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a b s t r a c t

Current sanitation systems are inherently limited in their ability to address the new challenges for
(waste)water management that arise from the rising demand to restore resource cycles. These challenges
include removal of micropollutants, water (re)use, and nutrient recovery. New opportunities to address
these challenges arise from new sanitation, a system innovation that combines elements of source
separation, local treatment and reuse, and less use of water. New sanitation is applied, but not yet
widespread, in several residential areas in Europe. Implementation is hindered by the lack of insight into
the general public's willingness to engage in new sanitation, and the resulting uncertainty about this
among decision makers and other stakeholders in wastewater management. Using value-belief-norm
theory as a conceptual lens, this paper addresses the individual motivations (pro-environmental per-
sonal norms) and personal drivers (benefits) and barriers (risks) for acceptance of new sanitation by the
Dutch general public. The results of an online survey (N¼ 338) indicated that both pro-environmental
personal norms and risk and benefit perceptions predict consumers' willingness to accept new sanita-
tion. More specifically, they showed that consumer acceptance is driven by perceived risks relating to the
housing market and the need to change behavior, but also by environmental benefits. Overall, new
sanitation was favorably evaluated by respondents: 64% indicated that they would likely use new
sanitation if they were owner-occupiers. The results of this explorative study are discussed in light of the
development of novel sanitation systems that are sensitive to perceptions of end-users and other key
stakeholders.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

State-of-the-art sanitation systems are very effective in pre-
venting human infection from pathogens present in feces and in
processing sewage to wastewater treatment effluents that have
acceptable ecological effects only when discharged to surface wa-
ter. However, contemporary sanitation systems fuel several issues.
First, sewage contains high loads of nitrogen and phosphorus e

nutrients that are not only critical for agricultural production, but
also rely on finite or geopolitically sensitive resources: ammonia
production requires the use of fossil fuels, and phosphorous is
mined from the earth's crust in a limited number of countries.
Secondly, sewage increasingly contains micropollutants, like
pharmaceutical residues and hormones, which represent partially
still unknown risks for the environment (Schwindt et al., 2014).

Removal of these pollutants in the current sanitation system re-
quires large additional investments and additional energy and
chemical costs (Davis, 2008). So, the currently used systems entail
devaluation of (human) waste, loss of nutrients, waste of water, and
emission of residual pollutant loads to the environment, and it is
therefore increasingly questioned whether they are future-proof
(Larsen et al., 2016).

To address these issues, new sanitation was developed in the
Netherlands and elsewhere (Hern�andez-Leal et al., 2017; Londong,
2013). The new sanitation design aims at maximum recovery of
energy and resources from (domestic) wastewater and at mini-
mizing potable water use and emissions (like pharmaceutical res-
idues) into the surface water (Tuantet et al., 2014), using a systems
approach rather than the end-of-pipe approach. In new sanitation,
wastewater collection and treatment take place at local level,
keeping individual source flows like grey and black water separate,
thereby offering new options for minimizing resource use and
restoring resource cycles. For one thing, water use is minimized e* Corresponding author.
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for instance by using vacuum toilets. Also, the minimal amount of
water yields a more concentrated wastewater flow fromwhich it is
more cost-effective to remove harmful micropollutants such as
pharmaceuticals and hormones (De Wilt et al., 2016), and it be-
comes more feasible to recover valuable components (De Graaff
et al., 2011) like nutrients. Thus, implementing new sanitation of-
fers more opportunities for restoring the nutrient cycle. Finally,
energy can be saved with source separation and decentralization in
two ways (Rittmann, 2013): directly, by producing renewable en-
ergy in useful forms (heat, methane) and indirectly, for example by
lowering energy use for treatment and transport.

Despite its potential, new sanitation is not yet widely used. This
can partly be attributed to the currently used sanitation system e

sewers and centralized treatment plans e which results from de-
cades of development and investments. Switching to a new,
decentralized system would mean abandoning these investments;
and applying new decentralized infrastructure requires new in-
vestments, resulting in a lock-in (Cordell et al., 2011). Moreover,
sanitation is a systemic phenomenon, embedded in a highly com-
plex network of diverse stakeholders. Thus, a multitude of stake-
holders along the sanitation chain need to accept changes and
adapt their behavior and practices in order to foster successful
adoption of new sanitation; this is a complex challenge. Important
stakeholders in the Netherlands include the end-users (general
public), property developers, (local) governments, water boards,
and users of the recovered resources (e.g. agriculture and industry).
One of the current bottlenecks for the development of new sani-
tation is the uncertainty among property developers (and other
stakeholders) about end-users’ acceptance of new sanitation (Swart
and Palsma, 2013). However, whether the general public would
accept new sanitation and its consequences for housing and daily
practices, like using vacuum toilets, is currently largely unknown.
One recent study looked into university residents' willingness to
pay and general support for urine source separation at a US campus
(Ishii and Boyer, 2016), but it is important to extend those analyses
to other types of sanitation systems among different publics, such
as people who live in houses on amore permanent basis. Therefore,
this study focuses on the general public's perception of new sani-
tation, and especially homeowners and potential homeowners.
Several pilots, demonstrations, and full-scale implementations in
the field of new sanitation have been undertaken in the
Netherlands and elsewhere (Augustin et al., 2014; Hern�andez-Leal
et al., 2017; Londong, 2013). For some of these projects, actual users'
perceptions were studied (Lienert and Larsen, 2010; Naus and Van
Vliet, 2012). In these projects, users were mostly positive about the
use of new sanitation (Naus and Van Vliet, 2012). However, these
studies did not look into the perceptions of the general public and
whether they would be willing to commit themselves, as home-
owners, to the pro-environmental behavior of becoming a first-
time new sanitation user. In our study, Stern's (2000) value-
belief-norm (VBN) theory and people's risk and benefit percep-
tions are used to explore the Dutch general public's intention to
accept new sanitation. The results of this study are discussed in
relation to existing literature to ascertain implications for practice
and future research.

1.1. Value-belief-norm theory

Value-belief-norm theory (Stern et al., 1999; Stern, 2000) pro-
poses a causal chain of factors that lead frompersonal values to pro-
environmental behavior (Fig. 1). As its name suggests, these factors
are people's values, beliefs, and norms, and each of these is elabo-
rated below. To begin with, individuals hold different value orien-
tations in life and each of these may have smaller or bigger weights
for how they serve as stable guiding principles in their life

(Schwartz, 1992). Three values are included in VBN theory (Stern
et al., 1999; Stern, 2000). First, (1) biospheric values reflect peo-
ple's belief that it is worth protecting nature because of its intrinsic
value. Second, (2) altruistic values deal with the welfare of others,
for example people that are close to a person. Finally, (3) egoistic
values are geared toward one's own welfare and tend to be nega-
tively related to so-called green consumer behavior, whereas both
altruistic and biospheric values have positive associations (De
Groot and Steg, 2008; Nordlund and Garvill, 2002). According to
VBN theory, the three values predict the next variable in the causal
chain, beliefs.

Three kinds of beliefs are included in VBN theory: (1) the new
ecological paradigm: people's ecological worldview, representing
their belief regarding the extent to which they think they can
change or affect nature (Dunlap and Van Liere, 1978), (2) the
awareness of adverse consequences for valued things: people's
awareness of threats to the environment (Han, 2015), and (3)
ascription of responsibility: people's belief that their own actions
could counter those threats.

Finally, ascribed responsibility has a direct effect on pro-
environmental personal norms. These personal norms determine
one's moral obligation to act in order to prevent negative impacts
on the environment. Therefore, pro-environmental personal norms
are the last part of the VBN causal chain that predicts people's
behavior (Stern et al., 1999).

1.2. Risk and benefit perceptions

According to literature reviews, VBN theory explains 19%e35%
of the variance in actual behavior (Stern et al., 1999; Kaiser et al.,
2005); this suggest that other factors are also important in pre-
dicting people's ecological behaviors. The current study aims to
explore people's willingness to accept new sanitation, which for
most people is a novel technology. When it comes to acceptance of
new technology, perceptions of risk and benefit are generally
important, if not crucial (e.g., Hurlimann, 2007; Otway and Von
Winterfeldt, 1982; Van Dijk et al., 2017). Hence, it is likely that
the general public's evaluation of risks and benefits relating to new
sanitation will be important predictors of their acceptance of this
technology. Hurlimann (2007) gives examples of situations in
which risk perception stood in the way of public acceptance of new
technologies in specific countries, like nuclear technologies and
genetically modified food. Low public acceptance of a new tech-
nology often has negative consequences for its commercialization.
Gupta et al. (2012) suggest that this explains why research on so-
cietal acceptance of technology has been increasingly focused on
risk and benefit perceptions.

The general public's risk perceptions are typically based on
factual information, but also importantly on feelings, ethics, pref-
erences, and attitudes (Daughton, 2004), and can be ambiguous
(Gregory et al., 1995). Perhaps not always fact-based, decision
making concerning technologies is influenced by risk perceptions;
and these perceptions are based on a frame of reference and
(sometimes incomplete) knowledge about the risk (Weisenfeld and
Ott, 2011). Perceived risks and benefits of a technology are not fixed
concepts; rather, they are constantly subject to change and medi-
ated by the current cultural understandings of acceptable risks: a
new technology may be perceived as risky, but, when it is
embedded in routine behavior, the perception of it can change to
not risky (Flynn et al., 2006). Furthermore, perceived risks and
benefits also influence each other; the level of perceived benefits
influences the acceptability levels of the perceived risks (Fischhoff
et al., 2000).

Quezada et al. (2016) studied the adoption of decentralized
water systems in Australia, which can be considered a form of new
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