high price of desalinated water is widespread among irrigators, asking for 

subsidies [53] and proposing, in many cases, energy savings by renewable energy, such as 

photovoltaic [54]. Cases of corruption and cost overruns linked to the construction of desalination 

plants is a recurring theme at the national scale [55], focused on the ACUAMED case [56], very 

popular during 2016. In addition, the underutilization of a large part of the desalination plants [57] 

and the political conflict between political parties and regional and national governments related to 

water resources [58,59], are also recurring themes in the national press. The promotion of a Water 

Pact, both at the provincial level [60] and at the national level [61], in which desalinated water for 

irrigation could be promoted and subsidized [62], seeks to solve this problem tacking into account 

that, in recent years, Spain has become a reference in the construction and operation of desalination 

plants worldwide [63]. 

5. Discussion and Conclusions 

A steady and assured supply of high-quality water is crucially important in an era when the 

world at large is embarking on the Sustainable Development Agenda to ensure access to safe water 

for all by 2030, and for the achievement of Goal 6 to safeguard water supplies for current and future 

generations [64]. Furthermore, both in academia and in policy-making, it has now been recognized 

that sustainable food systems need to be assessed in an integrated manner [65]. According to the 

report “Adapt Now: A global call for leadership on climate resilience”, published in 2019 by the 

Global Commission on Adaptation, adapting the planet’s water resources and systems to the 

Anthropocene and the new climate reality is a formidable task. In this context, desalination has been 

proclaimed as an almost inexhaustible source of water that can meet growing water demands and 

buffer arid regions against climate change. In fact, while noting its high-energy costs, the 

Intergovernmental Panel on Climate Change lists desalination as an ‘adaptation option’, ensuring 

how in the near future desalination will possibly become an important source of water supply in 

semiarid and arid regions. However, a contradiction exists: the benefits of having a ‘reliable’ and 

‘rainfall-independent’ water source can only be conceived through the application of vast amounts 

of energy and dismissing associated greenhouse gas emissions [66]. In order to address this gap, this 

paper expanded the understanding on how irrigation communities from South-East Spain perceive 

the pros and cons of using desalinated seawater, including current and future scenarios. The obtained 

results highlighted how: 

1. desalinated water concessions tend to be less or equal than the desalinated water demand. 

According to irrigators, this under-provision can be explained by the existence of a surface water 

supply (TST). Furthermore, for practically all the irrigation communities, with the exception of 

those that have their own desalination plant, the average volume of water available at their 
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delivery points is lower than their water concession. To alleviate this situation, irrigators have 

implemented a series of measures, including the general restriction of water and the 

establishment of water rights transfers centrally managed by SCRATS. However, the structural 

under-provision of water for irrigation uses seems non-reversible taking into account that 

desalinated water concessions requested by irrigators are much higher than the real production 

capacity of the plants (Torrevieja, Valdelentisco and Escombreras plants accumulate 150.8 

MCM/year, while the requested water concessions are of 207.5 MCM/year); 

2. those irrigation communities that are using desalinated water in a greater proportion and for a 

longer time provide the best evaluations of desalinated water quality. Anecdotally, low-quality 

standards of desalinated water can be influenced by problems experienced in neighboring 

irrigation communities rather than the actual use of desalinated water; 

3. greater use of desalinated water is explained by three main factors: it is the only source available 

(due to the prognosis that the TST end up closing and no surface water was supplied); it allows 

alleviating the structural under-provision of water; and it is a solution to drought situations. To 

a lesser extent, irrigators point out that the greater use of desalinated water is explained by its 

subsidized cost, because it allows avoiding the overexploitation of the aquifers during drought 

scenarios and that it increases the quality of the water used for irrigation; 

4. there is no unanimous answer to the question of whether desalinated water could substitute 

other water supply sources. Large irrigation communities and those without desalinated water 

concession pointed out that desalinated water cannot replace surface water since it is a 

complementary source, while the rest largely agree that desalinated water can replace 

groundwater, which is the main cause of high water conductivity due to over-exploitation of 

aquifers; 

5. the main advantages of using desalinated water are: increasing water availability, ensuring 

water supply, and improving water quality. On the contrary, the main drawbacks are its high 

price (six times higher than TST water), the high-energy consumption (the energy cost of the 

TST is much lower: 1.1 kWh/m3) and CO2 emissions, quality problems (conductivity and boron), 

water demand unadjusted to the seasonal variation, and the increase of vulnerability to 

shortages due to technical problems in desalination plants. Some of these handicaps have been 

identified in a recent study conducted by Ricart et al. [67] in which energy cost and water price 

have been considered the most influencing factors in decision-making processes. Although in 

the last 30 years the amount of energy required for desalination has fallen precipitously, and 

taking into account the plant efficiency and energy price increases and fluctuation, energy costs 

account for between 25% and 50% of the total price of desalinated water [68]. In this scenario, 

some surveyed irrigators claim that it is necessary to improve technical performance to reduce 

energy consumption and promote the use of solar energy in desalination plants; 

6. for most irrigation communities, below 0.30 €/m3 all crops can be profitable. This scenario would 

reduce profitable crop options [69], with agricultural activity practically unfeasible with water 

prices above 0.60 €/m3. It should be noted how irrigation is the lowest-valued water use and 

desalination the highest-cost water source [70]. The price of desalinated water tends to explain 

why desalination is only affordable in productive and profitable cropping models [71], and why 

its use is linked to irrigation that is more efficient. Accordingly, the use of desalinated water in 

producing high-value crops and crop commodities would be another avenue whilst considering 

the expansion of desalinated water to other sectors [72]. Taking into account that conventional 

water resources cannot alleviate the water deficit for agricultural use in South-East Spain, 

seawater desalination appears as a valuable supplement to be added in the water mix used by 

irrigators [73]; 

7. both the regional and the national press reflected the concern of the agricultural sector because 

of the decrease in water delivery from the TST, the water quality problems, and the high-energy 

prices, which have already been three of the triggers for the promotion of desalination according 

to irrigation communities’ perception. However, at the national level, more emphasis has been 

put it on corruption and cost overruns, and the political conflict (including Water Pact 
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discussion), in which desalination was presented as a win-win ‘scalar fix’ to Spain’s water 

challenges with the explicit aim to diffuse political tension through techno-managerial solutions 

[74]. In addition, investments to promote the integrated management of water resources are also 

disseminated through the press. According to this last point, by 2021 the Spanish Government 

declare that ACUAMED plants would be interconnected also with the TST infrastructure, which 

will provoke that desalinated water could be used by more irrigation communities than those 

surveyed in this study [75]. The intended water management strategy is that every southeastern 

irrigation community uses a water mix in which both desalinated water and TST water would 

be present. 

Desalination feasibility is complex and it requires overlaid technical, economic, political, 

environmental, and societal driving factors. Based on the obtained results, desalination should be 

considered as a strategic water supply in regional water planning and management for irrigation in 

water scarcity regions instead of a contingency plan based on emergency demand. However, this 

asks for ensuring that the benefits and costs of desalinated water are well known, local and current 

instead of fluctuating, distant, and future [76]. The AGUA program assumed that farmers would turn 

to desalinated water and pay the government for construction and operating costs. The government 

faced a choice between selling low volumes of expensive water or subsidizing prices to increase 

volumes, raise plant efficiency, and perhaps decrease groundwater stress. However, farmers 

continued to exploit a regulatory loophole on self-supply that gave them access to cheaper, 

convenient groundwater or surface water, as confirmed in our case study in which irrigators prefer 

using surface water (from both the Segura basin and from the TST) instead of desalinated water. 

The best way to increase farmers’ acceptance of desalinated water is by addressing 

socioeconomic and environmental risks and yuck factor together. Both technical (risks) and social 

issues (perception) should be considered as the two sides of the same coin which are perceived 

differently by farmers, irrigation communities, managers, decision-makers, and society [77]. The 

challenge is to identify farmers’ expertise, doubts, fears, and cultural values associated to desalinated 

water use and combine them with technical and economic issues in order to systematically 

addressing concerns through a framework of educational, policy, and management strategies. To 

address this gap, it is essential that engineers and social scientists work together. Engineers can 

provide the best, safest, and efficient solutions to reduce energy costs and ensuring water quality 

standards, whereas social scientists can facilitate a better understanding of the reasons that explain 

rejection or acceptance from farmers’ perception of desalinated water for irrigation. Moreover, 

managers and decision-makers can take profit of this coupled technical-social approach in favor of 

integrated water resources management in water scarcity regions. Results should be useful to identify 

how policymakers could use the current concerns shared by the irrigation communities as a social-

learning process when they attempt to close the supply-and-demand gap of desalination in water 

scarcity regions, while addressing the water–energy–food nexus in the medium- and long-term. 
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Appendix A 

Questionnaire to the irrigation communities 

BLOCK 1. IRRIGATION COMMUNITIES’ PROFILE 

1. Name of the irrigation community 

 

2. Name and charge of the interviewee 

 

3. Year of registration of the irrigation community as a public law corporation 

 

4. Number of irrigators 

 

5. Registered surface with the right to be irrigated (in hectares) 

Irrigable surface  

Irrigated surface  

6. Location of irrigated and irrigable surface (municipalities) 

 

7. Average size of the farm (in hectares) (*if different sizes are present, please, indicate as irrigators’ profiles 

as needed) 

 

8. Main crops 

 

9. Irrigation method (select the correct option/s and include the % of use) 

Drip irrigation  

Sprinkler irrigation  

Flood irrigation  

10. Technical advisory services offered to the irrigator 
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BLOCK 2. WATER CONCESSION, SUPPLY SOURCES, USES, PRICE, SURFACE, AND 

IRRIGATED CROPS 

11. Supply source/s and current volume/s (concessional and average supplied volume) 

 Concessional volume Average supplied volume 

Water source Normal 

climatic year 

(m3/%) 

Drought period 

(m3/%)  

Normal 

climatic year 

(m3/%) 

Drought period 

(m3/%) 

Surface water (river)     

Water transfer (TST)     

Groundwater     

Reclaimed water      

Desalinated water     

Others (*please, specify)     

Water demand to meet the needs of the irrigated area 

Total water demand (in m3)  

Has the amount of water supplied by any source/s ever been insufficient? 

Yes  

No  

Do not known/No answer  

If yes, which source/s has/have resulted insufficient? 

Surface water (river)  

Water transfer (TST)  

Groundwater  

Reclaimed water   

Desalinated water  

Others (*please, specify)  

If yes, what measure/s has/have been applied? 

Water rights transfers  

Temporary authorizations (desalination)  

Controlled overexploitation of aquifers  
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Crop restrictions  

General restriction  

Recommendations to irrigators  

Controlled Deficit Watering (CDW)  

Use of emergency wells  

Others (*please, specify)  

12. Name of the desalination plant/s with which the connection is maintained 

 

13. Year and duration of desalinated water concession 

Year  

Duration (years)  

14. Reason/s that has/have motivated using desalinated water 

Structural under-provision of water  

Temporary under-provision of water  

Need for water quality improvement through mixing with poorer water 

quality resources 

 

Others (*please, specify)  

15. Irrigated surface using desalinated water (in hectares, estimated or approximated value) 

2018  

2017  

2016  

2015  

2014  

2013  

2012  

2011  

2010  

First year of water concession  
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16. Purchased and supplied price of desalinated water (€/m3) 

Purchased  

Supplied  

Is it a fixed or a variable price? 

Fixed  

Variable  

If variable, main reason/s that justified it 

 

Has the use of desalinated water benefited from any subsidy? 

Yes  

No  

Do not known/No answer  

17. Have you identified a maximum and minimum use of desalinated water? 

Yes  

No  

Do not known/No answer  

If yes, in which months is the maximum use of desalinated water? 

 

If yes, what factor/s explain/s a greater use of desalinated water 

Drought period  

Subsidized cost  

Only water source available  

Under-provision of water  

Others (*please, specify)  

Do not known/No answer  

18. Do you irrigate directly with desalinated water or a mixture between desalinated water and water from 

other sources is applied? 

Only desalinated water  

Mixed  
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If mixed, to what factor/s is/are this mixture due? 

Increase the water quality standards  

Take advantage of available conventional water resources  

Reduce the use of desalinated water (save costs)  

Others (*please, specify)  

Once the desalinated water has been received, is it necessary to apply any type of post-treatment 

process to correct possible imbalances (low mineralization in calcium, magnesium and sulphates) 

before being used on the plot? 

Yes  

No  

Do not know/No answer  

Who should bear the cost of this treatment? 

Irrigation communities  

Desalination plant (supplier company)  

Both  

Do not know/No answer  

BLOCK 3. QUALITY, COST, MANAGEMENT, IMPACTS AND BENEFITS 

19. Conductivity of the desalinated water supplied (in µ/cm) 

 

20. Assessment of the desalinated water quality standards 

Punctuation Very 

good 

Good Fair Bad Very bad 

Current situation 
     

Evolution 
     

Future perspectives 
     

Have you detected any specific problems with boron? 

Yes  

No  

Do not know/No answer  

If yes, which problems have been identified and which measures have been promoted to minimize 

them? 
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Problem Measure 

 
 

 
 

 
 

 
 

21. Are you considering requesting, in the medium-long term, conductivity-quality standards “on demand”? 

Yes  

No  

Do not know/No answer  

If yes, what factor/s would be determining to promote conductivity-quality standards “on demand”? 

Cost  

Conductivity 
 

Crop productivity 
 

Sale price of the food product 
 

Environmental impact and low water quality standards 
 

Others (*please, specify) 
 

Do not know/No answer 
 

22. Does the irrigation community have its own control system to evaluate the quality of the received 

desalinated water? 

Yes  

No  

Do not know/No answer  

If yes, is it a permanent control process? 

Yes  

No  

Do not know/No answer  

23. If the cost of desalinated water is not a determining factor, order the different water sources according to 

their priority of use (1 = highest priority, 5 = lowest priority) 

Surface water (river)  

Water transfer (TST)  

Groundwater  

Reclaimed water 
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Desalinated water 
 

24. How do you assess the exploitation management and services offered by the desalination plant? 

Positively  

Negatively 
 

Do not know/No answer 
 

If positively, what are the factors that determine this positive assessment? 

 

If negatively, what are the factors that determine this negative assessment? 

 

25. Main advantages and disadvantages of using desalinated water 

Advantages Disadvantages 

 
 

 
 

 
 

 
 

26. Main environmental impacts identified of prolonged use of desalinated water in crops (more than one 

option is possible) 

Effects caused by high Boron concentration values  

Soil sodification risk  

Acidity and corrosion problems 
 

Others (*please, specify) 
 

Do not know/No answer 
 

BLOCK 4. FUTURE SCENARIO 

27. Factor/s that will influence, in the near future, on the acceptance of irrigation with desalinated water 

 Positively Negatively 

Water availability (conventional water sources)   

Desalinated water price   

Desalinated water quality   

Environmental impact    

Others (*please, specify)   

28. Are you considering requesting an extension or reduction of the current desalinated water concession? 

Yes  

No  
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Do not know/No answer  

If yes, what is the reason for this expansion or reduction of desalinated water? 

 

29. What is the final price of desalinated water that the irrigator can assume based on the profile of agricultural 

exploitation? 

≤0.20 €/m3  

≤0.40 €/m3  

≤0.60 €/m3  

>0.60 €/m3  

Range  

30. Which crops can cope with these ranges of prices? (please specify types of crops according to price 

categories) 

≤0.30 €/m3  

≤0.60 €/m3  

>0.60 €/m3  

31. Is there an internal debate about the environmental impacts that the use of desalinated water can have on 

the productivity of the soil and/or crops? 

Yes  

No  

Do not know/No answer  

If yes, which are the main aspects that generate the most agreement and disagreement options among 

users? 

Agreement Disagreement 

  

  

  

  

32. Which measures could increase the level of acceptance of the use of desalinated water among the 

community members? 

Subsidies for technical innovation and improve water quality  

Desalinated water price reduction  

Financial bonus according to the volume of water consumed  

Marketing campaigns focused on the consumption of food produced with 

desalinated water 

 

Information campaigns about the benefits and impacts of the use of desalinated 

water 

 

Expert technical advice  

Institutional and administrative support  

Others (*please, specify)  

33. Do you consider that the use of desalinated water can substitute other sources of water supply? 
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Yes  

No  

Do not know/No answer  

 If yes, which water sources could be substituted? 

Surface water (river)  

Water transfer (TST)  

Groundwater  

Reclaimed water  

34. Do you consider that the use of desalinated water is a complementary measure to face any of the 

possible impacts of climate change such as drought or irregular rainfall patterns? 

Yes  

No  

Do not know/No answer  

35. Final assessment of the use of desalinated water for agricultural irrigation and any specific comments. 

References 

1. Mohammadinezhad, S.; Ahmadvand, M. Modeling the internal processes of farmers’ water conflicts in arid 

and semi-arid regions: Extending the theory of planned behavior. J. Hydrol. 2020, 580, 124241, 

doi:10.1016/j.jhydrol.2019.124241. 

2. Pakmehr, S.; Yazdanpanah, M.; Baradaran, M. How collective efficacy makes a difference in responses to 

water shortage due to climate change in southwest Iran. Land Use Policy 2020, 99, 104798, 

doi:10.1016/j.landusepol.2020.104798. 

3. Mekonnen, M.; Hoekstra, A.Y. Four billion people facing severe water scarcity. Sci. Adv. 2016, 2, e1500323, 

doi:10.1126/sciadv.1500323. 

4. Chen, T.; Wang, Q.; Qin, Y.; Chen, X.; Yang, X.; Lou, W.; Zhou, M.; He, G.; Lu, K. Knowledge, Attitudes 

and Practice of Desalinated Water among Professionals in Health and Water Departments in Shengsi, 

China: A Qualitative Study. PLoS ONE 2015, 10, e0118360, doi:10.1371/journal.pone.0118360. 

5. Esen, Ö.; Yıldırım, D.Ç.; Yıldırım, S. Threshold effects of economic growth on water stress in the Eurozone. 

Environ. Sci. Pollut. Res. 2020, doi:10.1007/s11356-020-09383-y. 

6. Huang, Z.; Hejazi, M.; Tang, Q.; Vernon, C.R.; Liu, Y.; Chen, M.; Calvin, K. Global agricultural green and 

blue water consumption under future climate and land use changes. J. Hydrol. 2019, 574, 242–256, 

doi:10.1016/j.jhydrol.2019.04.046. 

7. Levidow, L.; Zaccaria, D.; Maia, R.; Vivas, E.; Todorovic, M.; Scardigno, A. Improving water-efficient 

irrigation: Prospects and difficulties of innovative practices. Agric. Water Manag. 2014, 146, 84–94, 

doi:10.1016/j.agwat.2014.07.012. 

8. Chai, Q.; Gan, Y.; Zhao, C.; Xu, H.-L.; Waskom, R.M.; Niu, Y.; Siddique, K.H.M. Regulated deficit irrigation 

for crop production under drought stress: A review. Agron. Sustain. Dev. 2015, 36, 1–21, doi:10.1007/s13593-

015-0338-6. 

9. Parkash, V.; Singh, S. A Review on Potential Plant-Based Water Stress Indicators for Vegetable Crops. 

Sustainability 2020, 12, 3945, doi:10.3390/su12103945. 

10. Qadir, M. Policy Note: “Addressing Trade-offs to Promote Safely Managed Wastewater in Developing 

Countries”. Water Econ. Policy 2018, 4, 1871002, doi:10.1142/s2382624x18710029. 

11. Chen, B.; Han, M.; Peng, K.; Zhou, S.; Shao, L.; Wu, X.; Wei, W.; Liu, S.; Li, Z.; Li, J.; et al. Global land-water 

nexus: Agricultural land and freshwater use embodied in worldwide supply chains. Sci. Total. Environ. 

2018, 613, 931–943, doi:10.1016/j.scitotenv.2017.09.138. 

12. Morgan, R. The Allure of Climate and Water Independence. J. Urban Hist. 2017, 46, 113–128, 

doi:10.1177/0096144217692990. 



Water 2020, 12, 2408 30 of 33 

 

13. Elimelech, M.; Phillip, W.A. The Future of Seawater Desalination: Energy, Technology, and the 

Environment. Science 2011, 333, 712–717, doi:10.1126/science.1200488. 

14. La Jeunesse, I.; Cirelli, C.; Aubin, D.; Larrue, C.; Sellami, H.; Afifi, S.; Bellin, A.; Benabdallah, S.; Bird, D.; 

Deidda, R.; et al. Is climate change a threat for water uses in the Mediterranean region? Results from a 

survey at local scale. Sci. Total. Environ. 2016, 543, 981–996, doi:10.1016/j.scitotenv.2015.04.062. 

15. Camarasa-Belmonte, A.M.; Vila, M.R.; Salas, J. Evolución de episodios pluviométricos en la Demarcación 

Hidrográfica del Júcar (1989–2016): Del recurso al riesgo. Investig. Geogr. 2020, 73, 11, 

doi:10.14198/ingeo2020.cbrvsr. 

16. Seguido, Á.F. La desalinización. De recurso cuestionado a recurso necesario y estratégico durante 

situaciones de sequía para los abastecimientos en la Demarcación Hidrográfica del Segura. Investig. Geogr. 

2018, 70, 47–69, doi:10.14198/ingeo2018.70.03. 

17. Jones, E.; Qadir, M.; Van Vliet, M.T.H.; Smakhtin, V.; Kang, S.-M. The state of desalination and brine 

production: A global outlook. Sci. Total. Environ. 2019, 657, 1343–1356, doi:10.1016/j.scitotenv.2018.12.076. 

18. Palomar, P.; Losada, I.J. Desalination in Spain: Recent developments and recommendations. Desalination 

2010, 255, 97–106, doi:10.1016/j.desal.2010.01.008. 

19. Libutti, A.; Gatta, G.; Gagliardi, A.; Vergine, P.; Pollice, A.; Beneduce, L.; Disciglio, G.; Tarantino, E. Agro-

industrial wastewater reuse for irrigation of a vegetable crop succession under Mediterranean conditions. 

Agric. Water Manag. 2018, 196, 1–14, doi:10.1016/j.agwat.2017.10.015. 

20. Smith, H.M.; Brouwer, S.; Jeffrey, P.; Frijns, J. Public responses to water reuse—Understanding the 

evidence. J. Environ. Manag. 2018, 207, 43–50, doi:10.1016/j.jenvman.2017.11.021. 

21. Martínez-Alvarez, V.; Gallego-Elvira, B.; Maestre-Valero, J.; Martin-Gorriz, B.; Soto-Garcia, M. Assessing 

concerns about fertigation costs with desalinated seawater in south-eastern Spain. Agric. Water Manag. 2020, 

239, 106257, doi:10.1016/j.agwat.2020.106257. 

22. Caldera, U.; Breyer, C. Learning Curve for Seawater Reverse Osmosis Desalination Plants: Capital Cost 

Trend of the Past, Present, and Future. Water Resour. Res. 2017, 53, 10523–10538, doi:10.1002/2017wr021402. 

23. Shaffer, D.L.; Yip, N.Y.; Gilron, J.; Elimelech, M. Seawater desalination for agriculture by integrated 

forward and reverse osmosis: Improved product water quality for potentially less energy. J. Membr. Sci. 

2012, 415, 1–8, doi:10.1016/j.memsci.2012.05.016. 

24. Zhang, Y.; Wang, R.; Huang, P.; Wang, X.; Wang, S. Risk evaluation of large-scale seawater desalination 

projects based on an integrated fuzzy comprehensive evaluation and analytic hierarchy process method. 

Desalination 2020, 478, 114286, doi:10.1016/j.desal.2019.114286. 

25. Heck, N.; Paytan, A.; Potts, D.; Haddad, B.; Petersen, K.L. Management preferences and attitudes regarding 

environmental impacts from seawater desalination: Insights from a small coastal community. Ocean Coast. 

Manag. 2018, 163, 22–29, doi:10.1016/j.ocecoaman.2018.05.024. 

26. Etale, A.; Fielding, K.; Schäfer, A.I.; Siegrist, M. Recycled and desalinated water: Consumers’ associations, 

and the influence of affect and disgust on willingness to use. J. Environ. Manag. 2020, 261, 110217, 

doi:10.1016/j.jenvman.2020.110217. 

27. Wuepper, D.; Zilberman, D.; Sauer, J. Non-cognitive skills and climate change adaptation: Empirical 

evidence from Ghana’s pineapple farmers. Clim. Dev. 2019, 12, 151–162, doi:10.1080/17565529.2019.1607240. 

28. Gibson, F.L.; Tapsuwan, S.; Walker, I.; Randrema, E. Drivers of an urban community’s acceptance of a large 

desalination scheme for drinking water. J. Hydrol. 2015, 528, 38–44, doi:10.1016/j.jhydrol.2015.06.012. 

29. Ghermandi, A.; Minich, T. Analysis of farmers’ attitude toward irrigation with desalinated brackish water 

in Israel’s Arava Valley. Desalin. Water Treat. 2017, 76, 328–331, doi:10.5004/dwt.2017.20198. 

30. Fielding, K.S.; Dolnicar, S.; Schultz, T. Public acceptance of recycled water. Int. J. Water Resour. Dev. 2018, 

35, 551–586, doi:10.1080/07900627.2017.1419125. 

31. Lawhon, M.; Makina, A. Assessing local discourses on water in a South African newspaper. Local Environ. 

2016, 22, 240–255, doi:10.1080/13549839.2016.1188064. 

32. Flint, C.G.; Wynn, E.; Paveglio, T.; Boyd, A.; Bullock, C. Variations in Newspaper Coverage on Water in 

the U.S. Intermountain West. JAWRA J. Am. Water Resour. Assoc. 2019, 55, 1306–1322, doi:10.1111/1752-

1688.12780. 

33. CHS. Plan Hidrológico de la Demarcación del Segura 2015–2021. 2020. Available online: 

https://www.chsegura.es/chs/planificacionydma/planificacion15-21/ (accessed on 7 July 2020). 

34. Zarzo, D.; Campos, E.; Terrero, P. Spanish experience in desalination for agriculture. Desalin. Water Treat. 

2012, 51, 53–66, doi:10.1080/19443994.2012.708155. 



Water 2020, 12, 2408 31 of 33 

 

35. Aznar-Sánchez, J.A.; Belmonte-Ureña, L.J.; Valera-Martínez, D.L. Perceptions and Acceptance of 

Desalinated Seawater for Irrigation: A Case Study in the Níjar District (Southeast Spain). Water 2017, 9, 408, 

doi:10.3390/w9060408. 

36. Diario Información Alicante. El Gobierno Duplica el Precio del Agua Desalada Para Riego al Retirar las 

Subvenciones. Available online: https://afondo.diarioinformacion.com/alicante/gobierno-duplica-precio-

agua-desalada.html (accessed on 11 April 2020). 

37. La Verdad de Murcia. El Ministerio de Agricultura Aumenta en 4,3 Millones la Subvención Para Agua 

Desalada en 2017. Available online: https://www.laverdad.es/murcia/ministerio-agricultura-subvenciona-

20171228182344-nt.html (accessed on 6 April 2020). 

38. La Opinión de Murcia. Entrevista: Presidente de la Comunidad de Regantes del Campo de Cartagena 

(CRCC)–Manuel Martínez: Nuestra Situación no se Debe a la Falta de Agua, Sino de Infraestructuras. 

Available online: https://www.laopiniondemurcia.es/especiales/dia-agua/2019/03/manuel-martinez-

situacion-debe-falta-agua-infraestructuras-n1599_16_48480.html (accessed on 2 April 2020). 

39. La Verdad de Murcia. 324 Peticionarios se Disputan el Agua Desalada de Valdelentisco. Available online: 

https://www.laverdad.es/murcia/peticionarios-desbordan-previsiones-20190502111345-nt.html (accessed 

on 8 April 2020). 

40. La Opinión de Murcia. Primer Paso Para Conectar el Agua de las Desaladoras de Torrevieja, Águilas y 

Valdelentisco. Available online: https://www.laopiniondemurcia.es/comunidad/2018/05/16/primer-paso-

conectar-agua-desaladoras/922354.html (accessed on 3 April 2020). 

41. La Verdad de Murcia. El Mallado de la Cuenca Reforzará el Suministro a la Población y el Regadío. 

Available online: https://www.laverdad.es/murcia/mallado-cuenca-reforzara-20180922004802-ntvo.html 

(accessed on 9 April 2020). 

42. Diario Información Alicante. Registran la Desaladora de Acuamed en Torrevieja. Available online: 

https://www.diarioinformacion.com/vega-baja/2016/01/18/registran-desaladora-acuamed-

torrevieja/1717543.html (accessed on 11 April 2020). 

43. La Verdad de Murcia. El Sindicato de Regantes Teme Enfrentamientos Internos por el Reparto del Agua 

de Torrevieja. Available online: https://www.laverdad.es/murcia/sindicato-regantes-teme-

20190926004827-ntvo.html (accessed on 8 April 2020). 

44. Diario Información Alicante. La Desalinizadora de Torrevieja, Principal Fuente de Agua de la Provincia. 

Available online: https://www.diarioinformacion.com/vega-baja/2017/12/18/agua-quieren/1969310.html 

(accessed on 11 April 2020). 

45. Diario Información Alicante. La Falta de Lluvias en el Tajo Recortará a la Mitad el Trasvase a Alicante. 

Available online: https://afondo.diarioinformacion.com/provincia/recorte-mitad-trasvase-tajo-

alicante.html (accessed on 11 April 2020). 

46. La Opinión de Murcia. Ventajas y Desventajas de la Desalinización. Available online: 

https://www.laopiniondemurcia.es/comunidad/2018/04/25/ventajas-desventajas-

desalinizacion/916718.html (accessed on 2 April 2020). 

47. La Verdad de Murcia. Preocupación en la CHS por los Niveles de Boro del Agua Desalada Para los 

Regadíos. Available online: https://www.laverdad.es/murcia/preocupacion-niveles-boro-20180303011256-

ntvo.html (accessed on 8 April 2020). 

48. La Verdad de Murcia. Investigarán Cómo Optimizar el Uso de Agua Desalada. Available online: 

https://www.laverdad.es/murcia/201704/01/investigaran-como-optimizar-agua-20170401003647-v.html 

(accessed on 8 April 2020). 

49. La Verdad de Murcia. La CHS Advierte de Que, si no Llueve, Habrá que Recurrir al Agua Desalada. 

Available online: https://www.laverdad.es/murcia/201508/05/advierte-llueve-habra-recurrir-

20150805135901.html (accessed on 4 September2020). 

50. La Verdad de Murcia. El Consell Descarta más Trasvases de Fuera y Apuesta por Desalación y Depuración 

de Agua. Available online: https://www.laverdad.es/alicante/201602/20/consell-descarta-trasvases-fuera-

20160220014650-v.html (accessed on 8 April 2020). 

51. La Verdad de Murcia. Afrontar con Garantías la Gestión de las Aguas no Convencionales es Clave. 

Available online: https://www.laverdad.es/economia-region-murcia/afrontar-garantias-gestion-

20190326011234-ntvo.html (accessed on 8 April 2020). 

52. El País. Pocos Quieren Beber el Agua Que Salvó a Canarias. Available online: 

https://elpais.com/politica/2018/01/20/actualidad/1516475753_444638.html (accessed on 27 April 2020). 



Water 2020, 12, 2408 32 of 33 

 

53. El Mundo. El Gobierno Financiará el Agua Desalada Para Riego. Available online: 

https://www.elmundo.es/espana/2015/09/02/55e75fc2268e3e31728b45be.html (accessed on 30 April 2020). 

54. El País. Frente a la Sequía Estructural: Ahorro, Reutilización y Desalación. Available online: 

https://elpais.com/elpais/2017/11/23/opinion/1511465011_082144.html (accessed on 27 April 2020). 

55. El Mundo. La Guardia Civil Registra el Ayuntamiento de Cartagena por el Caso Desaladora de 

Escombreras. Available online: 

https://www.elmundo.es/espana/2016/05/18/573c477246163f441d8b4619.html (accessed on 1 May 2020). 

56. El Mundo. Bruselas Investiga el Destino de Los Fondos Europeos que Invirtió en 15 Proyectos de Acuamed. 

Available online: https://www.elmundo.es/espana/2016/05/27/5748640a468aeb445b8b4608.html (accessed 

on 1 May 2020). 

57. El País. El Parlamento Europeo Insta a España a que Use sus Desaladoras. Available online: 

https://elpais.com/politica/2016/04/21/actualidad/1461245980_379818.html (accessed on 29 April 2020). 

58. El País. No Permitiremos que se Use Otra Vez el Agua Como Arma Política. Available online: 

https://elpais.com/ccaa/2016/02/20/valencia/1455988813_859562.html (accessed on 28 April 2020). 

59. El País. Valencia y Murcia se Enfrentan al Gobierno por el Trasvase del Tajo al Segura. Available online: 

https://elpais.com/sociedad/2018/11/29/actualidad/1543508330_331337.html (accessed on 28/04/2020). 

60. El Mundo. Alicante Suma Sensibilidades para Alcanzar un Pacto Provincial del Agua. Available online: 

https://www.elmundo.es/comunidad-valenciana/alicante/2018/04/19/5ad769c722601dab128b45c7.html 

(accessed on 1 May 2020). 

61. El País. PP y PSOE Negocian el Pacto del Agua Con la Presión de los Regantes. Available online: 

https://elpais.com/politica/2018/03/02/actualidad/1520019402_832832.html (accessed on 27 April 2020). 

62. El País. El Gobierno Prepara un Pacto, Unir Desaladoras y Una Ley de Costas Dura. Available online: 

https://cincodias.elpais.com/cincodias/2020/03/20/companias/1584704146_549604.html (accessed on 27 

April2020). 

63. El Mundo. Las Grandes Constructoras se Afianzan en el Exterior. Available online: 

https://www.elmundo.es/extras/infraestructuras/2020/02/18/5e4c1542fc6c831c4a8b4672.html (accessed on 

1 May 2020). 

64. Fader, M.; Cranmer, C.; Lawford, R.; Engel-Cox, J. Toward an Understanding of Synergies and Trade-Offs 

Between Water, Energy, and Food SDG Targets. Front. Environ. Sci. 2018, 6, 112, 

doi:10.3389/fenvs.2018.00112. 

65. Vanham, D.; Leip, A. Sustainable food system policies need to address environmental pressures and 

impacts: The example of water use and water stress. Sci. Total. Environ. 2020, 730, 139151, 

doi:10.1016/j.scitotenv.2020.139151. 

66. Swyngedouw, E.; Williams, J. From Spain’s hydro-deadlock to the desalination fix. Water Int. 2016, 41, 54–

73, doi:10.1080/02508060.2016.1107705. 

67. Ricart, S.; Villar-Navascués, R.A.; Gil Guirado, S.; Rico, A.M.; Arahuetes, A. How to Close the Gap of 

Desalinated Seawater for Agricultural Irrigation? Confronting Attitudes between Managers and Farmers 

in Alicante and Murcia (Spain). Water 2020, 12, 1132, doi:10.3390/w12041132. 

68. Al Jabri, S.A.; Zekri, S.; Zarzo, D.; Ahmed, M. Comparative analysis of economic and institutional aspects 

of desalination for agriculture in the Sultanate of Oman and Spain. Desalin. Water Treat. 2019, 156, 1–6, 

doi:10.5004/dwt.2019.24066. 

69. Martínez-Alvarez, V.; Maestre-Valero, J.F.; González-Ortega, M.J.; Elvira, B.G.; Martin-Gorriz, B. 

Characterization of the Agricultural Supply of Desalinated Seawater in Southeastern Spain. Water 2019, 11, 

1233, doi:10.3390/w11061233. 

70. Calatrava, J.; Martínez-Granados, D. El valor de uso del agua en el regadío de la cuenca del Segura y en las 

zonas regables del trasvase Tajo-Segura [The value of irrigated water in the Segura basin and Tajo-Segura]. 

Econ. Agrar. Rec. Nat. 2012, 12, 5–32, doi:10.22004/ag.econ.124856. 

71. Pistocchi, A.; Bleninger, T.; Breyer, C.; Caldera, U.; Dorati, C.; Ganora, D.; Millan, M.; Paton, C.; Poullis, D.; 

Herrero, F.S.; et al. Can seawater desalination be a win-win fix to our water cycle? Water Res. 2020, 182, 

115906, doi:10.1016/j.watres.2020.115906. 

72. Silber, A.; Israeli, Y.; Elingold, I.; Levi, M.; Levkovitch, I.; Russo, D.; Assouline, S. Irrigation with desalinated 

water: A step toward increasing water saving and crop yields. Water Resour. Res. 2015, 51, 450–464, 

doi:10.1002/2014wr016398. 



Water 2020, 12, 2408 33 of 33 

 

73. Reca, J.; Trillo, C.; Sánchez, J.; Martínez, J.; Valera, D. Optimization model for on-farm irrigation 

management of Mediterranean greenhouse crops using desalinated and saline water from different 

sources. Agric. Syst. 2018, 166, 173–183, doi:10.1016/j.agsy.2018.02.004. 

74. McEvoy, J. Desalination and water security: The promise and perils of a technological fix to the water crisis 

in Baja California Sur, Mexico. Water Altern. 2014, 7, 518–541. 

75. Diario Información Alicante. El Agua Desalada se Mezclará con la del Tajo Para Garantizar el Riego, Pero 

Será Más Caro. Available online: https://www.diarioinformacion.com/noticias-

suscriptor/alicante/2019/05/08/agua-desalada-mezclara-tajo-garantizar/2146306.html (accessed on 6 July 

2020). 

76. Zetland, D. Desalination and the commons: Tragedy or triumph? Int. J. Water Resour. Dev. 2016, 33, 890–

906, doi:10.1080/07900627.2016.1235015. 

77. Ricart, S.; Rico, A.M.; Ribas, A. Risk-Yuck Factor Nexus in Reclaimed Wastewater for Irrigation: Comparing 

Farmers’ Attitudes and Public Perception. Water 2019, 11, 187, doi:10.3390/w11020187. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


