
5 Over-promising and under-delivering 
Institutional and social networks influencing 
the emergence of urine diversion systems in 
Queensland, Australia 

Cara Beal, Dena Fam and Stewart Clegg 
 

Introduction 
Urine diversion (UD) systems present a way of recovering and reusing urine 
for its nutrient content, and they have been used in many European, African 
and Asian countries in both modern and ancient times (Simha and Ganesapillai 
2017). The purpose of UD systems is to collect nutrients (e.g., nitrogen, potas• 
sium, phosphorus) at the source, through the use of UD toilets and water• 
less urinals, while minimizing contamination of the urine from faecal matter 
(Figure 5.1). By separating faeces from urine, nutrients can be captured and 
used as fertilizer without the intensive, expensive (economically and energeti• 
cally) and time-consuming process of conventional wastewater treatment. UD 
systems require less water to operate and thus have the potential to reduce water 
use by 90% compared to traditional toilets (Beal et al. 2008). Furthermore, UD 
systems offer a method of closing the “nutrient loop” by storing, dehydrating and 
recycling urine as an alternative fertilizer in agriculture (Harder, Wielemaker, 
Larsen, Zeeman and Öberg 2019) 

As the concept of sustainability becomes more prominent in an increasingly 
water-constrained environment in Australia, there is growing pressure on the 
water and wastewater sectors for sewage infrastructure to respond to these new 
challenges. Increasing awareness of the value of closed-loop water cycles in 
Australia has led to a national focus on recycling and reuse of water from sew• 
age within most Australian cities (Department of Sustainability and Environment 
2004). Attitudinal shifts towards thinking of sewage as a valuable resource to be 
recycled, rather than a pollutant to be disposed of, has led to interest in resource 
recovery and reuse projects both Australia-wide and internationally (Larsen, 
Udert and Lienert 2013; Lopes, Fam and Williams 2012). These projects have 
been focused on recovery and reuse, not only of water, but also of phosphorus, 
through the use of UD systems (Hood, Gardner and Beal 2009). 

Fostering emerging technological innovation, such as UD, is considered an 
important element in any large-scale transition towards sustainability (Abeysuriya 
et al. 2013; Ziegler 2019). The challenge resides not only in the introduction of 
new technologies but also in the development of an assemblage of new markets, 
user practices, rules and regulations, associated infrastructures and the emergence 
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Figure 5.1 Urine-diverting toilet installed at the Ecovillage at Currumbin, Queensland, 

Australia. 
 
 

of new cultural meanings and habits of practice (Uddin, Muhandiki, Sakai, 
Mamun and Hridi 2014). This suggests a need for participatory, collaborative 
arrangements with stakeholders across the water, waste, planning and agricultural 
sectors as well as a need for local communities to adopt such systems to ensure 
their long-term success. Furthermore, prior identification of institutional road• 
blocks through approaches such as social mapping or political economy analyses 
would greatly benefit a fulsome understanding of what is required for the suc• 
cessful use of innovative technologies. These complex, intertwined requirements 
suggest that successful introduction of socio-technical systems such as UD, which 
are radically different from mainstream sanitation systems, may depend on a co• 
evolution of emerging technologies with enabling institutional and socio-cultural 
structures (Uddin et al. 2014). Drawing on an applied research project in South 
East Queensland, Australia, this chapter will analyze the institutional environ• 
ment and social networks which both supported and ultimately hindered the UD 
research trial and ongoing system uptake. 

The peri-urban community known as the Ecovillage at Currumbin was the first 
of its kind in Australia to trial UD systems in 20 households over a period of two 
years (Hood et al. 2009; Beal et al. 2008). The aim of the trial was to (i) test a UD 



80 Cara Beal, Dena Fam and Stewart Clegg 
 

system in an Australian context, (ii) explore the feasibility of urine as a fertilizer 
and (iii) evaluate the social acceptance of the UD system. Although the trial was 
not completed, as discussed in this chapter, valuable insights regarding the institu• 
tional environment and social networks that both enabled and hindered the trial’s 
success were identified. 

We first analyze UD as an emerging system of innovation before addressing 
the institutional environment influencing the relative success of UD in Australia. 
We follow this with a description of the dynamic context in which UD emerged 
in Australia, using the Ecovillage at Currumbin trial as a relevant case study. The 
chapter concludes with a discussion of the need to manage the politics of innova• 
tion in basic infrastructure for essential services by considering multiple institu• 
tional factors and actors supporting and facilitating the emergence of innovative 
technologies in practice. 

Before we begin, it is important to define what is considered “failure” in this 
chapter. As it suggests in the term “research trial,” the UD project in Queensland 
was a finite initiative that had a tight budget and small human resource pool. 
There was agreement from regulatory agencies that this trial would not result in a 
wider roll-out of UD technology but would seek to understand some of the barri• 
ers and benefits of installing and using a UD toilet, and also the storage, treatment 
and reuse of urine. These objectives were not fully realized, and the trial was not 
complete by the end of the project lifetime. In this context, the project “failed’ to 
fulfil all of its objectives. This failure was a consequence of a number of converg• 
ing factors that are discussed below. 

 
Urine diversion and institutional framing 
Increasing interest in UD systems, both nationally and internationally, has 
in part been driven by growing awareness of global phosphorus scarcity 
(Gondhalekar, Al-Azzawi and Drewes 2019; Neset and Cordell 2011). Phosphorus 
rock, a non-renewable resource and critical ingredient in agricultural fertilizers, 
will be depleted within two generations on current projections (Cordell, Drangert 
and White 2009). While there is no substitute for phosphorus rock, wastewater 
streams such as urine present a potential renewable source of phosphorus for agri• 
cultural production. UD systems, therefore, are technologies that generate consid• 
erable interest among international water utilities and research institutes (Larsen 
2020). UD technologies can be used to determine the viability of recovering and 
reusing urine to help manage nutrient flows sustainably. 

Innovative technological systems that diverge from the mainstream are typi• 
cally confronted with significant barriers to development and implementation 
(Berndtsson 2006; Hughes 1987; McConville, Kvarnström, Jönsson, Kärrman 
and Johansson 2017). They must overcome embedded standards and compete 
against established technologies or systems of service provision. Large technical 
systems (Hughes 1987), such as water and sanitation systems, are characterized 
not only by technologies and associated infrastructure but also by conglomerates 
of organizations, institutions, social and technical habits of practice and patterns 
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of actor-based interactions (Geels, Hekkert and Jacobsson 2008). These techno• 
logical systems are embedded in institutional environments that, in the past, have 
been highly centralized public sector bureaucracies. Management was largely a 
matter of following rules and mastering basic engineering knowledge. In intro• 
ducing novel and distributed socio-technical systems such as UD, the challenge 
resides in the technological, social and regulatory “mismatch” that decentralized 
UD systems represent compared with a centralized system of service provision. 
For bureaucracies accomplished in centralized and rule-guided control, decen• 
tralization is, in itself, innovative, and therefore challenging. Moreover, decen• 
tralized systems such as UD are typically delivered in technologically and socially 
“non-conforming” ways. 

In the face of factors supporting and reinforcing established technologies, 
radical innovations may only become competitive if they have the opportunity 
to develop and improve within a protected niche (Smith and Raven 2010). Such 
a niche would be one in which the new product or technology is temporar• 
ily protected from the traditional standards and regulations in the field (Rip 
and Kemp 1998). These niche environments can be created by well-resourced 
economic actors, as well as by policy makers who are supportive of the innova• 
tion. Market niches can emerge from the demand of specific customer segments, 
or from particular contexts of application in which a novel technology might 
be seen as superior or more appropriate to the established system of service 
provision. 

From an institutional perspective, the maturing of a niche innovation such as 
UD entails the development of a new set of institutions. Such institutions could 
either co-exist with, or undermine, those of the established regime. An innovation 
that was fully institutionalized would be characterized by a mature suite of mutu• 
ally supportive institutional settings that collectively provide rules for reinforcing 
the innovative technological system. 

 
The case study and the methods of inquiry 
The research context of the Ecovillage at Currumbin (“the Ecovillage”), was 
a 144-lot development on a former 110 ha grazing property in the Currumbin 
Valley, in South East Queensland, Australia (http://www.theecovillage.com.au). 
The Ecovillage is based on a concept of sustainable living in which environmental 
conservation and recycling of resources are key goals (Beal, Gardner, Ahmed, 
Walton and Hamlyn-Harris 2008). The concept of sustainable living extends 
to the management of water and nutrients, infrastructure design and the use of 
recycled materials and housing thermal standards. The Ecovillage was originally 
conceived as a role model for the property development industry. A UD demon• 
stration project managed by the then Queensland Department of Environment 
and Resource Management (DERM) was incorporated into the design. UD toilets 
were installed as part of a sustainable system of sewage management. The DERM 
managed the project in liaison with the developers, Landmatters Currumbin 
Valley Pty Ltd and the design engineers, Bligh Tanner Pty Ltd. 

http://www.theecovillage.com.au/
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The research project involved focusing on the two stages of the trial: Stage 
1 – Demonstrating the UD system in practice and Stage 2 – Beneficial reuse of 
urine on-site. (Stage 2 did not proceed due to funding cuts to the project and the 
long lead times required to develop knowledge and safely test the reuse of urine 
on allotments). In analyzing the trial of UD systems at the Ecovillage, primary 
and secondary data were collected. Five key actors involved in instigating, man• 
aging and maintaining the trial, and six residents involved in the everyday use of 
UD systems, participated in face-to-face, in-depth, semi-structured interviews. In 
addition to interview data, two years of meeting notes, pre- and post-installation 
surveys and previous interviews with participating residents provided multiple 
perspectives on, and knowledge of, the institutional challenges that UD presented 
in practice. In conjunction with field data gained from interviews, policy analysis 
was used to determine the multiple levels of governance that influence nutrient 
recovery and reuse policy and practice in Australia. 

Data was coded in terms of the institutional factors influencing the case. We 
sought to bring to the fore the opportunities and barriers to implementing UD 
systems, and in order to do this we identified both formal and informal institutions 
that would influence successful uptake of UD systems. Coding sought to iden• 
tify institutional elements and the degree to which they emerged throughout the 
trial period. Interview questions were based around two predominant themes: (1) 
challenges and opportunities of UD in the trial, and (2) the institutional environ• 
ment influencing the successful uptake of the innovation. Before expanding on the 
prevalence of these institutions, an overview and background to the Ecovillage is 
provided. 

 
Formal institutional environment: Regulatory 
frameworks, policies and guidelines 
UD systems are a relatively new and unfamiliar technology in Australia. Hence, 
substantial knowledge gaps exist for regulatory bodies governing the safe instal• 
lation, transportation and use of UD systems and the application of urine to 
land. After consultation with government agencies in the planning stages of the 
Ecovillage trial (Queensland Health, the Queensland Environmental Protection 
Agency, the Local Government Department of Planning, Recreation and Sport, 
Gold Coast City Council and Gold Coast Water), a ministerial exemption was 
granted on the grounds that it was only for a pilot research project involving the 
temporary installation of UD at the Ecovillage under the Queensland Plumbing 
and Drainage Act (2002) (Beal et al. 2008). Regulatory frameworks regarding 
the safe use of urine in Australia are yet to be developed, as guidelines have not 
been established for applying treated urine to land, and nor is there clarity on 
the classification of urine. It can be classified as either faecal-contaminated grey 
water or as sewage effluent (Queensland Government 2002). The classifications 
are crucial: urine-diverted water that is free of faecal contamination is not clas• 
sified in the existing regulatory frameworks. The lack of formal guidelines for 
the application of urine presents a strong limiting factor for the development of 
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legitimately regulated UD installations in Australia (see Mitchell et al. 2013 for 
further discussion on regulating UD projects in Australia). 

Interview participants raised concerns about the need for further research on 
the impact of urine on land as a critical precursor to the development of regulatory 
guidelines for applying it to land in Australia. One project team member of the 
Ecovillage trial noted: 

 
There [are] some issues that need to be sorted out and that’s something we 
wanted to do if the project continued – jumping over regulatory hoops in one 
way shape and form … the intention to study die-off strategies [of pathogens 
in urine] as part of usage … would then lead [to] dealing with the regulatory 
issues [of using urine], there’s no issue in collection and storage [of urine] 
as long as you do it according to the code. (Australian Standard 3500 and 
Australian and New Zealand Standards 1546/1547) 

 
While regulatory arrangements for the application of urine to land presented bar• 
riers to the legitimacy of UD systems over the long term, the development of 
regulatory guidelines for grey water reuse in Australia presented a timely win• 
dow of opportunity in the early stages of the UD project (e.g., NRMMC and 
EPHC 2006). For instance, the Ecovillage trial occurred during the early years 
of the Millennium Drought (from the early 2000s to 2009) when funding oppor• 
tunities were made available for water efficiency and water recycling projects in 
Australia. As a result of the drought, the use of grey water (from showers, bath• 
rooms, laundries and kitchen sinks) became a more acceptable practice in many 
Australian cities, with new regulations developed during this period to classify 
conditions of usage. Each state now has its own compliance regulations regarding 
grey water treatment and diversion systems (see Power 2010). Two interviewees 
perceived the development of guidelines for the application of grey water as influ• 
ential in the acceptability of UD; increasing acceptance of grey water recycling 
was perceived as a factor contributing to the reduction of political barriers to the 
Ecovillage trial. As the project manager of the trial noted: 

 
Getting … change (in grey water regulations) was a big deal … the UD pro• 
ject piggy backed on that, without that [regulatory change] I don’t think the 
UD project would have got up, it wouldn’t have got through the regulatory 
process. … Reusing urine and grey water is just a matter of degrees so the 
political barriers of reusing alternative sources of water [for outdoor house• 
hold use] had [been overcome] with changes in grey water regulations. 

 
 

Resource mobilization and changing political climates 

The Millennium Drought presented a window of opportunity for funding for 
innovative projects, which in this instance came from a Queensland government 
department rather than a research and development corporation. Early funding 
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opportunities for trialling UD in the Ecovillage was linked to the state govern• 
ment’s need to manage water scarcity through investment in both incremental 
upgrading of centralized infrastructure and more innovative forms of water man• 
agement, such as rainwater tanks and experimentation, as in the UD trial. With the 
end of the drought in late 2009, which occurred in conjunction with an incoming 
federal government that viewed many of the previous government’s sustainability 
initiatives as “wasteful,” funding sources diminished. In describing the interre• 
lated events a project team member recalled: 

 
once the drought broke … there was an institutional change in the mindset 
about innovation, they [the Australian government] spent billions of dollars 
on the interconnection of pipes between dams … they were innovated out by 
… 2008–2009. … There was no support for the [UD] project … and certainly 
the department was moving away from all this airy fairy sustainability stuff 
back into mainstream, so tolerance for innovative ideas had evaporated by 
then. 

 
Availability of resources after the drought was linked to changing investment 
priorities in the water sector; these changing priorities had a significant impact 
on the ongoing governance arrangements of the Ecovillage trial. For instance, 
funding cuts limited the progression of the project from Stage 1 (Demonstrating 
the UD system in practice) to Stage 2 (Beneficial reuse of urine on-site). As gov• 
ernment resources became limited, there was concomitant reduction in support 
among participants for continuing the trial in Stage 2, which would have extended 
the management and application of urine to land. As one project team member 
commented: 

 
Everyone who was involved in the project had disappeared from the depart• 
ment, all the people [that the household residents] knew on a daily basis … 
[the person installing the toilets] left before the project finished. There was 
nobody left that the community knew on a face-to-face basis. 

 
The premature ending of the UD trial meant that the inability to move on to the 
application of urine to land and the goal of trialling an on-site closed-loop nutri• 
ent cycle was not achieved. Therefore, the tangible benefits of the trial were left 
unrealized. All interviewees perceived this as the primary reason UD toilets were 
decommissioned and the vast majority of participants in the trial reverted to con• 
ventional flushing toilets. Commenting on funding cuts and declining support for 
the project during this time, one project team member noted: 

 
participants didn’t actually see those promised benefits and outcomes, they 
didn’t see great rice fields [fertilized] from urine, they didn’t have anything 
tangible to see from their efforts … because the project died … so maybe one 
of the reasons why [participants opted for decommissioning and installing] a 
standard toilet was because there was never any clear benefits. 
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Informal institutions: Social networks, 
commitment and cultural knowledge 
The project needed regulatory approval and support. In addition, however, human- 
centred factors emerged as important, including the establishment of mutually 
beneficial relationships between researchers and government departments as well 
as with established social networks that were critical for enabling the trial in the 
early stages of planning. In particular, the creation of a supportive social net• 
work, and commitment and buy-in from users and champions within government 
departments, created momentum for the UD trials and helped to overcome barri• 
ers. These networks sustained a normative environment favourable to the UD trial 
in the early days of the project. 

The normative dimension of institutions emphasizes the “prescriptive, evalua• 
tive, and obligatory dimensions” of social life (Scott 2001, p. 54). Values of pre• 
ferred or desirable outcomes and norms, specifying how things should be done, 
constitute normative institutions. Defining how things should be done in a trial 
requires more than following standards: it requires discussion between relevant 
actors negotiating the use, management and regulation of innovation. Overall, 
the formation of supportive social networks, and a commitment and buy-in 
from stakeholders, was a significant contributor to the legitimization of the trial. 
Conversely, the eventual deterioration of this support system and consequent lack 
of participant commitment ultimately led to the trial’s failure. 

 
 

Social networks: Building on existing 
relationships with strategic stakeholders 

There are a multitude of factors that have the potential to affect the success of 
collaborative initiatives in innovative projects. In particular, this research iden• 
tified the role of social capital in the shape of networks, norms and trust that 
enabled participants to act more effectively together to pursue shared objec• 
tives. More specifically, the importance of trust, built upon existing relation• 
ships with government departments, overcame many of the “grey areas” of 
regulation associated with installing and operating UD systems as a novel sys• 
tem of sanitation. All members of the project team referred to the importance of 
existing relationships with government departments and public servants within 
city councils in the planning and development of the trial. One project team 
member recalled: 

 
[government departments didn’t] throw up any road blocks … they could 
have just said this isn’t within regulations so we’re not going to support it and 
could have been very bureaucratic … the reason that didn’t happen is because 
we did actually have a good relationship [with them] … we got public serv• 
ants approval [for the plumbing] and they contacted the plumbing inspector 
and that was enough. A lot of the process was built on trust. There was a lot 
of trust there … [and] a previous [working] relationship. 
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Trust was translated into commitment and buy-in from government departments 
in planning the Ecovillage trial, and was identified not only as a means of negoti• 
ating regulatory barriers but also as a way of recruiting other critical stakeholders 
and organizations into the project. As one project team member of the trial recalls: 

 
Once we had their [the Department of Health and Environmental Protection 
Agency’s] in-principle approval, it was very easy to get the rest on board … 
Once we had a consenting site, we could talk to people, design the fliers, we 
could say “this has approval by the government and Department of Health” 
and that endorsed the project and led to its legitimacy. 

 
Particularly for innovative trials of technologies that are radically different from 
the mainstream, engagement of a range of actors from industry and government 
has the potential to legitimize the system and set a precedent for the trial and 
installation of future systems. The Ecovillage became a role model for other UD 
trials within Australia, where learning was centred, not only around technologi• 
cal aspects of the system but also the social and institutional lessons involved in 
trialling UD innovation in practice (Mitchell et al. 2013). It was evident that the 
technology was not implementable without supportive social capital, particularly 
networks connecting industry and government but also at the community and 
household scale where there was a willingness to participate in the project and 
connect with, and provide feedback on, the innovative technology. 

 
Commitment and buy-in: Green motivations 
and investment in innovation 

The most enduring UD systems internationally are those that have been collabo• 
ratively organized and/or managed by end-users, such as co-operative housing 
estates and eco-villages (Fam and Mitchell 2013). Lessons learned from these 
“early adopters” of UD system trials have contributed to knowledge develop• 
ment and feedback to manufacturers in developing iterative UD toilet models 
(Kvarnstrom et al. 2006). The social driver for these communities was not in trial- 
ling UD as an isolated technology but rather in situating it in relation to a broader 
vision of what sustainable development means for community living (Krantz 
2005). Such ideas resonated with the philosophical views of the Ecovillage resi• 
dents where the adoption of UD systems aligned with broad beliefs about sustain• 
able living. 

Participants in the UD trial constituted a “non-average” group of household 
residents. Preliminary assessment using Dunlap’s (2008) New Environmental 
Paradigm tool revealed all residents scored above average on the scale of “green” 
commitments to sustainable living. Residents invested in ecological living by pur• 
chasing properties with clear commitments to sustainability in the Ecovillage. 
This was evident through their personal practices and intrinsic motivations 
to support sustainability initiatives, such as using rainwater tanks, composting 
green waste, recycling, building energy-efficient homes with recycled materials, 
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prohibiting domestic carnivores as pets and growing food locally. Residents were 
willing to accommodate the inconvenience of adopting UD systems and the chal• 
lenges associated with first generation technology because of strongly held beliefs 
about the necessity of reducing their environmental impact. By contrast, trialling a 
novel of system of sanitation in an unprotected, uncontrolled and public environ• 
ment in which participants were not committed to the philosophy of sustainable 
living would have been much more challenging in terms of gaining commitment 
and buy-in to the project. One project team member, commenting on the level of 
commitment by residents, mentioned that: 

 
The community took to it, it was received well, they were a forgiving audi• 
ence [and] a very deep shade of green, the way it was received and the way 
it was engaged once they were on board … they didn’t change their mind. 

 
While the commitment to the project by household residents was driven by a 
strong belief that recovery and reuse of nutrients from wastewater was of environ• 
mental benefit, there was a lack of investment by residents in the infrastructural 
(i.e., UD toilets and their installation), operational (i.e., urine collection, storage 
and pump out) and/or technological (i.e., UD toilets) components of the system. 
This lack of financial buy-in was perceived by all members of the project team as 
one of the factors that contributed to the project not lasting beyond the trial period: 

 
There wasn’t sufficient “pay for buy-in.” If someone gives you an Alfa 
Romeo to drive and at the end of two years they ask you to pay for it, they’d 
probably say, “Oh no, I don’t think so.” (Project Team Member) 

When push came to shove we were subsidizing everything [during the trial, 
including pump out costs] and at the end of the day they decided not to con• 
tinue the trial because they had to pay … between $200–500/year each to 
continue the pump outs – I don’t think I would go down that road again. 
There wasn’t sufficient … buy-in. (Project Team Member) 

 
While issues contributing to the early end of the trial have been clearly identified, 
including funding cuts, there was also a lack of normative institutionalization. 
Green sympathies did not necessarily translate into normative support for a long- 
term financial commitment. Embedded experiential, disciplinary and cultural 
knowledge amongst both the end-users and tradespeople installing the system 
was also lacking in the Ecovillage trial. There is an evident difference between 
being “guinea pigs” in a trial and being stakeholders in an ongoing project. While 
the end-users were happy to be recruited to a project that felt good and cost noth• 
ing, they were less enamoured of sustaining the project when the costs of doing so 
were noticeably greater for them personally than being connected into the normal 
sewer line. The formal regulatory environment was only a part of the institutional 
framing; in addition, there had to be strong stakeholder commitment, a normative 
as well as a regulatory pillar. 
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Experiential, disciplinary and cultural knowledge 

While experiential knowledge of UD systems in the Australian context was clearly 
lacking at the time the Ecovillage trial was installed, international expertise was 
abundant and sought after by project team members who engaged leading research 
institutes in Sweden, Switzerland, and Germany. As a result significant learning 
across multiple dimensions of the system had been documented and published 
from a range of international perspectives (Blom 2009; Blume 2008; Drangert 
1998; Peter-Fröhlich, Pawlowski, Bonhomme and Oldenburg 2007) before the 
Ecovillage trial was planned and installed. The main difference in international 
experiences of UD in comparison to Australia was that most installations overseas 
were conducted in apartment blocks with centralized urine storage rather than 
individual homes, as was the case in the Ecovillage trial. While there is a sub• 
stantial body of international research on UD from elsewhere (e.g., Larsen 2020; 
Udert, Larsen and Gujer 2003) that provides a valuable foundation, this is not 
a substitute for complementary local knowledge developed under specific local 
conditions which differ in regard to climate, plumbing practices, regulatory codes 
and other features. Australian trials of UD systems in Sydney and Victoria that 
were informed by the Ecovillage trial have subsequently contributed to expanding 
the international knowledge base by installing UD systems in different Australian 
geographical and planning contexts. These include a multi-story public institu• 
tional setting (Mitchell et al. 2013) and residential households (Fam et al. 2013). 
Different types of users have been engaged in these trials including staff and visi• 
tors at a sustainability research institute within a university setting and residents in 
a rural residential suburb in Kinglake, Victoria (Fernando et al. 2014). The value 
of reproducing UD trials in different geographic and state-wide contexts is that a 
depth of knowledge is gained on how UD systems function under different regula• 
tory frames, climatic conditions, cultural sensibilities and management contexts 
while contributing to aggregated learning of UD systems in practice. 

The lack of local experience by a range of stakeholders installing (i.e., trades• 
people), using (i.e., household residents) and managing, maintaining and regu• 
lating (i.e., government regulators) UD systems meant unexpected lessons were 
learned locally. In particular, lack of disciplinary knowledge in installing UD sys• 
tems by plumbers and builders was identified as a significant barrier to overcome. 
The challenge for tradespeople was in adapting prescriptive plumbing and building 
routines normalized on more centralized and bureaucratically regulated solutions; 
this difficulty has been noted in all three UD trials in Australia (Mitchell et al. 
2013; Fam et al. 2013; Beal et al. 2008). Unfamiliar specifications for plumbing 
fixtures for UD toilets and collection tanks required tradespeople to work outside 
conventional norms, practices and guidelines. Recalling the challenge of chang• 
ing norms and practices of tradespeople, one project team member noted: 

 
The plumbers put them in the wrong way, they’d tile over something or didn’t 
leave an access hole, trying to bend the brass urine pipe, they broke a few 
[toilet pans] … the biggest problem was changing the mindset of plumbers. 
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… It’s more work for plumbers and [you need to] make sure that they got the 
[pipe gradients] right to stop blockages. 

 
Subsequent trials of UD systems in Sydney (Abeysuriya et al. 2013) and Victoria 
(Fam et al. 2013) reflected similar experiences as the Ecovillage trial, with trades• 
people failing to follow installation instructions that required them to work out• 
side conventional disciplinary guidelines. In the Sydney trial, for example, the 
plumber did not follow the manufacturer’s instructions but rather defaulted to 
conventional plumbing practices. The s-bend odour trap in the pipework of the 
UD toilet was therefore incorrectly installed, causing poor urine drainage and 
subsequent odour issues. Such failures exemplify a valuable lesson on the need 
for the institutional entrepreneurs of innovative projects to engage closely with 
local tradespeople, such as plumbers, whose training might be compliant with 
paramount local plumbing codes yet be incompatible with installing UD systems 
in Australia (Abeysuriya et al. 2013). Local, practice-based research is required 
to further develop detailed technical guidelines for the installation of UD at scale 
in Australia. 

The scientists involved always conceived of the Ecovillage trial as a short-term 
research project. They expected to learn about the technical and social dimen• 
sions of successfully implementing UD in practice. The scientists, however, did 
not consider the long-term viability of the systems in regard to educating and 
empowering the community to take on the responsibility of self-managing the 
system after the research period ended. Doing so was essential to long-term sus• 
tainability, but it was not part of the scope of the trial; rather, the focus was more 
on proof-of-concept relating to the technical side of the trial (e.g., extracting data 
from the trials) rather than ensuring that the system would be sustainably embed• 
ded for the long term in the local community. 

Interviews with household residents involved in the Ecovillage trial high• 
lighted (unsurprisingly) the lack of experiential knowledge of using urine on-site, 
even though interest in knowing how to close the nutrient cycle and reuse urine in 
horticultural settings in the community was identified: 

 
It would have been our (the community’s) responsibility to reuse the urine 
[when the trial ended] and it was just going to be hard work for just a few 
people who might have been interested in following it through without the 
knowledge and without the history … or the understanding (Ecovillage 
resident). 

 
As one enthusiastic resident mentioned: 

 
It’s a shame [the collected urine wasn’t used], because we all do a lot … in a 
place like this by voluntarily contributing to the community – that’s just the 
way a place like this operates and a lot of people already do a lot … voluntar• 
ily … using urine could have been something we did. 
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Discussion 
If research is to contribute to the institutionalization of innovative technologies 
in practice, there is a need to facilitate the transfer of knowledge beyond the 
project team to other relevant stakeholders – ideally, an interdisciplinary range 
of stakeholders – as highlighted in this chapter. An important lesson is that sci• 
entific research must be interdisciplinary; social researchers, skilled in action 
research, are required. Stakeholders involved in using, managing, maintaining 
and regulating the system need to be collaboratively involved in developing sus• 
tainable management systems. One challenge for researchers is the availability 
of funding and constraints on its use. Often, funds are restricted to technological 
research only, with applied social research not being considered as appropriate 
for funding. Decisions about funding research projects that are narrowly techni• 
cal with respect to what can be charged and supported do not always allow for 
the necessary involvement of skilled researchers with relevant cross-sectoral 
and industry stakeholders, such as the end-users, plumbers, regulators and water 
utilities. The benefit of knowledge transfer and collaboration with these stake• 
holders is that it allows actors to participate meaningfully, gain experience and 
develop new practices, all of which are necessary in the process of creating new 
institutions and securing the long-term viability of innovative technologies in 
practice. 

There is increasing acknowledgement by sustainability scholars that long-term 
engagement and participation of relevant stakeholders in the design, planning and 
management of innovative systems contribute to facilitating large-scale socio• 
technical change (Guest et al. 2009). Social research involvement, particularly 
for interdisciplinary approaches, is essential to securing these outcomes. Through 
inclusion of stakeholders in the planning and decision-making process, project 
managers have the potential to facilitate social learning, minimize and resolve 
conflicts, elicit and adopt local knowledge, achieve greater public and stake• 
holder acceptance of innovative systems of service provision over the long-term 
(Giupponi, Jakeman, Karssenberg and Hare 2006), and see innovations better sup• 
ported and used in practice. While there is no way of knowing whether residents 
would in fact have contributed to the application of urine as fertilizer in practice, 
had there been enabling regulations and resources to support adequate knowledge 
transfer, there are indications that the organizational structure of the Ecovillage 
had the potential to facilitate community participation in voluntarily managing the 
system after the trial had ceased. 

What this research has highlighted in analyzing the emergence of UD systems 
as a novel system of sanitation, from an institutional perspective, is that the UD 
trial provided insight into the potential impact of changing political preferences 
and the investment in, and ongoing support for, innovative projects. Regulatory 
dynamics acted in two ways in the trial: as a positive enabler of funding where 
UD was philosophically linked to the emergence of grey water regulations, and as 
a negative influence on the maturation of UD where a lack of guidelines for urine 
application limited its development. 
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Positive social networks and existing working relationships between project 
team members and strategic government and industry stakeholders proved to be 
an important factor in overriding potential regulatory barriers to innovation. The 
value of social capital in the innovation process emerged not only with regard 
to the importance of existing working relationships but also in developing new 
working relationships to support the emergence of innovative technologies. In 
particular, the transfer of knowledge to those using, managing and maintaining 
innovative systems is critical, as is working closely with tradespeople needing to 
perform tasks outside established guidelines and norms. Often-overlooked social 
and participatory features of the institutional environment, barely visible from 
the test bench or technology assemblages, can make or break innovation. Local 
plumbing and building knowledge embedded in a set of standards designed for far 
more centralized and standardized systems are a case in point. It would be easy to 
assume that the installers of the system would play a relatively minor role in the 
project, but in fact they were capable of inadvertently undermining the institution• 
alization of sophisticated UD systems through their routine actions. Additionally, 
opportunities for higher-status contributions to scientific knowledge were limited 
by the very different patterns of urban settlement between a European urban space 
shaped by apartment dwelling, and an Australian urban space shaped by indi• 
vidual and self-contained houses. Existing cultural norms such as “volunteerism” 
were an underutilized form of social capital that could have had the potential to 
contribute to the ongoing use and self-management of UD systems in the com• 
munity over the long term, as knowledgeable participants could lead socialization 
of others not so well-versed. 

 
Conclusion 
Innovation processes may be facilitated or hindered by events occurring outside 
of the system, including new political preferences, such as for more sustainable 
solutions in the midst of a major drought, or technological breakthroughs such as 
urine capture. The institutional framing of emergent innovative projects is con• 
stantly evolving, and is responsive to environmental, economic and political trig• 
gers. As a result, windows of opportunity facilitating the emergence of innovation 
may close (or indeed open) as institutional preferences change. Managing the 
politics of major innovations in basic infrastructure, such as sanitation systems, 
means attending to both the formal and informal institutional settings in which 
they exist. In the future, it would be advisable to explicitly audit institutional 
infrastructure prior to initiating similar innovation projects. 

Investing in technological innovation without consideration of the complex 
institutional dynamics in which it must function has the potential to relegate 
promising technological solutions to failure. This chapter has explored a specific 
case of emerging innovation – decentralized UD systems in a peri-urban setting – 
whose institutional context played identifiable roles both in securing its initial 
success and subsequently in hindering successful development of the complete 
stages of the Ecovillage trial. 
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Take-home messages 
Think beyond a project lifecycle (and technology) and consider interdiscipli• 
narity to prompt longevity of a project beyond its budgeted lifecycle. The lack of 
foresight resulting in the failure to build on the existing social capital for long- 
term success of the UD system was an oversight. In this project the scientists were 
focused more on fulfilling the research goals for the life of the project than on 
supporting the key elements (i.e., the people) of the project who would actually 
ensure longevity beyond the project lifecycle. 

Never undervalue the power of social mapping and political economy 
analysis prior to commencing an interdisciplinary project that is technically- 
driven but relies on community participation. Such an analysis will enable a thor• 
ough understanding of the political and socio-cultural context surrounding the 
project and the potential barriers and enablers for success (or failure!). For exam• 
ple, at the community scale, the project participants (and non-participants) were 
initially activated, engaged and motivated to support the UD project beyond the 
life of the project, but this support did not eventuate due to a number of poorly 
understood barriers. Better social mapping of the Currumbin residents could have 
informed a more resilient “exit” strategy for the UD project. At the government 
scale, the appetite for long-term engagement with the UD technology was clearly 
not there from the outset, and the interrelated reasons for this lack of interest have 
been described in this chapter. Again, a thorough understanding of the political 
climate and institutional dynamics at the time would have perhaps reshaped and/ 
or reframed long-term expectations of the longevity of the project (i.e., it was 
hoped that people would continue to use UDs and would be self-motivated to seek 
permission for urine reuse). 

The maxim of “under-promise and over-deliver” needed to be a stronger 
fundamental principle of this project. In reality, the goals were too ambitious, 
given the novelty of the technology that required approval and ongoing support 
from an inherently conservative public health regulator. 

 

References 
Abeysuriya, K., Fam, D., Mitchell, C. 2013. Trialling urine diversion in Australia:    

Technical and social learnings. Water Science and Technology, 68(10), 2186–2194. 
Beal, C., Gardner, T., Ahmed, W., Walton, C., Hamlyn-Harris, D. 2008. Urine separation   

and reuse trial. Water, 35(1), 66–69. 
Berndtsson, J. C. 2006. Experiences from the implementation of a urine separation system: 

Goals, planning, reality. Building Environment, 41, 427–437. 
Blom, L. 2009. Acceptability of urine diversion toilets at Mondalstad primary school 

(Personal Communication). 
Blume, S. 2008. Two years of experiences from a urine diversion project in GTZ 

Headquarters, Eschborn, Germany. Paper presented at the IWA World Congress and 
Exhibition, Vienna, Austria. 

Cordell, D., Drangert, J.-O., White, S. 2009. The story of phosphorus: Global food security 
and food for thought. Global Environmental Change Journal, 19, 292–304. 



Over-promising and under-delivering 93 
 

Department of Sustainability and Environment. 2004. Our water, our future: The next 
stage of the government's water plan. Available from: http://images.theage.com.au/fi 
le/2011/12/09/2828453/water_policy.pdf. 

Drangert, J.-O. 1998. Fighting the urine blindness to provide more sanitation options. 
Water SA, 24(2), 157–164. 

Dunlap, R. E. 2008. The new environmental paradigm scale: From marginality to 
worldwide use. The Journal of Environmental Education, 40(1), 3–18. 

Fam, D., Mitchell, C. 2013. Sustainable innovation in wastewater management: Lessons 
for nutrient recovery and reuse. Local Environment, 18(7), 769–780. 

Fernando, R., Cook, S., Narangala, R., Pamminger, F., Gellie, A., Sharma, A., Wrigley, R. 
2014. Decentralised sewage servicing – evaluation of a yellow water, grey water and 
black water trial: Review of the Kinglake West sewage project by Yarra Valley Water 
in Victoria Water, November 2014, 41 (7), 41–53. 

Geels, F., Hekkert, M. P., Jacobsson, S. 2008. The dynamics of sustainable innovation 
journeys. Technology Analysis and Strategic Management, 20(5), 521–536. 

Giupponi, C., Jakeman, A. J., Karssenberg, D., Hare, M. P. 2006. Sustainable management of 
water resources: An integrated approach. Northampton, MA: Edward Elgar Publishing. 

Gondhalekar, D., Al-Azzawi, M., Drewes, J. E. 2019. Urban Water reclamation with 
resource recovery as a cornerstone of urban climate change resilience. In: W. L. Filho, 
ed., Handbook of climate change resilience. Cham, Switzerland: Springer International 
Publishing, 1–22. 

Guest, J. S. et al. 2009. A new planning and design paradigm to achieve sustainable 
resource recovery. Environmental Science and Technology, 43(16), 6126–6130. 

Harder, R., Wielemaker, R., Larsen, T. A., Zeeman, G., Öberg, G. 2019. Recycling 
nutrients contained in human excreta to agriculture: Pathways, processes, and products. 
Critical Review of Environmental Science and Technology, 49, 695–743. 

Hood, B., Gardner, E., Beal, C. 2009. Domestic urine separation captures plant 
macronutrients. Water – Journal of the Australia Water Association, 367, 94–99. 

Hughes, T. P. 1987. The evolution of large technical systems. In: W. K. Bijker, T. P. 
Hughes, T. Pinch, eds. The social construction of technological systems: New directions 
in the sociology and history of technology. MA: MIT Press, Vancouver. 

Krantz, H. 2005. Matter that matters: A study of household routines in a process of 
changing water and sanitation arrangements. (PhD), Linkoping; Linkoping University. 

Kvarnstrom, E. et al. 2006. Urine diversion: One step towards sustainable sanitation. 
Stockholm Environment Institute. Available from: https://www.sei.org/publications/ur 
ine-diversion-one-step-towards-sustainable-sanitation/. 

Larsen, T. A. 2020. Urine source separation for global nutrient management. In: D. J. 
O’Bannon, ed. Women in water quality: Investigations by prominent female engineers. 
Cham, Switzerland: Springer International Publishing, 99–111. 

Larsen, T. A., Udert, K. M., Lienert, J. 2013. Source separation and decentralization of 
wastewater management. London: International Water Association (IWA) Publishing. 

Lopes, A., Fam, D. M., Williams, J. 2012. Designing sustainable sanitation: Involving 
design in innovative, transdisciplinary research. Design Studies, 33(3), 298–317. 

McConville, J. R., Kvarnström, E., Jönsson, H., Kärrman, E., Johansson, M. 2017. Source 
separation: Challenges and opportunities for transition in the Swedish wastewater 
sector. Resource Conservation and Recycling, 120, 144–156. 

Mitchell, C. A., Fam, D. M., Abeysuriya, K. Institute for Sustainable Futures, UTS 2013, 
Transitioning to sustainable sanitation: a transdisciplinary pilot project of urine 
diversion, pp. 1–137. Sydney. 

http://images.theage.com.au/
http://images.theage.com.au/
https://www.sei.org/
https://www.sei.org/


94 Cara Beal, Dena Fam and Stewart Clegg 
 

Natural Resource Management Ministerial Council, Environment Protection and Heritage 
Council, Australian Health Ministers’ Conference. 2006. National guidelines for water 
recycling: Managing health and environmental risks. URL: https://www.awa.asn.au/Do 
cuments/water-recycling-guidelines-health-environmental-21.pdf. Accessed Jan. 10th, 
2019 

Neset, T., Cordell, D. 2011. Global phosphorus scarcity: Identifying synergies for a 
sustainable future. Journal of the Science of Food and Agriculture, 92(1), 2–6. 

Peter-Fröhlich, A., Pawlowski, L., Bonhomme, A., Oldenburg, M. 2007. EU demonstration 
project for separate discharge and treatment of urine, faeces and greywater – part I: 
Results. Water Science & Technology, 56(5), 239–249. 

Power, K. 2010. Recycled water use in Australia: Regulations, guidelines and validation 
requirements for a national approach. Available from: http://www.geo-processors.com/ 
_downloads/Power-2010-Recycled_Water_Use_Aust.pdf. 

Queensland Plumbing and Drainage Act. 2002. Available from: https://www.legislation.q 
ld.gov.au/view/pdf/repealed/current/act-2002-077. 

Rip, A., Kemp, R. 1998. Technological change. In: E. Malone and S. Rayner, eds. Human 
choice and climate change, vol. 2. Colombus, OH: Batelle Press, 327–399. 

Scott, R. 2001. Institutions and organisations. 2nd ed. Thousand Oaks, CA: Sage 
Publications. 

Simha, P., Ganesapillai, M. 2017. Ecological sanitation and nutrient recovery from human 
urine: How far have we come? A review. Sustainable Environment Research, 27, 
107–116. 

Smith, A., Raven, R. 2010. Niche protection in transitions to sustainability. Paper presented 
at the EASST conference: Practicing science and technology, performing the social, 
Trento, Italy. 

Uddin, S. M. N., Muhandiki, V. S., Sakai, A., Mamun, A. A., Hridi, S. M. 2014. Socio• 
cultural acceptance of appropriate technology: Identifying and prioritizing barriers 
for widespread use of the urine diversion toilets in rural Muslim communities of 
Bangladesh. Technology in Society, 38, 32–39. 

Udert, K. M., Larsen, T. A., Gujer, W. 2003. Estimating the precipitation potential in urine- 
collecting systems. Water Research, 31(11), 2667–2677. 

Ziegler, R. 2019. Viewpoint − water innovation for a circular economy: The contribution 
of grassroots actors. Water Alternatives, 12(2), 774. 

https://www.awa.asn.au/
https://www.awa.asn.au/
http://www.geo-processors.com/
http://www.geo-processors.com/
https://www.legislation.qld.gov.au/
https://www.legislation.qld.gov.au/

	Introduction
	Urine diversion and institutional framing
	The case study and the methods of inquiry
	Formal institutional environment: Regulatory frameworks, policies and guidelines
	Resource mobilization and changing political climates

	Informal institutions: Social networks, commitment and cultural knowledge
	Social networks: Building on existing relationships with strategic stakeholders
	Commitment and buy-in: Green motivations and investment in innovation
	Experiential, disciplinary and cultural knowledge

	Discussion
	Conclusion
	Take-home messages
	References

