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Water reuse is considered a technologically viable option to meet the increasing demands of the domestic, industrial and agricultural sectors. Alongside challenges such as environmental health, infrastructure and regulations, water reuse is often hindered by lack of acceptance and dismissive attitudes. This paper seeks to structure knowledge about acceptance of water use. It provides a systematic look at the overall reuse challenges and social attitudes towards water reuse considering the three integrative elements of water reuse, namely the water source, the technology, and the end use. It first maps the challenges and common insights that constitute the enigma of water reuse acceptance. Later, it conceptualizes acceptance as a social process consisting of the interdependent components of public perception, politicization, individual acceptance, and use adaptation. Using this conceptual framework, solutions to increasing water acceptance stemming from different bodies of acceptance studies are reviewed. The paper reiterates the need for a nuanced view on water reuse acceptance that incorporates spatio-temporal considerations as well as knowledge from different disciplines.
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INTRODUCTION
Water reuse is on the rise worldwide as a viable option for countering scarcities of local water resources. The benefits of water reuse are manifold; e.g., the provision of additional water supply, environmental improvements through decreased discharge of polluted water, opportunities to expand agriculture or recharge groundwater, and additional benefits through the valorization of wastewater for the production of fertilizers or energy (Barnes 2014; Angelakis and Snyder 2015; Duong and Saphores 2015; McClaran et al., 2020). These benefits often exceed the capital costs and negative impacts in many areas, such as Beijing, where the total benefits of wastewater reuse are 1.7 times the costs (Fan et al., 2013). Alongside economic costs, the environmental and social costs (e.g., related to environmental health and public safety) are largely manageable, while the benefits often outweigh these costs (Garcia and Pargament 2015). Water reuse can be a viable option for achieving improved water-use efficiency, reducing water scarcity and mitigating environmental shocks such as droughts (Garcia and Pargament 2015; Brown et al., 2018; Lee and Jepson 2020). As such, it can be seen as an instrument for achieving key sustainability targets such as the Sustainable Development Goals (SDGs) Target 6.3 on sustainable water quality, wastewater treatment and safe reuse, and Target 6.4 on water-use efficiency and water scarcity.
Urban water reuse networks have been growing for the last 50 years and are increasingly deployed in areas experiencing water scarcity (Wilcox et al., 2016). Wastewater treatment, for example, is evolving rapidly, particularly in countries affected by water scarcity and arid conditions as well as the accumulating impacts of climate change (Mu’azu et al., 2020; Scruggs and Thomson 2017; Bichai et al., 2018; Lee and Jepson 2020). As a result, it has been increasing by an annual average of 25% in countries such as the United States, China, Japan, Spain, Israel and Australia (Angelakis and Snyder 2015). Different types of water (e.g., greywater, seawater, wastewater, brackish water, and produced water) can be reused by using different technologies for various subsequent uses such as landscaping, edible and non-edible agriculture, groundwater recharge, industrial purposes and domestic use. Multi-purpose and multi-source water reuse systems exist nowadays in some reuse-pioneering countries such as Singapore, United States, Australia, Japan, some EU countries, Namibia, and increasingly, in countries of the Middle East.
The growth and diversity of reuse supply infrastructure are determined by the ability to overcome the multi-dimensional challenges of large-scale water reuse (van Rensburg 2016; Scruggs and Thomson 2017; Bichai et al., 2018; Lee and Jepson 2020). Despite these challenges, the academic literature reports a positive reception of the idea of water reuse among policymakers, business leaders and public authorities as a solution to a range of external and internal water-use problems (Chen et al., 2015a; Smith et al., 2015). While there is largely positive reception to water reuse as a water supply option, empirical evidence often indicates less favorable attitudes towards the direct use of water for food, drinking, showering or swimming (Fielding et al., 2018). Furthermore, attitudes towards water reuse have been unstable, and this presents a fundamental problem for large-scale water reuse applications. In fact, studies on reactions and attitudes towards water reuse are scattered across individual cases, selected reuse options, and specific technologies. Water reuse acceptance is studied through assessing momentary attitudes (being for or against water reuse at a certain moment), which is a “thin narrative” of the complex acceptance problem (Ching 2016). Furthermore, simple remedies for water reuse (e.g., awareness and campaigns), binary frames (e.g., a yes/no acceptance problem), and narrow disciplinary perspectives have often failed to capture the complex and multidimensional problem of acceptance or to promote water reuse (Russell and Lux 2009; Beveridge et al., 2017). Generalizations from water reuse studies are also difficult due to the wide variety of methods deployed and the lack of contextualization of results.
There is a need to provide insights into improving water reuse acceptance based on examples from a wide range of academic disciplines and a broad understanding of acceptance. This study aims to explore the advancement of the understanding of water reuse attitudes by structuring state-of-the-art knowledge on water reuse acceptance. The paper also proposes a novel, holistic framework for analyzing attitudes towards water reuse as a complex process of social acceptability. This study maps the recent literature referring to (social) acceptance and (public or individual) attitudes depending on water reuse source/technology/end use. First, it introduces water reuse acceptance as one of many interrelated water reuse challenges. Secondly, it structures knowledge of common elements as well as the heterogeneity of perceptions of or attitudes to water reuse across different case studies. While doing this, it also conceptualizes the relationships between the three constituent elements of water reuse (water source, technology, and reuse purpose) and acceptance of the reuse. Thirdly, the paper proposes a framework for understanding acceptance as a long-term social acceptability process consisting of interactional debates on the sub-components of acceptability, namely public perception, politicization, individual acceptance, and use adaptation. Using the conceptual framework, it summarizes perspectives coming from different bodies of research on water reuse acceptance and relates them to the social acceptability process. Finally, remedies to increase the social acceptability of water reuse are presented, and overarching insights are summarized.
IN COMPANY WITH ACCEPTANCE: COMPLEMENTARY CHALLENGES OF LARGE-SCALE WATER REUSE
Water reuse acceptance does not represent the only challenge facing the expansion of water reuse. It is one among several major challenges, which are often interrelated. These challenges bridge technology, science/knowledge, finance, and policymaking, and understanding them is an important initial step in contextualizing the water reuse acceptance issue. If some of these challenges are not solved or are perceived to constitute a problem in a certain case, water reuse acceptance can diminish greatly. As will be explained later in this paper, these challenges present key contextual factors that can affect the outcomes of the public or/and private debates in the social process that engulfs the acceptability of water reuse. This makes it difficult to frame the acceptance or acceptability problem without first examining the prevalence of the challenges on a local level. Based on a review of key literature, this paper identifies six key challenges that can hinder the development of large-scale water reuse or negatively influence the public perception of its safety and usefulness (Table 1). While these are common critical challenges of water reuse, their importance can change from one case study to another.
TABLE 1 | Challenges of large-scale water reuse.
[image: Table 1]Long-term impacts of water reuse on human health and the environment particularly soil are arguably at the forefront of research and public debates. However, evidence from state-of-the-art applications shows that, with appropriate monitoring and multi-barrier technology, public health risks are quite low (Ong 2016; Binz et al., 2018). Successful case studies such as Singapore, or Windhoek in Namibia, confirm the importance of comprehensive regulatory frameworks and clear technological guidelines (Cotruvo 2016; Lee and Tan 2016). Often, the reuse of water for potable purposes is achieved indirectly through, for example, discharge into sources such as rivers and streams in order to augment these sources (sometimes called blended water). Water users can consume reused water indirectly by using these rivers, streams or canals. This Indirect Potable Reuse (IPR) is less associated with social acceptance problems than the Direct Potable Reuse (DPR) (reusing treated water without any blending of it with other water sources). IPR is thus more feasible despite the availability of adequate technologies, policies and regulations to make DPR widely available; e.g., (Horne 2016) for the case of Australia, or (López-Ruiz et al., 2020) for Southern Spain.
Health concerns are found in cases where water reuse infrastructure is still emerging and DPR is not practiced; e.g., Australia (Horne 2016) or the Gulf Cooperation Council (GCC) region (Aleisa and Al-Zubari 2017). For example, studies from Saudi Arabia and Qatar show that the presence of pathogens, chemicals, heavy metals or antibiotics is the primary limiting factor for the reuse of treated wastewater for recharging of aquifers and irrigation (Hong et al., 2013; Jasim et al., 2016; Ouda 2016). There is, nonetheless, agreement on the beneficial potential of water reuse for the GCC region and the technical feasibility of expanding this important option (Aleisa and Al-Zubari 2017; Brown et al., 2018).
The long-term impacts of reused water on different types of soil are relevant considerations for many countries. For example, in Qatar, a salinity of about 1,000 mg/L at treatment plants means that water use for agriculture is problematic (Ministry of Development Planning and Statistics 2016), while excessive nutrients in treated wastewater represent a threat to soil health (Jasim et al., 2016). In reality, more research is required into the long-term impacts of different types of reused water and associated technologies on local soil and crops. Such impacts are largely specific to the case study and the related technology. Studies show that water reuse can have contradictory effects such as an increase in both soil salinity and soil fertility (Al-Hamaiedeh and Bino 2010; Barnes 2014; Chen et al., 2015b). In order to manage such effects, the treatment technology needs to match soil characteristics and the envisioned cropping pattern (Carr et al., 2011; Abegunrin et al., 2016). At the same time, long-term effects of reused water on the water-holding capacity of different local soil types need to be monitored and analyzed (Mohtar 2015).
The complex interactions in water reuse between the required inputs and the impacts or benefits for humans, nature and the economy require comprehensive, multi-level regulations. This need for regulation is more evident in regions with large reuse systems such as in the European Union (EU) or the United States. For example, in the EU, some member states are lagging behind in terms of potable water reuse regulations, while the EU has been reluctant to develop a unified regulatory framework (Fawell et al., 2016). Indeed, the lack of uniform water reuse criteria has been the most important obstacle to the exploitation of the high potential for water reuse in the EU (Paranychianakis et al., 2015). Regulation is the issue most demanded by the sector’s practitioners in the EU (European Commission 2015). While the United States might have more reuse regulations than some EU countries, some national and local regulations require revisions and adaptation to more direct uses as well as emerging issues such as climate variability (Sanchez-Flores et al., 2016). Particularly in the case of DPR, it is important to develop a safety culture in the reuse industry as well as comprehensive regulations for different risks and probabilities (Binz et al., 2018).
Other important and interrelated challenges are those related to markets, infrastructure and strategies/participation (summarised in Table 1). Monetary considerations such as the correct pricing policies, the provision of subsidies and incentives for water reuse projects, and the encouragement of competition represent critical components of any reuse strategies. However, a financial approach to water reuse might fail if not embedded within a broader policy context taking into consideration the overall use of resources. Water reuse strategies should be based on holistic planning to incorporate key issues such as stakeholder participation, public awareness, and integration among policies. The public sector has a key leadership role in such policies since it can act as a regulator, initiator and major financier of water reuse projects. Water reuse needs also to be seen as a major supply option, especially in dry regions, within a broader water security plan. The emergence of water reuse as a viable and renewable supply option is largely dependent on a greater political appreciation of water issues, especially of water quality (Biswas 2016), and the abilities of public sector agents such as the utilities to lead by example (Tortajada and Nam Ong 2016). For example, a strong political will and strict and comprehensive reuse regulations, together with persistent public engagement, can help make DPR a reality, as in famous cases such as Singapore (Lee and Tan 2016) or Windhoek, Namibia (van Rensburg 2016; Lahnsteiner et al., 2018).
A SYNTHESIS OF THE REUSE ACCEPTANCE ENIGMA
With water reuse attracting increased attention as a viable solution to supply shortages, the acceptance challenge has been investigated in many surveys and in-depth case studies. In reviewing this literature, an important question can be formulated: What are the key lessons learnt and the implications from empirical research on water reuse across different case study locations and contexts? In response, in this section, this paper synthesizes some common observations regarding both similarities and discrepancies. This synthesis shows that while there are general acceptance problems across the globe, the solutions need to be based on scientific evidence collected locally and tailored to local circumstances. Comparative studies of water reuse acceptance have been conducted across different locations in the United States (Hartley 2006; Garcia-Cuerva et al., 2016; Scruggs et al., 2020), Turkey (Buyukkamaci and Alkan 2013) and across different countries (Crampton et al., 2016; Hurlimann and Dolnicar 2016). Single-case studies on local acceptance surveys are also available for comparison of similarities and differences. The key insights into similarities and discrepancies in response to water reuse are summarized in the following section.
Similarity Observations
Similarity observations relate to highly aggregated observations from empirical studies on similar public and individual attitudes to water reuse. They have been stable over the majority of surveys, and they represent important starting points for understanding the enigma of water reuse acceptance.
High Support for Water Reuse
In the majority of cases, there is a positive perception of, and a level of high support for, the overall idea of water use as an alternative water source. This might be due to growing scarcities and stresses on water resources. For example, regions experiencing recent droughts are more likely to support reclaimed water (Garcia-Cuerva et al., 2016). Key institutional water stakeholders (e.g., managers, researchers or bigger users, etc.) regard water reuse highly (Chen et al., 2015a). There is an increasing receptivity towards recycling water, and this is especially true for non-potable purposes and in developed regions of the world, e.g., in Europe (Smith et al., 2015). In particular, wastewater reuse is supported by many stakeholders as an important option for water supply augmentation (Duong and Saphores 2015). However, being for or against water reuse might be a misleading “thin narrative”, which needs to be replaced by a more nuanced understanding of individual stances on recycled water (Ching 2016). Furthermore, public responses can be unstable and susceptible to change in the wake of contamination accidents, public debates, rumors, media reports, etc. (Russell and Hampton 2006).
Decrease in Support for Reuse With Close-to-Person Uses
Acceptance of water reuse decreases in cases of close-to-person uses such as bathing, cooking or drinking. This similarity pattern emerges across acceptance case studies (Fielding et al., 2018). Despite the complexity of individuals’ attitudes to contacts with reused water, the less favorable view of close-to-person contacts is stable across locations and users (Chen et al., 2015a). For example, farmers surveyed in Jordan reported a negative opinion on touching reused water or using it for fruit and vegetable cultivation despite the perceived benefits for soil productivity (Carr et al., 2011). Similarly, in Iran, the acceptance of non-personal use of treated wastewater was much higher than for close-to-person uses; e.g., 87% acceptance for public consumption such as landscaping or firefighting vs. 8% for cooking or drinking (Baghapour et al., 2017). Similar attitudes are found in Latin America, e.g., Chile (Segura et al., 2018). This is due to many reason such as the famous “yuck” effect of coming in contact with previously “dirty” water (Duong and Saphores 2015; Wester et al., 2016). This attitude of negativity or disgust can be psychologically, culturally and/or socially constructed; e.g., influenced by the media (Ching 2010). It can also be linked to a complex set of individual and contextual factors, or what Bennett et al. (2010) called “fright factors”, which include issues such as risk exposure and distribution, the level of damage and the level of trust in others and in public and civil organizations. However, ever since the beginnings of research on public attitudes during the 1960s and 1970s, the decrease in acceptance with close-to-person use has been a stable observation that is less affected by psychological or water price factors (Baumann 1983).
Low Awareness of Water Quality and Associated Risks
Awareness and knowledge on water quality and associated risks of water reuse seem to be low across regions. This finding is combined with a high demand from consumers for more information. This is because knowledge of water recycling processes has been confirmed to be quite low across cases (Fielding et al., 2018). Hurlimann and Dolnicar (2016) found knowledge about recycled and desalinated water to be low across all nine surveyed locations and suggested a higher communication and engagement level with communities. Similarly, Buyukkamaci and Alkan (2013) reported a high demand by 375 respondents in Turkey to be told more about the health and food safety impacts of water reuse. In Jordan, farmers’ perceptions did not correspond to the water quality delivered to their farms (Carr et al., 2011). In reality, awareness of health risks is generally low across many surveys of farmers in other locations (Keraita et al., 2010). While low awareness is a salient factor in many surveys, it does not apply to some location such as in Singapore where engagement with the community, the media and the public seems to be relatively high (Lee and Tan 2016). There, the attitudes towards water reuse are more influenced by economic interests, ecological limitations and national security rather than by norms or information (Ching 2016).
Divergence Experiences
Acceptance of water reuse projects is primarily a context-specific issue. Therefore, divergent experiences are expected, while improving acceptance should be addressed with the participation of local stakeholders. In the following section, insights from comparative research are presented with regard to the key reasons behind the locale-specificity and divergence of water reuse acceptance.
Variance With Sources and use Purposes
Water reuse acceptance varies with different water sources and reuse purposes. While acceptance decreases with close-to-person uses, the exact preference order is dependent on the location and the characteristics of the water presented to consumers. Hurlimann and Dolnicar (2016) found that rainwater is more often preferred to desalinated water for the least personal uses (garden watering and toilet flushing), but the differences in the preferred source depend on the purpose use and vary in certain locations. In fact, water originating from desalination (i.e., reused seawater) is widely accepted in many parts of the world for all types of purposes including DPR. Desalination is the main source of domestic water in GCC countries, while it is also used to a limited extent in agriculture (Aleisa and Al-Zubari 2017). In Australia, the factors behind the likelihood of using desalinated water can be similar to those behind the likelihood of using recycled water (wastewater) (Dolnicar et al., 2011). However, this conclusion is site-specific, since accepting one resource type does not automatically indicate a higher willingness to accept other types. In the GCC region, for example, wastewater reuse in agriculture is largely not accepted or practiced despite the overwhelming endorsement of desalination (Brown et al., 2018).
The consumer perception of the quality and health risks of reused water for a specific purpose is affected by other factors beyond the water source (location of collection), use purpose, or treatment technology. For example, Menegaki et al. (2009) found that labeling treated wastewater as “recycled water” would increase its use acceptance. Inaccurate labels such as “toilet to tap” (T-to-T) are used by opponents of water reuse to scare potential consumers. At the same time, events including public figures drinking beer brewed with reused water can help overcome the “yuck factor” (Katz and Tennyson 2018). Figure 1 explains how acceptance of water reuse usually changes with the source and the use purpose of such water. Here, brackish water is understood as being water from lagoons or collected from rain, while greywater is the collected and treated wastewater gathered at household level. The collection source differs, but all water sources need a high level of treatment (e.g., tertiary treatment) to be used for most purposes, especially the close-to-person types.
[image: Figure 1]FIGURE 1 | Typical patterns of water reuse acceptance based on reuse purposes and water sources.
A Plethora of Awareness Determinants
Factors that can increase awareness, acceptance, and trust of water reuse schemes are site-specific; e.g., education, religion, role models, media coverage, etc. The contribution of these specific factors to increasing awareness and ultimately acceptance of water reuse has been reviewed by Fielding et al. (2018), Hurlimann and Dolnicar (2016). Empirical studies show the importance of local conditions, while results are mixed for all determinant categories. One reason for the mixed results might be the heterogeneity of methods and the vagueness of the measured conceptual objects; i.e., whether studies seek to determine the incidents/perceptions/risks related to acceptance, or simply the attitudes of individuals, communities, stakeholders, or the public.
Among the many determinants of awareness and acceptance and despite the inconsistent results across all studies, education, economic and climatic factors seem to stand out in large acceptance surveys, while some other factors can be less substantive factors. These three factor groups (economic wellbeing, education and climate) were the most influential in a survey with 2,800 people in the United States by Garcia-Cuerva et al. (2016), while sex, age, location and the last monthly water bill showed no significant effect. Robinson et al. (2005) show that both men and women in the United States view wastewater reuse for personal uses unfavorably, while high income and education can lead to having greater knowledge on water reuse. Menegaki et al. (2007) showed in the case of Creta, Greece, that factors influencing willingness to reuse water are related to scarcity condition, information and awareness, income, and water price, but that age and sex still played a role. Gender did not, however, play a significant role in surveys in Turkey (Buyukkamaci and Alkan 2013). Aitken et al. (2014) found that demographic factors such as the membership of the Muslim community can lead to less support for water reuse in South-East England, while religion was seen not seen as a limiting factor in the study in Jordan (Carr et al., 2011).
Another often-cited determinant of awareness is the media. Buyukkamaci and Alkan (2013) identified the media as the most important method for informing the community. However, Goodwin et al. (2017) found that media coverage of a proposal to introduce IPR in London (United Kingdom) had no impact on online public reaction. In the case of Australia and New Zealand, Crampton et al. (2016) founded the media to be the least likely information source on drinking water quality for the respondents and stressed the role of expert knowledge, technical plans, and the involvement of communities. Similarly, Dolnicar et al. (2011) did not find any influence of TV watching on attitudes towards water reuse and stressed broader issues such as perception and prior knowledge.
Site-specific Risk Factors and Perception
A key discussion in water acceptance experiences is related to risk perception of recycled water. Risk perception and risk factors differ from location to location. This is also true for trust in public authorities to mitigate and adapt to these risks. Such authorities are largely behind large-scale, technical and centralized water reuse projects (Meehan et al., 2013) and their (lack of) competence is a key factor in assuring the public of safe water reuse. Doria (2010) examined risk and acceptance variables of water reuse and emphasized individual factors related to risk perception as well as contextual factors such as the supply system in general, trust in the suppliers, quality of information provided by media, and public trust. Crampton et al. (2016) found risk perception to be significantly correlated with employment status and sex, with location being insignificant in the case of New Zealand and Australia. Dolnicar et al. (2011) reviewed acceptance surveys and identified trust in the authorities as a key category for determining acceptance. Similarly, Fielding et al. (2018) identified risk perception and trust among many “psychological” factors of acceptance surveys, alongside other issues in this broadly defined category such as social norms, fairness, disgust, environmental issues, knowledge, etc.
Influence of Local Resource Types on Acceptance
The acceptance of water reuse cannot be separated from local factors such as the specific potential depending on available water resources, the exposure to certain forms of water reuse and the reuse practicability in terms of associated costs of treatment and distribution. In some regions, some water sources might be more accepted due to scarcity conditions, and awareness of water scarcity can even increase the likelihood of accepting water reuse (Dolnicar et al., 2011; Fielding et al., 2018; Scruggs et al., 2020). In regions of water abundance, some water sources such as desalination might not be accepted. Other regions have a different acceptance pattern due to differences in resource availability. In the GCC region as an example, desalinated water is largely accepted as it supplies more than 90% of domestic and industrial needs in the region, but it is too costly for irrigation (Brown et al., 2018). In this region, brackish water is available in limited amounts in some cases and can be used for recharging ground water and then reused for drinking or agriculture. Produced water is significant in the oil and gas industry and can be utilized locally or provided in limited amounts for least-personal uses. Greywater represents a high potential due to the very large water use footprints per capita in the region, and it could be reused in the future on a household level for recreation or agriculture. Wastewater reclamation is expanding and is used for all kinds of purposes such as landscaping or aquifer recharge (Aleisa and Al-Zubari 2017). Finally, acceptance of certain water types can be high in urban areas. For example, in Australian cities, the use of stormwater for aquifer recharge and supply augmentation is largely accepted and more positively perceived than recycled wastewater (Mankad et al., 2015).
A STRUCTURING PROPOSITION: SOCIAL ACCEPTABILITY INSTEAD OF ACCEPTANCE
The acceptance of water reuse is understood in this section as a complex and dynamic social process. Following on from viewing water reuse acceptance as one of several interrelated reuse challenges (In Company with Acceptance: Complementary Challenges of Large-Scale Water Reuse) and a critical and site-specific intervention (A Synthesis of the Reuse Acceptance Enigma), this section structures reuse acceptance phases and studies. It seeks to move the debate beyond studying and comparing incidents of acceptance and towards understanding water reuse as a complex social acceptability process. Such a process is structured in order to break down the different concepts and ideas regarding the multi-disciplinary and multi-sphere issue of the social acceptability of water reuse.
The Social Acceptability Process of Water Reuse
In this section, the relevance of understanding attitudes towards water reuse within a broader process of social acceptability is explained. Furthermore, the contents of this process are presented.
Justification and Relevance
Water acceptance studies deliver divergent conclusions with few overarching commonalities, but many local specific factors. The resulting insights from comparisons of acceptance studies cover a large breadth of issues. Often, review studies (e.g., Dolnicar et al., 2011; Duong and Saphores 2015; Hurlimann and Dolnicar 2016; Wester et al., 2016; Fielding et al., 2018) will stress factors including socio-demographic characteristics of respondents, reuse technologies and locations, contextual challenges facing water reuse (Table 1), (risk) perceptions and trust, socio-psychological factors (e.g., disgust), and socio-political environments (e.g., politics, role models, etc.). The key conceptual difficulty here is that these categories of acceptance factors/determinants relate to different aspects of the water acceptance phenomenon. Many studies do not define key concepts such as the acceptance by whom? (e.g, acceptance by “users/consumers”, “stakeholders”, the “reuse sector”, or the “public”) and of what? (i.e., which source, use or technology, and in which sites). Furthermore, the divergence of results is indicative of the temporality of water reuse acceptance: i.e., water reuse acceptance varies with the change in innumerable site-specific factors (e.g., adaptation to use, trust, policies, awareness, modernization, etc.). At the same time, the standalone approach of water reuse surveys is often inadequate for capturing the complexity of acceptance, as it gauges mere incidents or snapshots of supports, acceptance, or other momentary attitudes (e.g., favorable or skeptical).
As will be explained in the following sections, water reuse acceptance should be framed as an acceptability problem that is not merely related to individual or group attitudes, nor is it entirely a matter of public opinion. The demand for a more nuanced and contextual understanding of acceptability based on social norms and processes was also reiterated by other studies (e.g., Ching 2016; Crampton et al., 2016). Such a broad understanding of acceptance can lead to broader recommendations and can be used for structuring knowledge from acceptance case studies (Discussion). In a similar sense, Harris-Lovett et al. (2015) viewed potable water reuse from the broader perspective of whether a reuse technology is seen as legitimate or desirable in a certain social context. Beveridge et al. (2017) consider the whole water reuse issue as inherently social, with important spatial and political dimensions. Using a review of the relevant literature, this paper argues that the acceptability of water reuse projects requires a holistic understanding as a multi-layered social process of interactions between humans, technology and nature that takes place in norm-based and interlinked debates in both the public and private spheres.
Framing the Social Acceptability Process
The framework presented here to understand social acceptability (the willingness to accept) distinguishes four components (public perception, politicization, individual acceptance, and use adaptation), in which the debate about water reuse takes place and thus the view on water reuse is shaped (Figure 2). Policymakers can address each social acceptability component through various instruments, to be presented later in Mapping solutions across the social acceptability components. For a high acceptability of water reuse, the majority of debates on all components need to end with positive outcomes, since these components are largely interdependent. In each of the respective social acceptability components, one or more of the three issues or aspects of water reuse (water source, treatment technology and reuse purpose) figures prominently. As argued previously in A Synthesis of the Reuse Acceptance Enigma, water reuse experiences and acceptance vary significantly based on these three issues (source, technology and use). These issues are embedded in debates on other reuse challenges (In Company with Acceptance: Complementary Challenges of Large-Scale Water Reuse), which, in turn, can also affect the social acceptability of water reuse.
[image: Figure 2]FIGURE 2 | The social acceptability process of water reuse.
The social acceptability process of water reuse is divided into two main debates, the public debate and the private one. These debates are interrelated, while acceptance studies usually provide snapshots of sub-topics in one of these debates. These studies can be classified as placing more emphasis on either the private debate (Evidence highlighting the private debate dimension) or the public debate (Evidence highlighting the public debate dimension), but they often start from one acceptability component and ultimately recommend remedies beyond this particular component. This is due to the fact that improving water acceptance is rarely possible through a simple set of interventions (See Discussion).
The private acceptance debate of water reuse is influenced by considerations regarding the use purpose and treatment technology of the recycled water. This is repeatedly highlighted in bodies of literature using methods such as surveys, perceptions, or narratives and psychological tests (Evidence highlighting the private debate dimension). Individual acceptance depends on risk perceptions associated with certain reuse purposes such as drinking, cooking or irrigation. As mentioned previously, this is a highly individual process influenced by previous experiences, attitudes towards the environment, personal values or discussions with others (Bennett et al., 2010; Doria 2010; Ching 2016). Individual acceptance is susceptible to influences from political debates and public perception, but is also independent from these debates to a certain extent. For example, economic factors such as the cost of recycled water, incentives or subsidies for different reuse purposes can help to increase individual acceptance; e.g., (Molinos-Senante et al., 2013; Duong and Saphores 2015; Ravishankar et al., 2018; Sgroi et al., 2018). Similarly, use adaptation entails a private debate concerned with the technology used to recycle water. Consumers try to acquire information about the quality of delivered water and the associated risks (Binz et al., 2018). They form their opinions on the use safety and the required measures before the final use, e.g., filtration mechanisms or heating of water, depending on the source. Debates about the reliability of water treatment or other previously mentioned challenges of the safety of water reuse influence the determined use of recycled water by consumers. Ultimately, the ability to adapt to the use of recycled water is highly relevant for the individual acceptance, and often independent from other factors such as ideology and values.
Public perception is the most difficult, but arguably the most important, component of social acceptability. Indeed, under this component, all kinds of political, technical or scientific, religious and cultural debates take place in public and with the participation of various actors such as policymakers, scientists and experts as well as public and religious figures. The importance of this public debate is highlighted by several bodies of research on reuse acceptance, such as economic, institutional and social studies (See Evidence highlighting the public debate dimension). Ideas and norms compete in these debates to form an important public perception of water reuse. Here, the media is an important factor in this regard, while the debates are often less technical and rather broad; e.g., benefits vs. advantages of reuse, or reuse as desirable or alarming (Russell and Hampton 2006; Ching 2010; Lee and Tan 2016). The outcomes of public debates can be determined by a number of locally specific issues such as scarcity conditions, socio-political systems, role models and religious/cultural aspects (Po et al., 2003; Robinson et al., 2005; Hartley 2006; Doria 2010; Garcia-Cuerva et al., 2016; Hurlimann and Dolnicar 2016). During public debates on water reuse, politicization represents a deliberative process to highlight reuse as relevant for a society’s development, peace and order, relationship with nature, etc. At the same time, water reuse can become politicized in the wake of contamination incidents, project failures or constraints in the reuse system (Russell and Hampton 2006). However, in line with securitization theories (e.g., Allouche et al., 2011; Fischhendler 2015), politicization often takes place as a way to promote water reuse and prioritize action towards achieving it. Issues related to the water source such as water quality, source control, trust in supply authorities and effects of communities at the source are at the forefront of politicization debates (e.g., Fischhendler 2015; Beveridge et al., 2017). In cases of politicization incidents, these can significantly affect public perception.
Evidence Highlighting the Private Debate Dimension
Several bodies of acceptance literature have highlighted one or another component of what this paper calls the social acceptability process of water reuse. In this section, the academic studies are presented with regard to their key approaches and potential contributions to illuminating the acceptance problem from the starting point of the private debate in the social acceptability process.
Traditional Acceptance Studies
Traditional perception studies (e.g., Robinson et al., 2005; Hartley 2006; Russell and Hampton 2006; Carr et al., 2011; Buyukkamaci and Alkan 2013; Aitken et al., 2014; European Commission 2015; Crampton et al., 2016; Garcia-Cuerva et al., 2016; Hurlimann and Dolnicar 2016; Baghapour et al., 2017) look at public responses to water reuse projects using perception and opinion surveys. This body of literature represents the most common approach in water acceptance research. The surveys de facto target the individual acceptance component of the social acceptability process. As highlighted previously in the review of similarities and divergences of experiences of acceptance of water reuse, (A Synthesis of the Reuse Acceptance Enigma), issues related to the particular use (i.e., Which source and technology is used for which use purpose?) dominate debates in acceptance surveys. Since individual acceptance lies at the center of the social acceptability process of water reuse, it is influenced by all of the other components. In this sense, acceptance surveys often link incidences of the acceptance or rejection of a certain water reuse issue to factors that might arise from other acceptability components.
In reality, traditional acceptance studies use individual acceptance or perceptions as a starting point of analysis. They then gauge a plethora of determinants related to the characteristics of individuals, debates in the public sphere, and contextual issues that represent the challenges related to water reuse (earlier described in Table 1). Some overviews of the determinants of acceptance and contextual challenges found in acceptance surveys are provided in Fielding et al. (2018), Dolnicar et al. (2011). Although some studies (e.g., Duong and Saphores 2015; Ravishankar et al., 2018; Smith et al., 2018) investigate “public” or “social” perceptions or acceptance, the focus is less on analyzing discourses or debates happening in the public sphere; rather, these mostly survey-based studies center on users’ acceptance and its determinants. Finally, since the focus of the traditional studies is on the conceptual constructs of perception, attitudes and acceptance incidents, the suggested remedies are mostly informational; i.e., stressing awareness, debates, education campaigns, etc.
Narrative and Psychological Studies
Psychological and narrative studies (e.g., Hampton 2004; Menegaki et al., 2009; Ching 2010; Ching 2016; Leong 2016; Wester et al., 2016; Greenaway and Fielding 2020; Nemeroff et al., 2020) look at factors affecting individual attitudes towards water reuse. These factors include internalization processes of certain opinions, individual experiences, discourses, semantics, framing of water reuse information, etc. The methods deployed include surveys, observations or narratives and conceptualizations based on grounded theory. In the social acceptability process, the starting point for psychological studies is often the use adaptation component; e.g., disgust experiences (the yuck factor), emotions, or lived experiences. Often, psychological determinants such as disgust are presented as the most relevant determinants or predictors of acceptance (e.g., Duong and Saphores 2015; Wester et al., 2016). However, disgust is also seen as resulting from other factors. For example, education, prior knowledge, psychologically prepared information, labeling and public debates can mediate disgust experience (Ching 2010; Wester et al., 2016; Goodwin et al., 2017). In this sense, the recommendations of psychological or narrative-based studies often go beyond the component of the use adaptation.
Other studies in this body of literature relate emotions, attitudes and willingness to use to environmental values and personal profiles. For example, one approach in psychological studies is to link disgust with peoples’ sensitivity/aversion towards contagion/cleanness (Fielding et al., 2018). While these approaches are highly revealing about processes in the private acceptance debate of water reuse, some insights, e.g., on the “yuck discourse”, is of limited value for explaining how to change peoples’ responses towards water reuse (Russell and Lux 2009). Therefore, it is important to translate psychological insights into actionable implications. For example, psychological insights can help to improve the design of environmental nudging (Byerly et al., 2018), the targeting of awareness campaigns, the framing/labeling of water reuse strategies (McClaran et al., 2020), or interventions to facilitate the adaptation of households (Nemeroff et al., 2020).
Evidence Highlighting the Public Debate Dimension
In this section, bodies of academic literature are presented with the public debates as a point of departure. They include studies focusing on the influence of institutional, regulatory and social issues. Although not all studies highlighting the public debate on reuse acceptability can be classified, the two categories presented represent the commonest approaches in the literature on acceptance.
Economic and Institutional Studies
Economic and institutional studies (e.g., Lloyd Owen 2016; Molinos-Senante et al., 2013; Menegaki et al., 2007; Fan et al., 2013; Garcia and Pargament 2015) reiterate the role of economics and contractual (rights-based) approaches in improving acceptance of water reuse. The basic premise here is understanding such acceptance as a regulation problem. This means that better rules and incentives can improve the outcomes of challenges directly affecting reuse acceptance, particularly those challenges of safety, distribution, participation, economics and governance. In this sense, the literature on these related challenges presented in Table 1 can also be seen as a part of this body of academic literature; e.g. framing water reuse as a function of better communication among agencies (Aldaco-Manner et al., 2019), or holistic circular economy strategies (Sgroi et al., 2018). Furthermore, improving regulation and the institutional set-up of water reuse can yield favorable outcomes in debates happening in all components of the acceptability process. However, the focus is rather on the public acceptance debate. Regulating resource allocations and (private) incentives for water reuse is a task centered in the overall governance or public policy context.
Social Legitimacy and Justice Studies
Closely related to the economic and institutional studies are social legitimacy and justice studies (e.g., Russell and Lux 2009; Harris-Lovett et al., 2015; Binz et al., 2016; Beveridge et al., 2017), which stress the complementary aspects of legitimate processes and decision-making, participation, consultations and transparency. The focus here is rather related to the public debate on reuse acceptance and whether the public perceives the system and technologies of water reuse as adequate, necessary, legitimate, transparent, or trustworthy. Often, studies in this body of literature use mixed methods and provide critical insights into classic approaches to understanding acceptance. For example, Russell and Lux (2009) criticized the premises that disgust and lack of information or awareness are deterministic for people’s responses. Instead, they propose a cultural (rather than psychological) approach in which people’s responses to reuse are seen as amendable through understanding local contexts and complexities and designing a participatory/deliberative planning structure for water reuse schemes. Another example is the framing of water reuse in California as a broad endeavor (beyond acceptance) to achieve the legitimacy of this new technology/innovation through institutional work and legitimacy strategies (Harris-Lovett et al., 2015; Binz et al., 2016).
DISCUSSION
In this section, the reviewed literature and the structured process of water reuse acceptability will be used to advance current discussions on the promotion of water reuse. First, some solutions or remedies for advancing the social acceptability of water reuse are summarized. Later, some key insights and contextualized lessons are presented.
Mapping Solutions Across the Social Acceptability Components
The previously presented analysis framework for the social acceptability of water reuse shows the complexity of the acceptance question as a process, and the need for nuanced solutions across different components of this process. It can be used for mapping solutions to water reuse acceptance problems based on recommendations regarding immediate action put forward by different bodies of literature. In fact, there are numerous solutions proposed in the academic literature to help increase the acceptance of water reuse. However, suggestions from broad, descriptive studies on water reuse (e.g., Po et al., 2003; Doria 2010; Yi et al., 2011; Duong and Saphores 2015; Wilcox et al., 2016; Fielding et al., 2018; Smith et al., 2018) are difficult to interpret in terms of which components of reuse acceptability should be addressed by which instruments, and when. There is also a conceptual difficulty in the use of same terms in different scientific and contextual frames. Furthermore, it can be difficult to mainstream or gauge the meaning of insights coming from different bodies of literature. For example, surveys indicating discomfort with the idea of DPR do not necessarily result in a negative public perception or a lack of individual acceptance. Even if we interpret discomfort as a problem for reuse acceptance, such a survey-based result might not predict acceptance in a certain location, as this is a long-term social process with many intermediate outcomes and debates across several components. Instead of focusing on single (and often unstable or intermediate) roots of the acceptance problem or seeking cross-case panaceas for increasing acceptance, remedies should be sold as a package of measures based on interdisciplinary knowledge and tailored to the complex and long-term process of the social acceptability of water reuse. Table 2 provides a high-level overview of such solutions to increasing acceptability based on remedies arising from different bodies of studies. Although these studies usually focus on specific components or debates within social acceptability (Evidence highlighting the private debate dimension and Evidence highlighting the public debate dimension), Table 2 summarizes most relevant remedies across the interrelated components. Traditional acceptance studies often stress the importance of marketing or information, public campaigns, debates, and community involvement. Psychological and narrative studies complement these insights through tools related to role models, testimonials, labels, brands and group-based reuse promotions. Economic studies highlight the role of incentives, prices, regulations and private-sector participation as measures to achieve optimal allocation, instill trust and incentivize individual adaptation and acceptance. Finally, social justice and institutional studies introduce remedies related to good governance, legitimacy and representation.
TABLE 2 | Solutions for increasing social acceptability from different acceptance studies.
[image: Table 2]Contextualization and Overarching Insights
The academic literature has shown that there are many different perspectives from which to look at water reuse acceptance. The most common ones are related to polling studies, psychology, economics, institutionalism and social justice, while important perspectives such as those of politics/politicization and security studies are still lacking. Similarly to other authors (e.g., Russell and Lux 2009; Beveridge et al., 2017), this paper stresses that water reuse is a multi-dimensional process that is inherently political, cultural and social, as well as being influenced by the classic factors of technology, climate and resource availability, economy, and infrastructure, or individual values and psychology. This process needs to be better structured with regard to its temporal and spatial components, and also better embedded in its contextual environments. In this context, two overarching insights can be highlighted from the previous analysis. Firstly, the reuse acceptance issue cannot be studied or addressed in isolation from other challenges hindering large-scale reuse. Case studies on water reuse reveal that acceptance increases if the other challenges highlighted earlier in this paper are addressed adequately (e.g., health and safety, markets, regulation and guidelines). Thus, water reuse (acceptance) cannot be separated from the local water governance arrangements, the socio-political culture, and economic development at large. In this sense, promoting large-scale water reuse requires broader policies that tackle the interrelated challenges, including a set of measures to promote acceptability. A stronger public role can help tackle many of these challenges (e.g., infrastructure, safety regulations, monitoring arrangements, investments, campaigns, debates, or politicization/securitization). Public policies can also embed the promotion of water reuse in overarching developmental policies as well as global targets to increase wastewater treatment (Indicator 6.3.1. of the SDGs agenda), improve water use efficiency (e.g., Indicator 6.4, SDGs) and decrease the stress facing freshwater resources (Indicator 6.4.1, SDGs).
Secondly, this paper argues for a holistic and nuanced understanding of water reuse acceptance as an acceptability process that should be understood within a specific context. Here, it is important to analyze local reuse acceptability processes and examine debates, challenges and remedies. Such holistic and nuanced analyses of water reuse acceptability should look at different spatial (i.e., households, sources, treatment systems, public arenas) and temporal aspects (e.g., initial debates, politicization, reception of people, adaptation and feedbacks) and incorporate insights from different academic disciplines. Indeed, descriptions of deployed solutions in successful case studies on water reuse (e.g., Horne 2016; Lee and Tan 2016; van Rensburg 2016; Lahnsteiner et al., 2018) emphasize the importance of multi-layered approaches to increasing social acceptability. The long-standing emphasis on “acceptance” as merely a stance or attitudes attached to individuals and groups has been misleading. Such a premise merely produces snapshots of a complex social reality, while giving the false hope that reluctant people can be “convinced otherwise” through simply remedies, or that “rejection” can be “switched” into “acceptance” through some short-term interventions. As this paper has previously argued, it is highly relevant to contextualize the local context by examining the overall challenges and the site-specific acceptability debates. Alongside improving the enabling environment through enhancing reuse technologies, infrastructure, policies and regulations, it is also important to invest in a set of reuse acceptability measures, including various socio-economic, political and psychological instruments. At the same time, the acceptance issue should be perceived as a social acceptability process of complex components that are best addressed and studied on a local level through gradual, iterative and long-term efforts. Such a perception can have important implications for how to design context-specific measures that are decided locally. Future case study research on reuse acceptability can highlight these locally embedded processes and describe interesting efforts to push site-specific measures; e.g., by involving influential actors (e.g., from civil society or media), empowering certain user groups (e.g., women), providing targeted incentives, solving certain adaptation problems, or politicizing the importance of water reuse.
CONCLUSION
Responses by individuals and the general public to water reuse endeavors might be the most restrictive challenge facing the wide adoption of water reuse. There are other (more manageable) concerns such as the effects of water reuse on human and environmental health, the need for infrastructure and regulations as well as the long-term impacts on soil quality. These challenges are recurrent issues in acceptance surveys, and they can also affect the overall acceptance of water reuse. Although numerous studies have shown a positive appreciation of the idea of water reuse, people are skeptical of the use of recycled water for close-to-person purposes such as drinking, cooking, or irrigating edible agriculture. Evidence shows that appropriate technologies for each water source, combined with multi-layered and strict regulation and monitoring, can significantly increase the safety of water reuse, which, in turn, can improve trust and help improve its public perception. However, there is a need for further studies at the local level that examine the occurrence of, and interrelations between, specific water reuse challenges as well as the suitable technology standard-sets. The acceptance gap (between the positive perception of the idea of water reuse and dismissive attitudes towards certain reuse purposes) represents a complex phenomenon requiring nuanced analysis.
Negative response to water reuse can be related to the lack of knowledge of aspects of water quality and state-of-the-art advancements in water reuse, but more importantly, to perceptions about the ability of the utilities and public authorities to deliver on water reuse. Here, there is mounting criticism related to the absence of common and updated standards on water reuse for different uses in many regions, as well as a lack of comprehensive and participatory reuse strategies embedded in larger water-sector policies. Overall, water reuse acceptance cannot be separated from the broader challenges facing the upscaling of water reuse. It can also be incentivized and promoted through measures such as adequate pricing schemes, strong public leadership, and financing or subsidies for consumers. In light of the expansion of water reuse projects to new countries and cities, we need to analyze the issue of water reuse in the totality of its interrelated challenges while investing more in social research in order to understand individual attitudes and collective responses at the local level.
Water reuse represents a significant and untapped potential. For example, it can alleviate the pressures on scarce water resources in dry areas. In arid regions, water recycling is on the rise due to deteriorating conditions of water stress. The reuse of treated wastewater is increasing, while reuse can be expanded to other water sources such as produced water or greywater, exploiting the high consumption level of these water types. Much can be gained by studying successful experiences or applying methods to increase awareness and knowledge of the local water reuse options.
This paper has structured knowledge on water reuse acceptance and shown the diversity of approaches and results, so generalizations are quite difficult. Reuse acceptance levels will differ according to the source, the reuse purpose and the deployed technology. Therefore, acceptance needs to be investigated with local populations using interdisciplinary knowledge, while it can be best promoted gradually and iteratively. At the same time, it is important to move beyond incidents of negative responses to consider attitudes of acceptance or the willingness to accept (acceptability) as a social process comprising public and private debates taking place at different spatial and temporal points. On the one hand, debates regarding the public perception of water reuse can be influenced through positive messages and discourses, thus increasing trust in the authorities and the supply system. Such debates require a wide engagement of technocrats and role models. Furthermore, water reuse can (and sometimes has to) be politicized in the context of water security and development needs. On the other hand, individual acceptance is a subjective component that can be influenced by public debates or framings or personal values, but also by the ability to adapt to the use of recycled water. It can be targeted by measures to decrease the perception of risks associated with certain uses. At the same time, pathways to adapt to the use of this new renewable water resource can be demonstrated.
Several instruments for increasing reuse acceptance are found in the academic literature. Detailed water reuse strategies need to incorporate insights from traditional awareness studies as well as socio-economic, psychological, discursive and narrative analyses. Such insights can be integrated into multi-level and participatory planning approaches during water reuse projects. Non-acceptance of certain water reuse projects can be temporary, and often decrease with awareness, trust and adaptation. Until water reuse becomes a normal practice in water supply, we need to promote its acceptance as a generally sustainable, safe and renewable water source. Furthermore, for water reuse to become a serious supply option, it has to be mainstreamed into water governance frameworks. Similarly to water conservation or water efficiency issues, water reuse can be an integral part of national water sector strategies, management plans, regulatory frameworks and public debates on resource governance. The treatment of water reuse in many countries as a side issue or an emerging topic is masking its potential as well as the repertoire of knowledge and technologies available for public authorities to enforce and promote its implementation.
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