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Desalinated drinking-water provision in water-stressed 
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ABSTRACT
Desalination is increasingly popular for ensuring potable water. Using 
the City Blueprint Approach methodology in Antofagasta, Chile, we 
identify the barriers, opportunities and transferable lessons that can 
enhance governance capacity towards the successful implementa-
tion of desalination. Antofagasta’s desalinization programme is asso-
ciated with negative water-quality perceptions, environmental 
impacts and high energy demands. Additionally, the supply has 
a moderate impeding influence on water-use efficiency efforts. 
Consequently, we draft a priority ladder for water provision in water- 
scarce regions to: ensure access; reduce consumption; apply reuse; 
and explore renewable water resources – and if a combination of 
previous steps is insufficient, desalination may be applied to meet 
water supply shortages.
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Introduction

Freshwater security is a well-recognized priority for human health, the environment and 
the economy through Sustainable Development Goal (SDG) 6: Clean water and sanitation 
(Essex et al., 2020; Koop & Van Leeuwen, 2017; United Nations (UN), 2020). As a result of 
changing consumption patterns, increasing demand and water pollution, stresses exerted 
on the world’s water resources as well as on cities’ water supply and treatment are 
increasing (Dawoud & Al Mulla, 2012). By 2050, global freshwater demand is expected 
to increase by 20–30% above current levels (UNESCO, 2019). This increase is going to lead 
to more severe demand competition, resulting in an estimated 40% supply shortage by 
2030 (McKinsey & Co., 2009). To maintain the habitability of urban regions, local autho-
rities need to anticipate and adapt to increasing water stress and potential supply short-
age (Ruth et al., 2007). Globally, 15,900 desalination plants are in operation which produce 
95 million m3/day of potable water. In particular, countries such as Saudi Arabia, the 
United Arab Emirates (UAE) and Kuwait largely depend on desalinated seawater. In 
addition, countries such as the United States, Egypt and Israel have large desalinization 
capacities (El Saliby et al., 2009; Zhu et al., 2019). The growing freshwater demand, 
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technological improvements and reducing unit costs will likely contribute in an increasing 
number, capacity and efficiency of desalination practices in water-stressed coastal regions 
(Construvo et al., 2010; Dawoud & Al Mulla, 2012; Jones et al., 2019; Roberts et al., 2010).

As guidance for drinking water quality standards, desalination plants use the World 
Health Organization’s (WHO) Guidelines for Drinking Water Quality (GDWQ) (WHO, 2011). 
These present the concentrations of a broad spectrum of contaminants, including inor-
ganic and synthetic organic chemicals, disinfection by-products, microbial indicators, and 
radionuclides that ensure the safe provision of drinking water for consumers (Construvo 
et al., 2010). Beyond health-related aspects, aesthetic factors (or organoleptic parameters) 
such as taste, odour and turbidity, attributed to the presence of organic and inorganic 
contaminants and bacterial growth, are crucial in ensuring consumer satisfaction 
(Construvo et al., 2010; Shomar & Hawari, 2017). Furthermore, a positive attitude towards 
the public agencies and private companies regulating the sector are crucial for water 
service perception also when desalination plants are introduced (Haddad et al., 2018).

The process of desalinization is associated with negative environmental impacts due to 
discharges into the marine environment (Dawoud & Al Mulla, 2012; Lattemann & Hopner, 
2008; Petersen et al., 2018; Von Medeazza, 2005). If desalination discharge, or brine, is 
released into poorly flushed environments, the salinity and temperature of the receiving 
waters increases substantially (Dawoud & Al Mulla, 2012; Qdais, 2008). Brine, which has 
a higher density than seawater, spreads over the sea floor in shallow coastal waters unless it 
is dissipated, affecting benthic organisms and seagrass beds. A thermal effect can in turn 
affect water quality processes and result in lower dissolved oxygen concentrations. Long- 
term exposure to unfavourable conditions can have a long-lasting impact on species 
composition (Dawoud & Al Mulla, 2012). Furthermore, a number of contaminants can be 
released during the construction and operation of desalinization plants. These include 
reaction (by-)products, from diverse processes such as construction, corrosion, pretreatment 
and cleaning (Dawoud & Al Mulla, 2012; Hoepner & Lattemann, 2003; Roberts et al., 2010). 
This presents the potential for acute and chronic toxicity (Construvo et al., 2010).

Desalination is also linked to significant energy demand (Østergaard et al., 2014). It has 
been estimated that a reverse osmosis plant requires between 0.5 and 4.0 kWh/m3, which 
can vary depending on input salinity, temperature and the technology used (Goh et al., 
2017; Li et al., 2018). This corresponds to about five times as much energy as traditional 
drinking water processes (Jacobsen, 2012).

As such, desalination faces three recurring challenges: (1) water quality perception 
issues; (2) environmental pollution of the residue of the desalinization process; and (3) 
decreased incentive to conserve water while energy demands of the process are high. The 
manner in which a city uses the available freshwater and how it adapts to increasing 
pressures on water as a scarce resource is greatly determined by the way that water is 
managed, and in turn how the sector is governed. Water management is about achieving 
goals in a practical and efficient way with the available means. Interlinkages between 
water quality, sanitation, infrastructure and environmental factors such as climate change 
can be essential. Water governance is about identifying, adhering and prioritizing values 
and converting these values into goals, targets and policies that water managers work 
with (Organisation for Economic Co-operation and Development (OECD), 2015). Across 
the globe, cities experience a shift from traditional public responsibility towards 
a diversification of governance modes where responsibilities are shared between different 
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public and private actors across multiple governance levels (e.g. Lange et al., 2013; Mees, 
2017). Beyond the ability of particular institutions, the joint capacity of different organiza-
tions involved to govern water challenges together is key and depends on a set of 
enabling conditions (Koop et al., 2017). Although today the efficient water use is recog-
nized as being of high importance by many cities experiencing water scarcity, water 
governance is not always well embedded into efforts to adapt to the changing climate in 
dealing with water shortages and droughts.

Despite the valuable empirical work that links desalinization with water security govern-
ance (e.g. Baraua & Al Hosani, 2015; Fragkou & McEvoy, 2016; Gerlak et al., 2018; Gilmont, 
2014; Molina & Melgarejo, 2016), social aspects are somewhat underrepresented. In parti-
cular, a more detailed place-based understanding of the capacity to govern water supply in 
water-stressed regions may be considered a valuable contribution. Here governance capa-
city can be understood as a set of key governance conditions that should be developed to 
address a common challenge (Koop et al., 2017). Accordingly, the aim of this research is to 
obtain a comprehensive, empirically based understanding of the critical points of improve-
ments for the management and governance of drinking water supply in water-stressed 
regions and what the role of desalinization could be. In doing so, we assess the local 
capacity to manage and govern desalinized water provision in the case study of 
Antofagasta, Chile. This rapidly growing mining region is supplied by the largest desaliniza-
tion plant in Latin America. The findings of this investigation therefore can reinforce our 
current understanding of the water supply challenges in Antofagasta, and assist decision- 
making processes in the efforts to mitigate water scarcity in water-stressed regions.

In what follows, the analytical framework and methodological approach are provided, 
including a case study description of Antofagasta. Next the assessment results are 
provided, followed by a discussion reflecting on the governance of desalinization world-
wide based on key findings in the Antofagasta case study, and avenues for future research 
are offered. We end with the conclusions.

Analytical framework

To understand the key barriers for the provision of desalinized drinking water, we apply 
the City Blueprint Framework (CBF) in the region of Antofagasta, Chile. The framework 
consists of three complementary assessments:

● The Trends and Pressures Framework (TPF): 24 descriptive indicators about key 
social, environmental, financial and national governance aspects that may affect 
local water management.

● The City Blueprint Performance Framework (CBF): 24 performance-oriented indicators 
divided over seven broad categories: basic water services; water quality; wastewater 
treatment; water infrastructure; solid waste; climate adaptation; and plans and actions

● Governance Capacity Framework (GCF): 27 Likert indicators divided over nine gov-
ernance conditions that together determine the capacity to govern water-related 
challenges (Table 1).

In order to assess key barriers and enablers for the governance of a secure drinking 
water supply, it is first necessary to understand the broader social, environmental and 
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financial context that may impede or enable good management practices (assessed by 
the TPF). Next, a broader assessment of water management across various domains 
provides a holistic overview for a better understanding of the barriers and enablers 
related to the regions water supply governance (assessed by the CBF). With this con-
textual understanding, the capacity to govern the drinking water supply in Antofagasta is 
assessed by the GCF to obtain an in-depth understanding of the key barriers and enablers 
of the critical points of improvements for the governance of drinking water supply in 
water-stressed regions and what the role of desalinization can be developed.

The primary reason for selecting this methodology is that it is able to provide a holistic 
overview of urban water management through a concrete, standardized and reproducible 
indicator assessment method. Its worldwide application in more than 75 cities and 40 
countries allows for robust comparisons and the sharing of know-how between participat-
ing locations. The frameworks’ indicators are concrete and standardized through a detailed 
description of the indicator’s principal and scoring methodology that is applicable across 
cases (see Materials A–C in the supplemental data online). Reproducibility is ensured 
through full transparency of the information sources that are publicly available. For the 
GCF in particular (Table 1), a standardized indicator scoring procedure has been developed 
that consists of three steps. The first step provides a preliminary score based on 
a substantiation that includes publicly available information from policy documents, 
reports, media channels and the scientific literature. As a second step, representatives of 

Table 1. Water Governance Capacity Framework (GCF) (Koop et al., 2017).
Dimension Condition Indicator

Knowing 1. Awareness 1.1. Community knowledge 
1.2. Local sense of urgency 
1.3. Behavioural internalization

2. Useful knowledge 2.1. Information availability 
2.2. Information transparency 
2.3. Knowledge cohesion

3. Continuous learning 3.1. Smart monitoring 
3.2. Evaluation 
3.3. Cross-stakeholder learning

Wanting 4. Stakeholder engagement process 4.1. Stakeholder inclusiveness 
4.2. Protection of core values 
4.3. Progress and variety of options

5. Management ambition 5.1. Ambitious and realistic goals 
5.2. Discourse embedding 
5.3. Management cohesion

6. Agents of change 6.1. Entrepreneurial agents 
6.2. Collaborative agents 
6.3. Visionary agents

Enabling 7. Multilevel network potential 7.1. Room to manoeuvre 
7.2. Clear division of responsibilities 
7.3. Authority

8. Financial viability 8.1. Affordability 
8.2. Consumer willingness-to-pay 
8.3. Financial continuation

9. Implementing capacity 9.1. Policy instruments 
9.2. Statutory compliance 
9.3. Preparedness

Note: For more details regarding the rationale of the Trends and Pressures Framework (TPF) and City Blueprint 
Framework (CBF), see Koop and Van Leeuwen (2015), https://link.springer.com/article/10.1007/s11269-015- 
1139-z. For more details regarding the rationale of the GCF, see koop et al. (2017)  https://link.springer.com/ 
article/10.1007/s11269-017-1677-7.
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key stakeholders are interviewed and this information is incorporated in the preliminary 
score substantiation. As a third step, the interviewees are asked to provide feedback on this 
substantiation. Based on these three steps a final score is determined.

Case study selection and data collection

In an effort to provide freshwater to a growing population and to support the economy’s 
pivotal mining industries in a context of prolonged drought, the Chilean state has 
adopted a technologically oriented mitigation approach proposing the construction of 
desalination plants along its coastline (Fragkou & McEvoy, 2016). Particular attention has 
been given to the northern regions of the country, characterized by water-stressed 
climates and the predominance of water-intensive industries. The region of 
Antofagasta, and the region’s homonymous capital city with a population of 439,000, is 
situated close to the coast (PopulationStat, 2020). Thus, the city of Antofagasta has been 
chosen as a representative case for this study for coastal water-stressed regions.

In 2003, the largest drinking water desalination plant in Latin America, the Planta 
Desaladora Norte (previously called La Chimba), was installed in Antofagasta with the 
goal of providing 100% of the city’s drinking water. The plant currently produces 91.24 
ML/day and supplies over 83% of the urban population (Barnett, 2020). Located within 
one of the driest regions in the world, this desalination plant has generated positive 
impacts for Antofagasta and provides a continuity of drinking water service for the 
citizens. However, there is mistrust for the direct consumption of water, primarily moti-
vated by a strong communal memory of historically high arsenic contamination and 
organoleptic issues related to taste, colour and odour. Studies such as those of Fragkou 
and McEvoy (2016) indicate that 73% of citizens are not satisfied with the quality of the 
drinking water, and 82% believe that consuming water directly is harmful to their health, 
resulting in strong preference for bottled water. With regards environmental impact, 
there is insufficient consensus regarding the influence of the plant has on the marine 
biota – fishermen argue that marine life has decreased because of the desalination plant’s 
activities (Barnett, 2020), while the plant operators argue that it has no impact on marine 
biota (Aguas Antofagasta, 2019). The plant has no independent energy source and is 
currently running on the central national energy system, which in turn is 63% based on 
fossil fuels (Agencia de Sostenibilidad Energetica, 2019).

In Chile, the national and regional governments mandate the normative and legislative 
contexts, but each municipality is responsible for the management of the water in its 
jurisdiction, in this case the Municipality of Antofagasta. The municipality has, like most in 
the country, a private subcontractor in charge of water supply (i.e. the Colombian firm 
Aguas Antofagasta) and collection of wastewater (the Chilean private–public company 
ECONSSA [Concessionaire of Sanitary Services of Antofagasta]). All relevant actors of the 
water sector are summarized in Table 2. The stakeholders with high influence and the 
most interest (key players) were identified as ECONSSA, Aguas Antofagasta, the 
Municipality of Antofagasta, the General Directorate of Water (DGA) of the Ministry of 
Public Works and the CREO (Private-Public Organization for Dialogue). The stakeholders 
with a high interest but low influence (subjects) are neighbouring communities, the 
University of Antofagasta, the Catholic University of the North and other scientific 
communities.
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Data collection was done in two principal manners: desk research and on-site data 
collection. In March–June 2019, information was obtained from scientific articles, reports 
and policy documents, from which a preliminary scoring of each indicator was made. The 
TPF and CBF (see materials A and B in the supplemental data online) include merely 
quantitative scores that were mainly scored through desk research, and interviewees 
either verified or provided additional information to improve the accuracy of the scores. 
Although the GCF relied on policy analysis and literature, more emphasis was put on the 
perspectives of the interviewees. A total of 20 interviews (Table 3) were conducted in 
June–July 2019. These interviews were face-to-face semi-structured and lasted about 
one hour. The predefined questions (see Material C in the supplemental data online) 
and the interviewee area of expertise, role and responsibility formed the starting points of 
tailored questions to adequately score the indicators. Professionals with different back-
grounds and responsibilities were selected to reduce the risk of bias. A coding system is 
applied in this paper to consistently refer to these anonymized interviews.

Results

In the results we first discuss the TPF and CBF key findings in order to obtain a holistic 
understanding of the current status of urban water management in Antofagasta. Next, the 
GCF provides a more in-depth analysis of how well stakeholders and authorities are able 
to govern the challenges related to the provision of desalinized water in the water-scarce 
region of Antofagasta.

Trends and Pressures Framework (TPF)

A total of 24 descriptive indicators within the social, environmental, financial and national 
governance categories are used in the TPF to evaluate the context that Antofagasta faces 
(Figure 1). The key indicators of concern for Antofagasta are heat risk, education rate, 
water scarcity and water quality. Heat risk is of great concern because the combined 
number of tropical nights and hot days in a year is more than 77 (Villarroel & Paola, 2013) 
and the city has a green/blue urban area percentage of only 0.003%. Education rate is 
evaluated as a concern based on a primary education rate of 93% (World Bank, 2013). The 

Table 3. Number of interviewees per stakeholder organization.
Organization Interviewees

Aguas Antofagasta (AA) 5
Ministry of Public Works (MOP) 2
National government – Regional Deputy 1
Superintendence of Sanitary Services 1
CREO 1
CREA – University of Antofagasta 1
CEITSAZA – Catholic North University 1
University of Antofagasta 1
ECONSSA 1
Municipality of Antofagasta 3
Mining Company Lomas Valles 1
Neighbourhood Organization Central Area 1
Neighbourhood Organization Las Rocas 1
Total 20
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indicator water scarcity, also evaluated a concern, shows that 99% of total renewable 
freshwater resources (consisting of both groundwater and surface water) are abstracted in 
the region. Furthermore, it is calculated that the abstracted groundwater represents 391% 
of the annual groundwater recharge of the region (DGA & World Bank, 2013). These 
numbers indicate that the vast majority of surface waters is depleted, and groundwater 
reservoirs are decreasing drastically. Water quality is also considered a concern, as 59% of 
the region’s waters are considered to have less than good ecological status (EPI, 2010). 
The factors concerning political instability, unemployment rate and inflation rate have 
been scored as a medium concern, while the burden of disease and economic pressures 
are a low concern. It is worth mentioning that although there are currently no concerns 
with respect to political instability and economic pressures, recent social uprising in the 
country can influence these indicators in the near future.

City Blueprint Framework (CBF)

The City Blueprint Performance of Antofagasta shows important strengths and weak-
nesses of the city’s water resources management. Access to drinking water and sanitation 
(indicators 1–3) score highly. The operation cost recovery (indicator 14) is high, indicating 
a sustainable financing of water services. Drinking water consumption (indicator 23) is 
relatively low and thus scores highly. The lowest scoring indicators relate to the treatment 
of wastewater and solid waste (indicator 5, 7–10, 16 and 17) leading to environmental 
pollution. Because stormwater is not separated (indicator 11), it cannot be used for non- 
potable purposes. Notably, water system leakages are over 30% (indicator 13), leading to 
the spilling of not only water but also the energy necessary for the desalinization process. 

Figure 1. Trends and pressures framework results of the city of Antofagasta, Chile. The principal 
message is the bluer the better. Indicators score between 0 (low) and 10 (high). This holistic water 
management assessment shows that, amongst others, freshwater scarcity, groundwater scarcity and 
biodiversity are limiting conditions. For more information on the calculation of this framework, see 
Material A in the supplemental data online.
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Figure 2 shows that environmental pollution (indicators 4–6 and 15–17) and spilling of 
water and energy (indicators 8, 9, 13, 16 and 22) are high in Antofagasta. Interestingly, the 
drinking water quality (number of samples complying with local standards; indicator 3) is 
high. Water quality perception issues are therefore likely to be more related to organo-
leptic parameters (colour, smell, taste and turbidity).

Governance Capacity Framework (GCF)

Figures 3 and 4 summarize Antofagasta’s current governance capacity to address water 
scarcity. Overall, water scarcity and the steep increase in water demand as well as the 
environmental impact of desalinization are generally not perceived as urgent and little 
effort has been made to promote ecological conservation (indicators 1.2 and 1.3). The 
window of opportunity for entrepreneurial agents (indicator 6.1) to innovate is limited. 
Furthermore, the division of responsibilities, management fragmentation and poor eva-
luation of existing policy and management practices are important points for improve-
ments (e.g. indicators 2.3, 5.3, 6.1 and 7.2). On the other hand, existing goals, such as 
a regional centralized desalinated-water distribution network, are both ambitious and 
realistic (indicator 5.1) and there is a strong consensus that adaptation is crucial for the 
development of the region (indicator 5.2). The nine governance conditions shown in 
Figure 3 are the average of three indicator scores, which are substantiated in detail below.

Figure 2. City blueprint framework results of the city of Antofagasta. The principal message is the 
bluer the better. Indicators score between 0 (low) and 10 (high). This holistic water management 
assessment shows that, amongst others, wastewater treatment and water system leakages perform 
poorly. For more information on the calculation of this framework, see Material B in the supplemental 
data online.
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Condition 1: Awareness
The region of Antofagasta has a history of extremely dry conditions (NE004, NE006, NE007, 
NE009, NE013 and NE01), yet citizen knowledge regarding the long-term water stress implica-
tions or possible preventative actions is low (indicator 1.1: NE003, NE004, NE010, NE014, 
NE015 and NE017). There is distrust of the quality of tap water due to the collective memory of 
historic levels of contaminants (e.g., arsenic) (NE002 and NE005) (Aguas Antofagasta, n.d.), 

Figure 3. Governance capacity of Antofagasta, by each condition. Each condition is the average of the 
corresponding three indicators, as shown in Table 1 and Figure 4. The Likert scoring ranges from very 
encouraging (++) to very limiting (–) to the overall capacity of stakeholders to govern secure drinking 
water in the water-stressed region. For more information on the calculation of this framework, see 
Material C in the supplemental data online.

Figure 4. Capacity of Antofagasta to govern its desalinized drinking water supply. The 27 indicators 
are ranked clockwise from most limiting (–) to most encouraging (++) as regards overall governance 
capacity.
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which extends to mistrust and misinformation regarding the current quality of desalinated 
water (NE003). The water supply security provided by the plant diminishes perception of 
water scarcity or water conservation as relevant issues (indicator 2.2: NE002, NE013, NE015 and 
NE017). Furthermore, there is little awareness amongst local stakeholders about the resources 
that go into desalination, or its impacts on the ecosystem (NE002, NE004, NE008 and NE015), 
and consequently no sense of urgency regarding environmental degradation (NE013). There 
is little or no effort to reduce water use at the household level (indicator 1.3: NE002, NE009 and 
NE015), resulting in an average domestic water consumption of 180 litres/person/day (NE003, 
NE005 and NE009). Only a minority of citizens, some independent initiatives and the public 
sector seek promotion of sustainable practices (NE002, NE005 and NE015).

Condition 2: Useful knowledge
Useful knowledge evaluates the comprehensibility of available information for interpreta-
tion and analysis. Comprehensible information about the water utility’s (i.e. Aguas 
Antofagasta’s) activities are shared on social media (NE003, NE007, NE008, NE011, 
NE014, NE017 and NE019). Accurate technical information for water production, treat-
ment and operation of the desalination plant is available (NE017) and national studies 
such as water scenarios (Escenarios Hídricos) by the Foundation Chile (Fundación Chile) 
provide decent and reliable knowledge (NE006, NE009, NE012 and NE015). Information is 
limited with respect to a holistic understanding of the available water resources, their 
utilization and ecological conditions (indicator 2.1: NE004, NE014 and NE017). For exam-
ple, as a result of insufficient capacity of the DGA, auditing and documentation of water 
rights and their exploitation are weak and often not up to date (NE019). Existing informa-
tion regarding the region’s water resources and their use is accessible (indicator 2.2: 
NE010, NE014 and NE017), mostly online, and often not easily comprehensible to non- 
experts (NE002, NE003, NE006, NE007, NE009, NE011 and NE015), which results in an 
inequality of access to knowledge (NE019). A simple example is that of the units of the 
data published; water permits production volumes are given in L/s, yet volume charged to 
consumers is given in m3, making it difficult to visualize or relate (NE003).

Condition 3: Continuous learning
Continuous learning is key for adapting to evolving situations and uncertainties. 
Monitoring capacity (indicator 3.1) is particularly limited and outdated within the public 
sphere (NE002 and NE016), attributed to scarce resources. The regional DGA currently 
employs only four people responsible for monitoring over 200 locations over 126,050 km2 

(NE005) (BCN, n.d.). Consequently, efforts focus on water rights use auditing, with little 
capacity left for further data analysis. The private sector has higher capacity for monitor-
ing internal processes (NE002 and NE016). Evaluation of policy and implementation 
(indicator 3.2) is also inflexible within the public sector, while the private is seen to 
adapt faster. At a national level, the revision of norms within the public administration 
is a lengthy process, taking over five years (NE003, NE006, NE008 and NE009). The legal 
base for water management, the Water Code adopted in 1981, was modified in 2005 after 
13 years of discussion. It allows for private ownership of water rights as well as their free 
transferring – a framework under constant dispute, receiving opposition from those who 
believe the resource should be safeguarded by the state. This division of opinion plays an 
important role in the discontinuity of evolving norms (NE016). Furthermore, large-scale 
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desalination is a new phenomenon that is not treated appropriately by the law, in aspects 
of operation as well as the treatment of discharge waters (NE013). Water quality para-
meters such as boron and the Langelier Index and regulation of discharge are absent 
(NE09 and NE013). Cross-stakeholder learning (indicator 3.3) is a positive indicator, since 
strong efforts for discussion between sectors can be observed at the local level (NE006, 
NE013, NE014 and NE016). Collaborations between local universities, the municipality, 
CREO, Aguas Antofagasta, the Superintendent of Sanitary Services, the Ministry of Public 
Works and the DGA have resulted in numerous educational programmes, seminars, 
worktables and training sessions with the aim to improve public knowledge, share 
expertise and target particular issues (NE002, NE008, NE012–NE014, NE016 and NE017).

Condition 4: Stakeholder engagement process
Communication between Aguas Antofagasta and citizens is adequate with respect to the 
quality and continuity of the water supply, having improved information availability and 
consultation channels (e.g. WhatsApp, Twitter and an emergency number) in recent years 
(NE010, NE016 and NE019). However, the level of stakeholder participation in the deci-
sion-making process (indicator 4.1) is low, mostly informative or consultative, untimely 
with little binding (NE004, NE006, NE008, NE011, NE014 and NE019). There is a strong 
centralization within both the public and the private sectors (NE005, NE006, NE014– 
NE017 and NE019). The indicator protection of core values (indicator 4.2) evaluates the 
confidence that stakeholders feel with regards their core values being respected. With 
regards the sanitary sector, namely the health and wellbeing of citizens, some question 
the capacity of the law to ensure access to water; the historic privatization of the resource 
has resulted in water being traded on the free market, with powerful entities being able to 
purchase abundant water permits. In a region where water resources are so scarce, this is 
believed to be an important root of power and wealth imbalance. Particularly in rural 
areas, conflicts arise due to the discordance between commercial interests of the pro-
ductive sector and those of indigenous communities who require water for basic needs 
(NE004 and NE005). Thus, it can be perceived that the system of private ownership of 
water rights, while aiming to optimize the resource’s use, is unable to fully protect the 
values of local communities and the needs of those with limited economic resources 
(NE011). Procedures within the water sector, such as water permit applications and 
maritime concessions, are clear with standardized guidelines, but lengthy, unintuitive 
and inflexible (NE003, NE009, NE012, NE013 and NE019).

Condition 5: Ambitious and realistic goals
The goals of the water sector of Antofagasta are considered very ambitious and realistic 
(indicator 5.1). With unique initiatives such as The Antofagasta Recycled Water System 
(SARA) by CREO, the city is developing the treatment and reuse of municipal wastewater for 
green public areas (NE012, NE013 and NE019). Another ambitious and realistic idea yet 
being developed is a centralized regional interconnected water network of pipelines 
(similar to an electricity grid), where fresh water from the mountains as well as desalinated 
water can be distributed across the region (NE003, NE004, NE006, NE011, NE017 and 
NE018). However, it is important to mention that particularly neighbourhood communities 
feel that the sanitary service still fails to meet basic expectations (NE008), and ambitions are 
out of sync with the reality of mistrust in tap water (NE011). The indicator discourse 
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embedding (indicator 5.2) evaluates whether management ambitions match dominant 
values and principles. This indicator is evaluated low since the political and normative 
spheres do not reflect the need for particular legislation for the northern regions of the 
country. Only in 2005 was the national water quality law NCh 409 modified to restrict 
arsenic concentrations to 0.01 ppm, despite the previously high values (Aguas Antofagasta, 
n.d.). In line with the above, management cohesion (indicator 5.3) is also scored as a limiting 
indicator. The Water Code, environmental system and primary norms are centralized, the 
same across the whole country, and do not consider the significant regional differences in 
geographical characteristics, technical capacities and financial resources (NE003–NE006, 
NE013, NE016, NE018 and NE019). A regional application of norms is lacking.

Condition 6: Agents of change
Agents of change refers to the motivation of people in any position (of power or non-power) 
and the support given to their efforts to change currents approaches. Our results depict that 
there are numerous opportunities for funding and support for both public and private 
initiatives of entrepreneurial activities (indicator 6.1: NE004, NE006 and NE015). The water 
utility Aguas Antofagasta offers problem-solving programmes for university students 
(NE003). The Espacio Atacama local co-work, run by the My North Foundation (Fundacion 
Mi Norte), offers an ‘incubator’ system for small and medium-sized enterprises (NE006). The 
municipality offers community development programmes to guide incentives (NE012). The 
National Fund for Regional Development (CORFO) offers financial support for entrepreneur-
ial incentives. Despite all the above, practically no entrepreneurial activity is present within 
the water sector (NE003, NE007, NE017 and NE019). The only active initiative known is 
Aquaservax (supported by Antofaemprende), which offers consumption-reduction devices 
for domestic use (NE019). As a cause, some perceive the opportunities as weak, short term or 
lacking technical support (NE006, NE014 and NE019). Others mention normative barriers or 
economies of scale as barrier for smaller businesses (NE017). The extent to which stake-
holders are able to build trust-collaborations and connect business (indicator 6.2) is scored 
as indifferent. Worktables and committees conducted between diverse actors provide 
frequent opportunities for interaction (NE013 and NE014) and there is adequate trust and 
disposition for collaboration between the main stakeholders (NE004 and NE016). An exam-
ple is the incentive CREO, which aims to construct participatory long-term strategic city 
planning (NE016). Nonetheless, some identify a lack of a common goal for the actors of the 
water sector (NE004). Finally, the extent to which actors are able to effectively push forwards 
long-term strategies (indicator 6.3) is also scored indifferent. Within the public sector the 
Superintendent of Sanitary Services formulates ‘development plans’ with outlook for 
15 years and the first five years being binding (NE016). The DGA develops the Strategic 
Plan for the Management of Hydraulic Resources (NE012). However, the projections of these 
efforts are perceived as insufficient considering the complexity of the local environment 
(NE010). There is a sense of regional resentment towards the central government, a feeling 
that the region’s resources are being exploited for short-term national economic wealth 
(NE010 and NE012). A long-term unified strategy or vision for sustainable water manage-
ment does not exist (NE004 and NE010), and overall application of strategic planning is 
sectorial and fragmented (NE016).
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Condition 7: Multilevel network potential
Room to manoeuvre (indicator 7.1), which evaluates the opportunity that actors have to 
explore different alternative pathways, is scored as indifferent. This is due to inflexible 
national norms and long-lasting procedures for obtaining permits limit the possibilities 
for action (NE003 and NE007), particularly for the drinking water provision and sanitary 
sector (NE004). For example, a new law (10.795-33) currently in the Senate seeks to 
discourage sanitary services from performing non-regulated services, such as selling 
treated water for recycling (NE004). The division of responsibilities (indicator 7.2) is also 
considered a limitation. Studies by Akhmouch (2012) and the DGA and World Bank (2013) 
highlight that Chile has one of the highest levels of fragmentation of responsibilities when 
it comes to water-related competences, with over 40 authorities involved in the sector 
(NE019). Mapping these, it can be observed that there are areas of overlap as well as gaps 
(NE004, NE005) (OECD, 2015). The basic responsibilities of the sanitary sector are clearly 
and strictly formulated (NE003, NE006, NE012 and NE019) between the water utility Aguas 
and ECONSSA (SEMBCORP) (NE002, NE013, NE010 and NE016). This separation is 
a reflection of the historic separation of concessions in the sanitary service, and results 
in a dilution of long-term responsibilities between the two companies (NE016). Public 
administrations, namely the Superintendent of Sanitary Services, DGA and the munici-
pality monitor compliance, assign permits and manage aspects of urbanistic planning 
respectively (NE003, NE005, NE017 and NE009). These institutions, however, can have 
uncoordinated or overlapping incentives that lead to inefficient allocation of funds 
(NE006 and NE017). It is identified that the legitimate forms of power and authority are 
rather restricted to addressing the sustainable production and use of desalinized drinking 
water (indicator 7.3: NE006 and NE019) (DGA & World Bank, 2013).

Condition 8: Financial viability
Affordability for basic water services is limited (indicator 8.1). Full coverage of sanitary 
service is available to Aguas Atofagasta’s operational area (NE007, NE011, NE013 and 
NE016); however, large outskirts of the city, mostly composed of immigrant neighbour-
hoods, are not connected (NE006, NE008, NE009, NE011 and NE017). Furthermore, 
Antofagasta has one of the most expensive tap water tariffs in the country (NE003, NE005, 
NE011, NE013, NE015 and NE016). Antofagasta’s inhabitants pay 1500 pesos/m3 for the 
water service (Aguas Antofagasta, 2018), which can triple during the summer period, as 
a result of the gradual increase in the tap water tariff during the period December–March for 
households that consume over a calculated average of the population. Climate adaptation 
measures, such as water collectors or filters, are scarce and not accessible (NE008). The state 
has responded to this by implementing subsidies for the most vulnerable families (NE007 
and NE014). It must be noted that the price of tap water is calculated based on a ‘model’ 
company that does not consider the costs of desalination (NE003 and NE004). Consumer 
willingness to pay (indicator 8.2) is rather low. There is a lack of understanding and mistrust 
in the calculation of the tariffs and generally resentment towards the sanitary sector, mostly 
based on the historic levels of contamination of arsenic, service interruptions and bad 
odours during the implementation of the desalination plant. As a result, citizens would 
not be willing to pay more (NE004, NE008, NE011 and NE015). The consumer has high 
expectations of tap water, but limited understanding of what the service entails or what 
their responsibilities are (NE004 and NE015). Finally, financial continuation (indicator 8.3) is 
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considered indifferent. Private companies, particularly Aguas Antofagasta and mining com-
panies, have stable financial resources for innovation (NE004, NE007, NE017 and NE019). 
However, due to the private actor’s diverse objectives their financial allocation can be 
fragmented (NE016). Furthermore, some perceive that decisions can be made to benefit 
investors or investments can be postponed unless absolutely crucial (NE019). This can be 
evidenced by the low reposition rate of the pipeline network of 0.6%/year (NE019), suggest-
ing that the pipeline system as a whole is repositioned after 167 years. Basic activities of the 
DGA, such as flow measurement, involve constant and predictable costs and are performed 
continuously (NE005). The public administration, however, has insufficient and discontin-
uous funds for improving infrastructure, maintenance, follow up of projects or overall 
innovation (NE006, NE012, NE014, NE016–NE019) (DGA & World Bank, 2013).

Condition 9: Implementing capacity
Policy instruments (indicator 9.1) are used scarcely to stimulate desired behaviour. At 
a citizen level the only policy instrument used is a gradual increase in the tap water tariff 
during the period December–March for households that consume over a calculated 
average of the population (NE003, NE005 and NE006). There is disagreement on whether 
this is successful; some claim it pushes for a reduction in consumption (NE013) and others 
believe it is unrealistic and harmful, as citizens’ consumption is by need higher in summer 
(NE008). Municipal subsidies for water bills for the most vulnerable families are an 
important and helpful instrument (NE003, NE005 and NE008). At a commercial and 
industrial level there are no particular norms to stimulate efficient use of the resource 
(NE013, NE016 and NE019), which can be seen in the pipeline network leakages of 32% 
(NE019). Furthermore, a penalty for not using one’s water rights (and even the risk of 
losing it) aims to encourage the optimal economic use of water resources (Bravo & Blanco, 
2014). With regards statutory compliance (indicator 9.2), existing legislation is complied 
with (NE002, NE004 and NE017). Particularly the water utility Aguas Antofagsta and the 
industrial sector are perceived to have high compliance with regards water quality, as 
a result of the firm’s monitoring of Superintendent of Sanitary Services (NE002–NE004, 
NE007, NE009 and NE013) – observing a compliance level of 99.4% with national drinking 
water quality criteria. Yet, some legislation is still weak or unclear, for example, with 
regards the treatment and deposition of residual water, in which compliance is still poor 
(NE007, NE013 and NE017). Finally, the level of preparedness for gradual or sudden events 
(indicator 9.3) is evaluated as positive, mostly attributed to the well-coordinated division 
of roles for scenarios of emergencies, resulting from the vast experience that Chile has 
with natural disasters (NE005 and NE006). Some vulnerabilities remain nevertheless. 
Antofagasta is very vulnerable to precipitation as there is no infrastructure for rainwater 
drainage, and recently rain events have been occurring more frequently (NE002, NE003, 
NE005 and NE014). The city is one of the only in the country that operates a dual-provision 
system (desalinated and continental water) that can complement or substitute each other 
(NE003, NE005, NE007 and NE012). In case of failure of both, in theory the city has existing 
reservoirs that enable continued water provision for 36 hours. However, this back-up 
water reservoir is not always full or readily available (NE009). The desalination plant itself 
faces a major challenge of securing energy independence, as currently it is entirely 
dependent on the national system (NE013) and chlorine storage as it is dependent on 
weekly importation (NE009). Expanding the operational area of the sanitary system, 
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renovating pipelines, reducing air/water contamination, creating contingency plans and 
regional water interconnection are perceived as the next challenges to tackle (NE004, 
NE010, NE012 and NE014).

Discussion

The principal barriers identified for the effective implementation and governance of 
a desalinated water system are the perception and trust of consumers, a lack of awareness 
and action in response to environmental impacts, and the water–energy nexus. The 
recent literature and opportunities for these challenges are discussed below.

Perception and trust

Antofagasta has a very high compliance with national drinking water quality criteria 
regarding chemicals and metals, turbidity, presence of microorganisms and organoleptic 
parameters (colour, smell, taste and turbidity) (SISS, 2019). With regards chemicals and 
metals, national legislation is predominantly in line with international guideline of the 
WHO on safe drinking water quality (WHO, 2017). With regards turbidity, total dissolved 
solids (TDS) and organoleptic parameters, however, significant differences are found 
between the Chilean legislation and the WHO’s recommendations. For example, the 
WHO states that a TDS concentration > 1000 mg/l become significantly unbearable to 
consumers, while at present the Chilean norm allows for up to 1500 mg/l. The recom-
mendation for turbidity is < 0.1 nephelometric turbidity units (NTU), however the national 
limit is 2.0 NTU. The recommendation for sulphates (which cause odour) is 250 mg/l, and 
the national limit is 500 mg/l. Thus, despite meeting the criteria to ensure a healthy 
drinking water supply, organoleptic parameters exceed international standards of taste, 
colour and odour – which in part can explain the strong citizen rejection. Until the 1990s, 
health-related quality parameters were widely accepted as the sole indicator of drinking 
water standards. However, today the public plays an increasingly important role in 
determining acceptable levels of drinking water properties and safety (Miguel De 
Franca, 2010). Water organoleptic parameters, particularly taste, are paramount for quality 
perception, service satisfaction, willingness to pay and the selection of water sources, 
including desalinized water (Gorden, 2000; Miguel De Franca, 2010). The importance of 
these parameters should not be underestimated on the basis of lacking health implica-
tions. Water testing must include measurements of physicochemical properties, biofilm 
presence and organoleptic parameters (Shomar & Hawari, 2017). Furthermore, qualitative 
research on water organoleptics suggests that people prefer what they are used to, and 
frequent changes in quality, such as the gradual expansion of the desalinated supply 
throughout Antofagasta, are inversely associated with quality acceptability and water risk 
judgements (Syme & Williams, 1993). Foreseeable changes in organoleptic parameters, for 
instance, owing to upgrades in the water distribution or treatment system, must be 
anticipated and communicated.

In addition to organoleptic parameters, consumer perception of water quality and 
acceptance results from a complex interaction of numerous additional factors. These 
include trust in water suppliers and regulators, risk perception, attitudes towards water 
chemicals, prior experience and information reception (Baker, 1998; Johnson, 2003; 

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 757



Miguel De Franca, 2010; Nancarrow et al., 2010). Trust in companies, organizations or 
governmental institutions is linked to the perception of water quality and risk, and thus 
acceptability (Johnson, 2003; Poortinga & Pidgeon, 2003), although the causal order of 
this relationship is not clear (Bratanova et al., 2013; Miguel De Franca, 2010; Syme & 
Williams, 1993). A lack of trust in water companies motivated by the scepticism that these 
actors are motivated principally by their financial benefits, as is observed in Antofagasta, is 
a common phenomenon (Miguel De Franca, 2010). Factors that can improve the relation-
ship are perceptions of care, value similarity, competence, integrity, cooperation and 
openness, and a sense of fairness and equitability within the water provision system 
(Nancarrow et al., 2010). Particularly a large portion of consumers express that the 
presence of chemical pollutants in drinking water is a principal concern (Miguel De 
Franca, 2010). A higher perception of risk has also been related to the perception of 
prior negative outcomes resulting from the system (Nancarrow et al., 2010). These 
experiences can provide the basis for the interpretation of new information and can 
have a strong effect on perceptions of water quality and acceptability (Miguel De Franca, 
2010). The collective memory of arsenic contamination of drinking water in Antofagasta, 
and the significant health impacts this had on the population, is thus a key factor in 
understanding consumer mistrust and behaviour in this region.

It is widely considered that coherent and accessible information must be available to all 
citizens. Nonetheless some argue that the effect of scientific and technical information alone 
on public perception can be limited (Miguel De Franca, 2010). A statistical experiment by 
Johnson (2003) on 494 residents of New Jersey found that reading water-quality reports did 
not shift customers’ evaluations of water quality and utility performance from the evalua-
tions of those in the control group, who did not see a report. The recommendation is not 
against the provision of such reports, but it rather highlights the challenge of effective 
communication, the limitations of scientific reporting and the need to complement infor-
mation channels. For example, interpersonal sources of information, consisting of family 
members and friends are believed to also have a strong influence on perceptions, often 
overlooked in the drinking water context (Park et al., 2001). Thus, as a transferable lesson, 
education at the school, community and other levels aiming to promote understanding of 
drinking water issues should be transversal across generations (Miguel De Franca, 2010).

Environmental impact

Technological advances have resulted in the development of new and efficient desalina-
tion processes; however, the costly handling of brine, a hypersaline concentrate discharge 
associated with negative environmental impacts (Jones et al., 2019), remains a principal 
challenge. Major concerns are related to the ecological effects associated with the physio- 
chemical alterations to receiving environments and the contamination with toxic chemi-
cals around brine discharge locations which pose risks to local ecosystems. On average, 
for every 1 m3 of desalinated water, 1.5 m3 of reject brine is produced as by-product 
(Jones et al., 2019).

Traditionally a limited number of discharge methods has been used to dispose of brine, 
including deep well injection, land disposal evaporation ponds and mechanical/thermal 
evaporation (Afrasiabi & Shahbazali, 2011; Dawoud & Al Mulla, 2012; Jones et al., 2019). 
Nonetheless, these methods are associated with considerable practical and economical 
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challenges (Dawoud & Al Mulla, 2012). Subsequently, in coastal areas the most common 
method is direct discharge into the ocean (Purnama et al., 2003), as is the case in 
Antofagasta. A principal factor of consideration to reduce the extent of this ecological 
impact is the location of the discharge site (Roberts et al., 2010). Dispersion is believed to 
occur faster in deeper waters where currents tend to be stronger (Purnama et al., 2003). 
Subsequently, exposed, open seas are desired for discharge locations (Roberts et al., 2010). 
Dilution can be further enhanced by the release of brine through multiport, submerged 
pressure-driven diffusers (Ahmad & Baddour, 2014). Lastly, a simple method to reduce 
brine salinity is mixing brine with alternative water sources of a lower salinity, such as 
treated wastewater or even seawater before its return to the ocean. In parallel, efforts 
should focus on treating, using or diminishing the volume of brine disposed to surface 
water (Jones et al., 2019). Afrasiabi and Shahbazali (2011) discuss various advanced 
technological processes being studied for the treatment of brine, such as forward osmosis, 
vacuum membrane distillation and direct contact membrane distillation. Using the above 
methods in combination with reverse osmosis, a recovery rate of 89–98% can be achieved. 
Yet other methods seek to recover salts and nutrients from brine, producing commercial 
products and thus aiming to make treatment economically interesting (Dawoud & Al Mulla, 
2012; El-Naas et al., 2010; Pérez-González et al., 2012; Pramanik et al., 2017). The ultimate 
aim of these methods is zero liquid discharge (Xevgenos et al., 2016).

Energy demand

The issue of energy demand was not perceived as a high concern in Antofagasta; however, the 
literature suggests that the water–energy nexus is becoming key to providing both water and 
energy sustainability as the security of both is becoming fundamentally linked (Goh et al., 2017; 
Hamiche et al., 2016; Shahzad et al., 2017). The reduction of costs and the carbon footprint of 
desalination lies in the improvement of energy efficiencies through recovering/reusing waste 
energy and the application of renewable energy (Goh et al., 2017; Li et al., 2018). With regards 
energy efficiency, energy-saving measures such as variable frequency controls for high- 
pressure pumps are essential. Energy recovery devices can be used to exploit reject brine 
pressure, with the potential to recover up to 50% of energy consumed (Goh et al., 2017). Such 
a device is implemented in Antofagasta, though the recovery rate is believed to reach 30% (on 
site visit 2019). Local, regional or national binding standards should be imposed for the 
implementation of energy saving and energy recovery devices on all desalination plants 
installed.

The use of renewable energy alternatives to supply the high energy demands of 
desalination is essential for mitigating environmental impact (Xevgenos et al., 2016). 
This can be achieved through multiple levels of governance simultaneously. For 
a desalination system connected to the national electrical line, such as the case of 
Antofagasta, the national distribution of energy sources is most relevant. For such 
a scenario, policies at a national level must be developed to promote the transition to 
clean energy production and the decarbonization of the network. Simultaneously, avail-
able alternatives of renewable energy should be produced and utilized at local or regional 
scales to enhance the security of drinking water provision. To promote this national or 
regional binding guidelines or norms for the share of renewable energy used for desalina-
tion can be introduced.
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An interesting less developed alternative is the ocean as a source of energy, presenting 
some advantages particular for use in desalination plants. Most desalination plants are 
located in proximity to the ocean, reducing costs of transport. Ocean energy supply is 
predictable and constant and is the densest among renewable energy sources (Li et al., 
2018). Additionally, some of the forms of ocean energy can be directly integrated with 
desalination processes and infrastructural installations, as such presenting potential for 
‘hybrid desalination’ (Goh et al., 2017; Xevgenos et al., 2016). Such systems can theoreti-
cally decrease specific energy consumption of a seawater reverse osmosis system by 
40–58% while also contributing to the reduction of brine discharged to the ocean. The 
potential of ocean energy in combination with desalination plants to ensure a water– 
energy nexus is undoubtedly very promising. However, such installations are yet mostly in 
the form of a pilot, involving considerable investment costs and challenges of scaling. 
Integration of this technology is likely to become feasible in the next decades (Li et al., 
2018), but its infrastructural implications should be considered for long-term planning.

Reflection upon other City Blueprint Approach case studies

The case studies conducted in Quito, Bogota (Schreurs et al., 2018), and the City of Cape 
Town, South Africa (Madonsela et al., 2019), like this study, applied the City Blueprint 
Approach to evaluate integrated water management in metropolitan semi-arid cities. 
Though situated in varying geological and demographic contexts, there are important 
reflections to be made when contrasting these diagnoses. It is observed that whether water- 
related urban issues have been a severe stressor in the past or if they are a recent threat, 
water scarcity is only recently becoming a priority on political agendas. Important innova-
tions are being implemented across the globe; however, as Schreurs et al. (2018) conclude, 
adaptation to climate change ‘is not just a matter of technology’. The importance of 
participation principles, cross-stakeholder learning initiatives and an environment of trust 
for effective collaborations among institutions and the public cannot be underestimated. 
Public awareness of the water system, responsible consumption and use of sanitary infra-
structure requires strengthening to narrow the gap between expert opinions and citizen 
perceptions. Tariff structures are an important area of improvement across studies, and 
volumetric charges (such as increasing fee for large commercial consumers in proportion to 
their consumption) are proposed. A key precondition is that drinking water must be 
affordable for everyone at all times (Grafton et al., 2011). Furthermore, these case studies 
demonstrate that drinking water security, stormwater treatment and wastewater treatment 
require integrated solutions, especially under water-stressed conditions. For instance, the 
construction of grey water systems, rainwater harvesting and the reuse of treated waste-
water for non-potable purposes can be an important factor in reducing water stress and 
optimizing the use of available water resources. Finally, cities are advised to anticipate and 
adapt to changing and uncertain conditions in the contexts of climate change.

Conclusions

Desalination is generally applied to meet rising water demands in water-stressed regions, 
where freshwater sources are no longer sufficient. Nonetheless, it is associated with impor-
tant limitations that can challenge water governance, namely issues of water quality 
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perception, environmental pollution and high energy demands. Our study on Latin 
America’s largest desalination plant for human consumption in the Chilean city of 
Antofagasta sheds light on how to improve the management and governance capacity to 
address water scarcity in similar urban hubs. Results indicate that in order to overcome 
negative perceptions of water quality, water utilities have to implement strict limits on 
organoleptic parameters, improve the trust of consumers and strengthen the relationship 
between consumers, operators and regulators through transparent and intelligible com-
munication. Regarding the environmental impacts of desalinization, these are generally 
neither well known nor perceived as urgent, thus little effort has been made to promote 
solutions to environmental pollution and energy consumption associated with the function 
of desalination plants. Based on our findings we recommend appropriate ecological mon-
itoring and the evaluation of brine treatment methods, while the use of (or transition to) the 
use of renewable energy sources is necessary for diminishing greenhouse gas emissions 
associated with the high energy demand of desalination.

Finally, another drawback stemming from the implementation of desalinization is that 
it can lead to a perceived abundance and comfort within the supply network, offsetting 
prior efforts for water-use efficiency in water-stressed regions. An integrated and coordi-
nated approach seems crucial for ensuring sustainable and equitable water provision and 
customer satisfaction. From our case study findings, we provide the following transferable 
lessons in the form of a priority ladder of water management principles for the correct and 
efficient response to increasing water scarcity in water-stressed regions:

● Ensure access to drinking water for all: the expansion of the service network must be 
anticipated in line with the growth of cities and local urban planning.

● Enhance water conservation: consumption rates must be reduced both by enhancing 
domestic water conservation and by reducing system inefficiencies of pipeline leakages.

● Exploit the often untapped potential of wastewater reuse: under water-stress con-
ditions, fit-for-purpose water reuse must be implemented, recognizing that waste-
water is a largely untapped resource that has much potential to alleviate water stress. 
For this, a legislative framework is required that applies quality criteria per use 
category independently of the water’s origin.

● Explore renewable water resources: additional water resources may provide 
a solution to meet rising water demands if water conservation and wastewater 
reuse have been considered first.

● Desalinate to address the remaining water deficit: if the above measures have been 
taken and water scarcity remains an issue, the implementation of desalination can be 
the next responsible step for meeting water demand in water-stressed regions.

Acknowledgments

Our gratitude is extended to those interviewed in Chile, whose participation in interviews was crucial to 
this investigation: Alday Walter, Buljan Muñoz Hrvoj, Corvacho Betzabe, Corvalan Neira Mario, Gómez 
Corral Jaime, Gonzalez Dias Carlos, Guerra Carlos, Herrera Patricio, Honores Jorge, Jeria Zuvic Vicente, 
Merino Patricia, Jorquera Carlos, Letelier Andres, Merino Nicole, Nunez Urrutia Paula, Portilla Norberto, 
Quiquincha Claudio, Remonsellez Fuentes Francisco, Reyes Arturo, Rodriquez Marcela, Valencia 
Santander Patricio. Furthermore, the Governance Capacity Framework (GCF) used was part of the City 

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 761



Blueprint Approach developed at the KWR Watercycle Research Institute in the context of Watershare 
(http://www.watershare.eu). The City Blueprint Action Group is part of the European Innovation 
Partnership on Water of the European Commission (http://www.eip-water.eu/City_Blueprints).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The research presented in this paper drew on research funded by the Chilean National Commission 
for Scientific and Technological Research (CONICYT), under Fondecyt Regular Project 1181859. The 
European Commission is acknowledged for funding POWER in H2020-Water [grant agreement 
number 687809].

Geological information

Antofagasta, Antofagasta Region, Chile.

ORCID

M. Šteflová http://orcid.org/0000-0001-5265-1604
S. H. A. Koop http://orcid.org/0000-0001-9906-3746
M. C. Fragkou http://orcid.org/0000-0001-6831-4549
H. Mees http://orcid.org/0000-0002-4401-6106

References

Afrasiabi, N., & Shahbazali, E. (2011). Ro brine treatment and disposal methods. Desalination and 
Water Treatment, 35(1–3), 39–53. https://doi.org/10.5004/dwt.2011.3128 

Agencia de Sostenibilidad Energetica. (2019). Chile avanza hacia una matriz energética limpia.
Aguas Antofagasta. (2018). Tarifas actuales. Retrieved February 15, 2020, from http://www3.agua 

santofagasta.cl/empresa/informacion-comercial/tarifas/tarifas-actuales.html 
Aguas Antofagasta. (2019). La desalación cómo solución a la escasez hídrica del planeta. Retrieved 

September 14, 2020.
Aguas Antofagasta. (n.d.). Niveles de calidad – problema del pasado. Retrieved February 15, 2020, 

from http://www3.aguasantofagasta.cl/calidad-del-agua/niveles-de-calidad.html 
Ahmad, N., & Baddour, R. E. (2014). A review of sources, effects, disposal methods, and regulations of 

brine into marine environments. Ocean & Coastal Management, 87(1), 1–7. https://doi.org/10. 
1016/j.ocecoaman.2013.10.020 

Akhmouch, A. (2012) Water Governance in Latin America and the Caribbean: A Multi-level approach 
OECD Regional Development Working papers. 2012/04, OECD Publishing.

Baker, D. (1998). Herbicides in drinking water : A challenge for risk communication, 303–321.
Baraua, A. S., & Al Hosani, N. (2015). Prospects of environmental governance in addressing sustain-

ability challenges of seawater desalination industry in the Arabian Gulf. Environmental Science & 
Policy, 50, 145–154. https://doi.org/10.1016/j.envsci.2015.02.008 

Barnett, J. (2020) The salt they pump back in kills everything: Is the cost of Chile’s fresh water too high? 
The Guardian. Retrieved February 16, 2020, from https://www.theguardian.com/cities/2020/jan/ 
02/the-salt-they-pump-back-in-kills-everything-is-the-cost-of-chiles-fresh-water-too-high 

762 M. ŠTEFLOVÁ ET AL.

http://www.watershare.eu
http://www.eip-water.eu/City_Blueprints
https://doi.org/10.5004/dwt.2011.3128
http://www3.aguasantofagasta.cl/empresa/informacion-comercial/tarifas/tarifas-actuales.html
http://www3.aguasantofagasta.cl/empresa/informacion-comercial/tarifas/tarifas-actuales.html
http://www3.aguasantofagasta.cl/calidad-del-agua/niveles-de-calidad.html
https://doi.org/10.1016/j.ocecoaman.2013.10.020
https://doi.org/10.1016/j.ocecoaman.2013.10.020
https://doi.org/10.1016/j.envsci.2015.02.008
https://www.theguardian.com/cities/2020/jan/02/the-salt-they-pump-back-in-kills-everything-is-the-cost-of-chiles-fresh-water-too-high
https://www.theguardian.com/cities/2020/jan/02/the-salt-they-pump-back-in-kills-everything-is-the-cost-of-chiles-fresh-water-too-high


BCN. (n.d.). Region de Antofagasta. Retrieved February 19, 2020, from https://www.bcn.cl/siit/nues 
tropais/region2 

Bratanova, B., Morrison, G., Fife-Schaw, C., Chenoweth, J., & Mangold, M. (2013). Restoring drinking 
water acceptance following a waterborne disease outbreak: The role of trust, risk perception, and 
communication. Journal of Applied Social Psychology, 43(9), 1761–1770. https://doi.org/10.1111/ 
jasp.12113 

Bravo, D. R., & Blanco, A. V. (2014) Patente por no uso de aguas. Aplicación Práctica Y Conflictos 
Interpretativos. 1–14

Construvo, J., Voutchkov, N., Fawell, J., Pierre, P., Cunliffe, D., & Lattemann, S. (2010). Desalination 
technology: Health and environmental impacts. IWA Publishing & CRC Press.

Dawoud, M. A., & Al Mulla, M. (2012). Environmental impacts of seawater desalination: Arabian gulf 
case study. International Journal of Environment and Sustainability, 1(3), 22–37. https://doi.org/10. 
24102/ijes.v1i3.96 

DGA & World Bank. (2013). Plan Estratégico para la Gestión de los Recursos Hídricos, Región de 
Antofagasta (S.I.T. No 379). 1–349. ARCADIS. Retrieved March 3, 2020, from http://documentos. 
dga.cl/ADM5702.pdf 

El Saliby, I., Okour, Y., Shon, H. K., Kandasamy, J., & Kim, I. S. (2009). Desalination plants in Australia, 
review and facts. Desalination, 247(1–3), 1–14. https://doi.org/10.1016/j.desal.2008.12.007 

El-Naas, M. H., Al-Marzouqi, A. H., & Chaalal, O. (2010). A combined approach for the management of 
desalination reject brine and capture of CO2. Desalination, 251(1–3), 70–74. https://doi.org/10. 
1016/j.desal.2009.09.141 

EPI. (2010). Environmental performance index. Center for International Earth Science Information 
Network. Retrieved April 4, 2020, from http://www.ciesin.columbia.edu/repository/epi/data/ 
2010EPI_country_profiles.pdf 

Essex, B., Koop, S. H., & Van Leeuwen, C. (2020). Proposal for a national blueprint framework to monitor 
progress on water-related sustainable development goals in Europe. Environmental Management, 
65(1), 1–18. https://link.springer.com/article/10.1007/s00267-019-01231-1 

Fragkou, M. C., & McEvoy, J. (2016). Trust matters: Why augmenting water supplies via desalination 
may not overcome perceptual water scarcity. Desalination, 397, 1–8. https://doi.org/10.1016/j. 
desal.2016.06.007 

Gerlak, A. K., House-Peters, L., Varady, R. G., Albrecht, T., Zúñiga-Terán, A., De Grenade, R. R., Cook, C., 
& Scott, C. A. (2018). Water security: A review of place-based research. Environmental Science & 
Policy, 82, 79–89. https://doi.org/10.1016/j.envsci.2018.01.009 

Gilmont, M. (2014). Decoupling dependence on natural water: Reflexivity in the regulation and 
allocation of water in Israel. Water Policy, 16(1), 79–101. https://doi.org/10.2166/wp.2013.171 

Goh, P. S., Matsuura, T., Ismail, A. F., & Ng, B. C. (2017). The water–energy nexus: Solutions towards 
energy-efficient desalination. Energy Technology, 5(8), 1136–1155. https://doi.org/10.1002/ente. 
201600703 

Gorden, S. F. (2000). Water utility of 2050. Journal/American Water Works Association, 92(1), 40–41. 
https://doi.org/10.1002/j.1551-8833.2000.tb08766.x 

Grafton, R. Q., Ward, M. B., To, H., & Kompas, T. (2011). Determinants of residential water consump-
tion: Evidence and analysis from a 10-country household survey. Water Resources Research, 47(8), 
W08537. https://doi.org/10.1029/2010WR009685 

Haddad, B., Heck, N., Paytan, A., & Potts, D. (2018). Social issues and public acceptance of seawater 
desalination plants. In Sustainable desalination handbook (pp. 505–525). Elsevier.

Hamiche, A. M., Stambouli, A. B., & Flazi, S. (2016). A review of the water–energy nexus. Renewable 
and Sustainable Energy Reviews, 65, 319–331. https://doi.org/10.1016/j.rser.2016.07.020 

Hoepner, T., & Lattemann, S. (2003). Chemical impacts from seawater desalination plants — A case 
study of the northern Red Sea. Desalination, 152(1–3), 133–140. https://doi.org/10.1016/S0011- 
9164(02)01056-1 

Jacobsen, B. N. (2012, May) Energy use in water utilities. Green Week 2012.
Johnson, B. B. (2003). Do reports on drinking water quality affect customers’ concerns? Risk Analysis, 

23(5), 985–998. https://doi.org/10.1111/1539-6924.00375 

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 763

https://www.bcn.cl/siit/nuestropais/region2
https://www.bcn.cl/siit/nuestropais/region2
https://doi.org/10.1111/jasp.12113
https://doi.org/10.1111/jasp.12113
https://doi.org/10.24102/ijes.v1i3.96
https://doi.org/10.24102/ijes.v1i3.96
http://documentos.dga.cl/ADM5702.pdf
http://documentos.dga.cl/ADM5702.pdf
https://doi.org/10.1016/j.desal.2008.12.007
https://doi.org/10.1016/j.desal.2009.09.141
https://doi.org/10.1016/j.desal.2009.09.141
http://www.ciesin.columbia.edu/repository/epi/data/2010EPI_country_profiles.pdf
http://www.ciesin.columbia.edu/repository/epi/data/2010EPI_country_profiles.pdf
https://link.springer.com/article/10.1007/s00267-019-01231-1
https://doi.org/10.1016/j.desal.2016.06.007
https://doi.org/10.1016/j.desal.2016.06.007
https://doi.org/10.1016/j.envsci.2018.01.009
https://doi.org/10.2166/wp.2013.171
https://doi.org/10.1002/ente.201600703
https://doi.org/10.1002/ente.201600703
https://doi.org/10.1002/j.1551-8833.2000.tb08766.x
https://doi.org/10.1029/2010WR009685
https://doi.org/10.1016/j.rser.2016.07.020
https://doi.org/10.1016/S0011-9164(02)01056-1
https://doi.org/10.1016/S0011-9164(02)01056-1
https://doi.org/10.1111/1539-6924.00375


Jones, E., Qadir, M., Van Vliet, M. T. H., Smakhtin, V., & Kang, S. (2019). The state of desalination and 
brine production: A global outlook. Science of the Total Environment, 657, 1343–1356. https://doi. 
org/10.1016/j.scitotenv.2018.12.076 

Koop, S. H. A., Koetsier, L., Van Doornhof, A., Van Leeuwen, C. J., Brouwer, S., Dieperink, C., & 
Driessen, P. P. J. (2017). Assessing the governance capacity of cities to address challenges of 
water, waste, and climate change. Water Resources Management, 31(11), 3427–3443. https://doi. 
org/10.1007/s11269-017-1677-7 

Koop, S. H. A., & Van Leeuwen, C. J. (2015). Assessment of the sustainability of water resources 
management: A critical review of the city blueprint approach. Water Resources Management, 29 
(15), 5649–5670. https://doi.org/10.1007/s11269-015-1139-z 

Koop, S. H. A., & Van Leeuwen, C. J. (2017). The challenges of water, waste and climate change in 
cities. Environment, Development and Sustainability, 19(2), 1–34. https://doi.org/10.1007/s10668- 
016-9760-4 

Lange, P., Driessen, P. P. J., Sauer, A., Bornemann, B., & Burger, B. (2013). Governing towards 
sustainability – Conceptualizing modes of Governance. Journal of Environmental Policy & 
Planning, 15(3), 403–425. https://doi.org/10.1080/1523908X.2013.769414 

Lattemann, S., & Hopner, T. (2008). Environmental impact and impact assessment of seawater 
desalination. Desalination, 220(1–3), 1–15. https://doi.org/10.1016/j.desal.2007.03.009 

Li, Z., Siddiqi, A., Anadon, L. D., & Narayanamurti, V. (2018). Towards sustainability in water–energy 
nexus: Ocean energy for seawater desalination. Renewable and Sustainable Energy Reviews, 82, 
3833–3847. https://doi.org/10.1016/j.rser.2017.10.087 

Madonsela, B., Koop, S., Van Leeuwen, K., & Carden, K. (2019). Evaluation of water governance 
processes required to transition towards water sensitive urban design – An indicator assessment 
approach for the City of Cape Town. Water (Switzerland), 11(2), 292. https://doi.org/10.3390/ 
w11020292 

McKinsey & Co. (2009). Charting our water future.
Mees, H. (2017). Local governments in the driving seat? A comparative analysis of public and private 

responsibilities for adaptation to climate change in European and North American cities. Journal 
of Environmental Policy and Planning, 19(4), 374–390. https://doi.org/10.1080/1523908X.2016. 
1223540 

Miguel De Franca, D. (2010). Factors influencing public perception of drinking water quality. Water 
Policy, 12(1), 1–19. https://doi.org/10.2166/wp.2009.051 

Molina, A., & Melgarejo, J. (2016). Water policy in Spain: Seeking a balance between transfers, 
desalination and wastewater reuse. International Journal of Water Resources Development, 32(5), 
781–798. https://doi.org/10.1080/07900627.2015.1077103 

Nancarrow, B. E., Porter, N. B., & Leviston, Z. (2010). Predicting community acceptability of alternative 
urban water supply systems: A decision making model. Urban Water Journal, 7(3), 197–210. 
https://doi.org/10.1080/1573062X.2010.484500 

OECD. (2015). OECD principles on water governance. Organisation for Economic Co-operation and 
Development.

Østergaard, P. A., Lund, H., & Mathiesen, B. V. (2014). Energy system impacts of desalination in 
Jordan. International Journal of Sustainable Energy Planning and Management, 1, 29–40. https:// 
doi.org/10.5278/ijsepm.2014.1.3 

Park, E., Scherer, C. W., & Glynn, C. J. (2001). Community involvement and risk perception at personal 
and societal levels. Health, Risk & Society ,  3(3), 281–292. https://doi.org/10.1080/ 
13698570120079886 

Pérez-González, A., Urtiaga, A. M., Ibáñez, R., & Ortiz, I. (2012). State of the art and review on the 
treatment technologies of water reverse osmosis concentrates. Water Research, 46(2), 267–283. 
https://doi.org/10.1016/j.watres.2011.10.046 

Petersen, K. L., Frank, H., Paytan, A., & Bar-Zeev, E. (2018). Impacts of seawater desalination on coastal 
environments. In Sustainable desalination handbook (pp. 437–463). Elsevier.

Poortinga, W., & Pidgeon, N. (2003). Exploring the dimensionality of trust in risk regulation. Exploring 
the dimensionality of trust in risk regulation. PubMed, 961–972.

PopulationStat. (2020) . Antofagasta, Chile population. World Statistical Data.

764 M. ŠTEFLOVÁ ET AL.

https://doi.org/10.1016/j.scitotenv.2018.12.076
https://doi.org/10.1016/j.scitotenv.2018.12.076
https://doi.org/10.1007/s11269-017-1677-7
https://doi.org/10.1007/s11269-017-1677-7
https://doi.org/10.1007/s11269-015-1139-z
https://doi.org/10.1007/s10668-016-9760-4
https://doi.org/10.1007/s10668-016-9760-4
https://doi.org/10.1080/1523908X.2013.769414
https://doi.org/10.1016/j.desal.2007.03.009
https://doi.org/10.1016/j.rser.2017.10.087
https://doi.org/10.3390/w11020292
https://doi.org/10.3390/w11020292
https://doi.org/10.1080/1523908X.2016.1223540
https://doi.org/10.1080/1523908X.2016.1223540
https://doi.org/10.2166/wp.2009.051
https://doi.org/10.1080/07900627.2015.1077103
https://doi.org/10.1080/1573062X.2010.484500
https://doi.org/10.5278/ijsepm.2014.1.3
https://doi.org/10.5278/ijsepm.2014.1.3
https://doi.org/10.1080/13698570120079886
https://doi.org/10.1080/13698570120079886
https://doi.org/10.1016/j.watres.2011.10.046


Pramanik, B. K., Shu, L., & Jegatheesan, V. (2017). A review of the management and treatment of 
brine solutions. Environmental Science: Water Research and Technology, 3(4), 625–658. https://doi. 
org/10.1039/C6EW00339G 

Purnama, A., Al-Barwani, H. H., & Al-Lawatia, M. (2003). Modeling dispersion of brine waste dis-
charges from a coastal desalination plant. Desalination, 155(1), 41–47. https://doi.org/10.1016/ 
S0011-9164(03)00237-6 

Qdais, H. A. (2008). Environmental impacts of the mega desalination project: The red–dead sea 
conveyor. Desalination, 220(1–3), 16–23. https://doi.org/10.1016/j.desal.2007.01.019 

Roberts, D. A., Johnston, E. L., & Knott, N. A. (2010). Impacts of desalination plant discharges on the 
marine environment: A critical review of published studies. Water Research, 44(18), 5117–5128. 
https://doi.org/10.1016/j.watres.2010.04.036 

Ruth, M., Bernier, C., Jollands, N., & Golubiewski, N. (2007). Adaptation of urban water supply infrastructure 
to impacts from climate and socioeconomic changes: The case of Hamilton, New Zealand. Water 
Resources Management, 21(6), 1031–1045. https://doi.org/10.1007/s11269-006-9071-x 

Schreurs, E., Koop, S., & Van Leeuwen, K. (2018). Application of the City Blueprint Approach to assess 
the challenges of water management and governance in Quito (Ecuador). Environment, 
Development and Sustainability, 20(2), 509–525. https://doi.org/10.1007/s10668-017-9916-x 

Shahzad, M. W., Burhana, M., Ang, L., & Nga, K. C. (2017). Energy–water–environment nexus under-
pinning future desalination sustainability. Desalination, 413, 52–64. https://doi.org/10.1016/j. 
desal.2017.03.009 

Shomar, B., & Hawari, J. (2017). Desalinated drinking water in the GCC countries – The need to 
address consumer perceptions. Environmental Research, 158, 203–211. https://doi.org/10.1016/j. 
envres.2017.06.018 

SISS. (2019). Porcentaje de cumplimiento acumulado por concesionaria.
Syme, G. J., & Williams, K. D. (1993). The psychology of drinking water quality: An exploratory study. 

Water Resources Research, 29(12), 4003–4010. https://doi.org/10.1029/93WR01933 
UN (2020) United Nations Sustainable Development Goals: Goal 6: Ensure access to water and 

sanitation for all. Retrieved August 26, 2020, from https://www.un.org/sustainabledevelop 
ment/water-and-sanitation/ 

UNESCO. (2019) World water development report 2019. Leaving no one behind. Retrieved August 25, 
2020, from https://reliefweb.int/sites/reliefweb.int/files/resources/367306eng.pdf 

Villarroel, J., & Paola, C. (2013). Eventos extremos de precipitacion y temperatura en Chile: 
Proyecciones para fines del siglo XXI. 2013.

Von Medeazza, M. G. (2005). ‘Direct’ and socially-induced environmental impacts of desalination. 
Desalination, 185(1–3), 57–70. https://doi.org/10.1016/j.desal.2005.03.071 

World Bank. (2013). Primary completion rate, total (% of relevant age group). Retrieved April 4, 2020, 
from https://data.worldbank.org/indicator/SE.PRM.CMPT.ZS?locations=CL&name_desc=false 

WHO. (2011) Safe drinking-water from desalination. World Health Organization. Retrieved April 4, 
2020, from http://apps.who.int/iris/bitstream/10665/70621/1/WHO_HSE_WSH_11.03_eng.pdf 

WHO. (2017). Guidelines for drinking-water quality.
Xevgenos, D., Moustakas, K., Malamis, D., & Loizidou, M. (2016). An overview on desalination & 

sustainability: Renewable energy-driven desalination and brine management. Desalination and 
Water Treatment, 57(5), 2304–2314. https://doi.org/10.1080/19443994.2014.984927 

Zhu, Z., Peng, D., & Wang, H. (2019). Seawater desalination in China: An overview. Journal of Water 
Reuse and Desalinisation, 9(2), 115–132. https://doi.org/10.2166/wrd.2018.034

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 765

https://doi.org/10.1039/C6EW00339G
https://doi.org/10.1039/C6EW00339G
https://doi.org/10.1016/S0011-9164(03)00237-6
https://doi.org/10.1016/S0011-9164(03)00237-6
https://doi.org/10.1016/j.desal.2007.01.019
https://doi.org/10.1016/j.watres.2010.04.036
https://doi.org/10.1007/s11269-006-9071-x
https://doi.org/10.1007/s10668-017-9916-x
https://doi.org/10.1016/j.desal.2017.03.009
https://doi.org/10.1016/j.desal.2017.03.009
https://doi.org/10.1016/j.envres.2017.06.018
https://doi.org/10.1016/j.envres.2017.06.018
https://doi.org/10.1029/93WR01933
https://www.un.org/sustainabledevelopment/water-and-sanitation/
https://www.un.org/sustainabledevelopment/water-and-sanitation/
https://reliefweb.int/sites/reliefweb.int/files/resources/367306eng.pdf
https://doi.org/10.1016/j.desal.2005.03.071
https://data.worldbank.org/indicator/SE.PRM.CMPT.ZS?locations=CL%26name_desc=false
http://apps.who.int/iris/bitstream/10665/70621/1/WHO_HSE_WSH_11.03_eng.pdf
https://doi.org/10.1080/19443994.2014.984927
https://doi.org/10.2166/wrd.2018.034

	Abstract
	Introduction
	Analytical framework
	Case study selection and data collection
	Results
	Trends and Pressures Framework (TPF)
	City Blueprint Framework (CBF)
	Governance Capacity Framework (GCF)
	Condition 1: Awareness
	Condition 2: Useful knowledge
	Condition 3: Continuous learning
	Condition 4: Stakeholder engagement process
	Condition 5: Ambitious and realistic goals
	Condition 6: Agents of change
	Condition 7: Multilevel network potential
	Condition 8: Financial viability
	Condition 9: Implementing capacity


	Discussion
	Perception and trust
	Environmental impact
	Energy demand
	Reflection upon other City Blueprint Approach case studies

	Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	Geological information
	ORCID
	References

