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Summary 

Outline 

The water and waste water sector is facing tremendous challenges to assure safe, cost-effective and 
sustainable water supply and sanitation services. The DEMEAU project aims to promote the uptake and 
implementation of four exemplary technologies/methods that have resulted from previous EU research, 
enabling the water cycle sector to face emerging pollutants and thus securing water and waste water 
services and public health. This is partly done by identifying the unique selling propositions of each 
technology, complemented by a multi-stakeholder assessment of implementation drivers and barriers 
throughout various subsequent stages of the innovation process. This report presents the results of the 
drivers and barriers assessment, conducted within DEMEAU Work Package 5.2. 

Six case studies were selected within DEMEAU Work Area’s 1 to 4, each focussing on one of the four 
innovative solutions: 

Work Area Case studies 

WA1: Managed Aquifer Recharge (MAR)  1A: MAR at Sant Vicenç dels Horts (Spain) 

 1B: MAR at Meijendel / Berkheide (The Netherlands) 

WA2: Hybrid ceramic membrane filtration (HCMF) and 
automatic neural net control (ANCS) 

 2A: HCMF at WWTP Birsfelden (Switzerland) 

 2B: ANCS at WAG Nordeifel (Germany) 

WA3: Advanced oxidation processes (AOP)  3: Ozonation at WWTP Neugut (Switzerland) 

WA4: Bioassays  4: Bioassays at Waternet (The Netherlands) 

 

Concepts and methods 

For the assessment of drivers and barriers enabling or constraining the implementation of innovations in  
micropollutant removal a conceptual framework was developed, covering four analytical levels of 
institutional capacity in socio-technical systems: the contextual level (e.g. environmental impact of 
innovation, availability of guidelines and regulations, etc.), the inter-organizational level (e.g. effectiveness 
of cooperation, distribution of resources, role clarity, etc.), the intra-organizational level (availability of 
financial resources, organizational culture, compatibility with existing procedures, etc.) and the individual 
level (personal knowledge, skills and motivations). 

These analytical levels have been operationalized into an online survey, by means of an initial inventory of 
implementation barriers among the leaders of Work Areas 1 to 4 and the literature available. Within each 
case study stakeholders that have been involved in one or more stages of the innovation process (e.g. idea 
generation, design, pilot testing, policy development, authorization and up-scaling to full-scale operation) 
were invited to participate in the online survey. They were asked to indicate to which degree several 
aspects on the four analytical levels that enabled or constrained the development and/or the 
implementation of the innovation in their case and to elaborate on their ratings in as much detail as 
possible. 
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Results 

Generally, drivers manifested themselves within the six cases predominantly on the inter-organizational 
level, mainly relating to good relations between stakeholders, the availability of an established network 
with trusted and knowledgeable experts and effective cooperation. Furthermore, the individual aspects 
have been identified as main drivers; especially the combination of technological knowledge (from 
developers, researchers or consultants) and situational knowledge on the implementation context proved 
to be a success factor for actual implementation. The presence of motivation (to engage with innovation, 
but also - even more important - to learn from each other) was also identified as a universal 
implementation driver. 

Barriers were mainly identified on the contextual level, related to the embedding of the innovations into 
policies and regulations. Relevant policies lack a demand for optimal efficiency, a demand for improved 
quality and/or specific guidelines for the respective methods and technologies. Furthermore the intra-
organizational aspect of financial resources was oftentimes identified as a barrier; governmental institutes 
are presently tight on budget, the developing stakeholders often do not have the means to invest, and 
water utilities tend to be driven mainly by regulatory thresholds (which are lacking often as mentioned 
before). 

For each innovative technology within the DEMEAU project, the predominant drivers and barriers have 
been specified: 

 

Innovation Dominant drivers and barriers 

MAR (+) MAR is perceived (by experts) as an optimal solution where multiple uses of an area are combined in 
a good and efficient way.  

(+) Involving authorities from the very beginning of the MAR projects proved to be an effective 
acceptance strategy and accelerating eventual implementation. 

(-) Because of (unfounded) fear for environmental degradation (physical intervention in environment), 
public opinion tends to be negative regarding MAR projects, especially when reclaimed water is planned 
to be infiltrated. 

(-) MAR solutions are very context specific, which makes it difficult to establish general policy and 
regulations for MAR. 

(-) This non-generalized approach makes it also very difficult to refer to experience from other 
(international) cases. 

HCMF & ANCS (+) Good cooperation among stakeholders and previous collaborative experience. 

(-) Public debates center on the question whether we should trust decision-making by computers as 
much as decision-making by people (emotion, trust in artificial intelligence). 

(-) Automation is perceived to cause decrease of required capacity and job losses, which might affect 
employees’ motivation to engage with the innovation. 

(-) A regulatory demand for more efficient and energy-saving solutions is lacking. 

(-) The exact influence of the ANCS on the whole process of water treatment is still unknown (more tests 
are required, for which only few financial resources are available). 

AOP (+) Close collaboration between the various stakeholders and previous collaborative experience, 
creating trust and facilitating a successful role distribution and clarity. 

(-) Lack of clarity on which regulations/legislation apply for this technology; regulations have to be 
adapted for full-scale implementation of this technique, which takes a lot of time. 

Bioassays (+) A pro-active developing partner, addressing every opportunity to engage a broad set of stakeholders 
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in (subsidizes) bioassay related projects. 

(+) Bioassays are relatively easy to take into operation, which makes the threshold for potential end 
users to get involved in these projects relatively low. 

(+) Bioassays are complementary screening methods that would fit very well in the existing monitoring 
procedures. 

(-) The potential benefits of bioassay application for water monitoring are not included in existing 
policies, regulations or procedures. In order to do this, validation to determine threshold values is 
required (which requires financial resources that are not available). 
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1 Introduction 

1.1 DEMEAU: Demonstration of promising technologies  

The water and waste water sector is facing tremendous challenges to assure safe, cost-effective and 
sustainable water supply and sanitation services. DEMEAU promotes the uptake of knowledge, prototypes 
and practices from previous EU research enabling the water cycle sector to face emerging pollutants and 
thus securing water and waste water services and public health. The project exploits four groups of 
promising technologies from previous EU research (figure 1): 

 Managed aquifer recharge 

 Hybrid ceramic membrane filtration and 
automatic neural net control 

 Advanced oxidation processes 

 Bioassays 

Exploitation takes place through action research with 
universities, research institutions, innovative SME’s, 
water utilities as launching customers and policy makers. 
Existing and improved methodologies are used to assess 
performance of the novel technologies and to 
demonstrate their suitability and cost-effectiveness. 
Moreover, drivers and barriers regarding implementation 
of the innovations are explored within various cases by 
means of social scientific methods. To foster a broader 
impact and market penetration of the technologies, 
DEMEAU seeks cooperation with relevant policy makers, 
regulators and standardization bodies on Member State 
and European level in order to address the identified 
implementation drivers and barriers. 

1.2 WA 5: Toward unique selling propositions and 
overcoming market barriers 

The objective of Work Area 5 is – in response to rising concerns about micropollutant contamination in 
waste water and drinking water sources – to assess the sustainability and market barriers of four 
innovative DEMEAU technologies involved in micropollutant removal (WA1 – WA3) or screening (WA4).  

The sustainability assessment is based on environmental, economic and social aspects of application of 
micropollutant removal technologies. Environmental footprints and economic implications of the emerging 
technologies will be analysed by environmental Life Cycle Assessment (LCA) and Life Cycle Costing (LCC) 
and compared with existing reference technologies. An analysis of stakeholders’ experiences and 
expectations will identify drivers and barriers for the market uptake of these technologies1. Based on the 
results of LCA, LCC and implementation drivers and barriers, DEMEAU WA5 explores and will finally 

                                                                    
1
 LCA and LCC are covered in Work Package 5.1. The barriers analysis is covered in Work Package 5.2, of which this 

deliverable is a result. 

Figure 1 Overview of the DEMEAU project 
organization 

(Source:http://www.demeau-fp7.eu) 
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propose effective implementation routes for promising water technologies, based on their unique selling 
propositions. 

1.3 WP 5.2: Enabling and constraining factors for successful technology implementation 

Identifying and stressing the unique selling propositions of each technology is a crucial prerequisite but not 
sufficient for a successful market penetration. In order to assure a swift uptake and achieve high 
implementation rates the following additional issues will be addressed for these new technologies in Work 
Package 5.2: 

• Implementation drivers (enabling factors) and barriers (constraining factors): for the identified 
innovative technologies obstacles and difficulties for implementation need to be overcome. 
Especially available and required capacities, organisational, institutional and regulatory barriers 
have to be carefully taken into account. Lessons about implementation drivers and barriers should 
be learned from previous experiences.  

• Recommendations for impact: For each new technology demonstrated in WA1 - WA4 specific 
recommendations have to be formulated for their most promising application areas. 

1.4 Roadmap to this deliverable D52.1 

This document represents deliverable 52.1, one of the outputs of Work Package 5.2. Enabling factors 
(drivers) and constraining factors (barriers) for the implementation of the DEMEAU technologies are 
identified at four different analytical levels (contextual, inter-organizational, intra-organizational and 
individual level) from the perspectives of various stakeholders that are involved in the development and 
implementation in six selected case studies (table 1). 

 

Table 1 Overview of selected case studies for WA5 

Work Area Case studies 

WA1: Managed Aquifer Recharge  1A: Sant Vicenç dels Horts (Spain) 

 1B: Meijendel / Berkheide (The Netherlands) 

WA2: Hybrid ceramic membrane filtration and 
automatic neural net control 

 2A: WWTP Birsfelden (Switzerland) 

 2B: WAG Nordeifel (Germany) 

WA3: Advanced oxidation processes  3: WWTP Neugut (Switzerland) 

WA4: Bioassays  4: Waternet (The Netherlands) 

 

Chapter 2 presents the conceptual framework that forms the basis of this drivers and barriers analysis and 
the applied methods. The selected concepts have been operationalized into an online survey, as explained 
in chapter 2, to assess the experienced and/or expected implementation drivers from the perspectives of 
various stakeholders in each case study. The results of this assessment, followed by a synthesis across the 
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different cases, are presented in chapter 3. Chapter 4 concludes with the most important insights and 
recommendations. 
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2 Concepts and Methods 

This chapter presents the concepts that are at the basis of the drivers and barriers assessment regarding 
uptake and implementation of innovative technologies from a system’s perspective (paragraph 2.1). The 
resulting framework (paragraph 2.2) is built on theories on the diffusion of innovations in socio-technical 
systems and institutional capacity development. A four-step case study methodology – based on the 
conceptual framework – is applied to measure implementation drivers and barriers for the four DEMEAU 
technologies (paragraph 2.3) 

2.1 Literature review: innovation in socio-technical systems 

The aim of this research is to identify enabling factors (drivers) and constraining factors (barriers) in the 
process of development and implementation of selected novel technologies for (optimized) screening 
and/or removal of micropollutants in water. A system’s perspective was chosen to be able to conduct a 
structured assessment of implementation drivers and barriers, as perceived by various involved 
stakeholders. This paragraphs presents which insights on innovation implementation that are already 
available in existing literature. 

2.1.1 Socio-technical system’s perspective 

Water systems can be regarded as large systems of complex interactions and processes in a physical 
network of natural and engineered water structures. However, an essential component influencing the 
functioning of such large systems is the more intangible social side of it, encompassing for example 
stakeholders’ interests, designers’ guiding principles, governing policy rules and regulations (Hughes, 1987; 
reviewed by de Graaf, 2009). Because of this, such systems are also known as ‘socio-technical systems’.  

Socio-technological systems tend to evolve continuously towards a stable state, in which the various 
components of the system are carefully balanced. Establishing change in such a context thus means that 
the system needs to be destabilised, requiring a certain momentum. Generally, large systems will allow 
incremental change to take place that does not threaten the established system interconnections (Hughes, 
1987). However, the uptake of innovative water technologies could also mean that a more radical change 
is needed, requiring a bigger force to unbalance the system and lead it towards a new synergetic status 
quo. This process of transition is where barriers need to be overcome for successful implementation of 
innovative practices. This is especially the case in the water sector, since water and wastewater services 
are closely connected to people’s health and environmental protection. Thus, this sector is naturally more 
conservative towards innovation and uptake of new technologies, as reliability and continuous operation 
with predictable costs are of highest priority for the responsible stakeholders, (e.g. operators, regulators). 

Considering these socio-cultural systems on a less abstract level, they can be perceived as networks of 
stakeholders, interacting with water structures and technologies. Regarding uptake of innovations, Jeffrey 
and Seaton (2004) emphasized the importance of the extent to which stakeholders are willing and able to 
absorb, accept and utilize innovations. They called this the stakeholders’ “receptivity to innovations”. 
Furthermore, Wejnert (2002) concluded from her extended review of theories on the diffusion of 
innovations that there are two major components that influence innovation implementation next to the 
characteristics of the innovation itself. The first component involves the actors that influence the 
probability of adoption of an innovation (developers, end users, technology promoters, SME’s, researchers 
etc.). The second component includes actors influencing the adoption environment such as the public 
opinion, current trends, policies and regulations (e.g. regulators, NGOs). 
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2.1.2 Distinguishing multiple system levels 

Rip and Kemp (1989) developed a multi-level perspective, providing an analytical framework to study 
processes on and interactions between various system levels of large socio-technical systems as described 
above. In this project, to identify drivers and barriers to successful uptake and implementation of the four 
DEMEAU technologies, an adapted version of their basic framework, developed by Brown et al. (2006), will 
be applied. They identified four analytical system levels of institutional capacity, also addressing the 
stakeholder constituencies of Jeffrey and Seaton (2004) and Wejnert (2002): 

 Barriers on the contextual level: e.g. regarding enabling policies, regulations and incentives, 
and/or impact on the system’s context (environment, health, etc.). 

 Barriers on the inter-organisational level: e.g. regarding relationships, agreements and 
consultative networks among stakeholders that are needed to cooperatively promote technology 
implementation. 

 Barriers on the intra-organisational level: e.g. regarding organizational culture, procedures and 
resources within organisations for technology implementation. 

 Barriers on the individual level: e.g. regarding relevant knowledge, skills and motivation of 
involved individuals. 

2.1.3 Distinguishing multiple innovation stages: the innovation cycle 

Uptake and implementation of innovative technology is not an isolated activity. It depends on other 
activities throughout the so-called innovation cycle (such as the one used by Water Alliance, figure 2). This 
cycle shows the route from market demand and/or innovative idea to actual launching of the resulting 
innovative technology. In the various stages of this innovation cycle multiple stakeholders are required to 
get from idea to design, through piloting towards a full-scale implementation. Each stakeholder has his/her 
own view on the process and her/his own perspective on (expected) drivers and barriers within the 
innovation cycle. Therefore, implementation drivers and barriers should not only be studied on the various 
analytical social levels, but also from the different stakeholder perspectives, with respect to their role in 
the multiple stages of the innovation cycle. 

 

 

Figure 2 The Water Technology Innovation Chain, according to Water Alliance 
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(Source: Water Alliance - http://www.wateralliance.nl/) 

2.2 Conceptual framework 

Based on the existing insights described in the previous paragraph, a conceptual framework was 
established for this research. First an overview of this framework is presented, followed by the 
operationalization of the various concepts for WA5. 

2.2.1 Overview 

Combining the insights on the multiple analytical levels for assessing a social system’s institutional capacity 
(e.g. for uptake and implementation of innovative technology), the subsequent innovation stages, and the 
fact that perceived drivers and barriers vary among stakeholders, a conceptual framework was established 
as schematically depicted in figure 3. 

 

 

Figure 3 Schematic overview of the conceptual framework 

 

The conceptual framework shows stakeholders who are involved in the development and implementation 
of an innovative micropollutant removal technique. The figure only shows two stakeholders X and Y, but 
more stakeholders (e.g. U, V and W) could be involved. Furthermore, the figure shows the four analytical 
system levels of Brown et al (2006). Drivers and barriers in development and implementation of these 
innovative techniques could manifest themselves in the context in which these stakeholders operate, in 
the cooperation between stakeholders (inter-organizational), within the stakeholders’ organizations (intra-
organizational) or in the individuals that are involved. 

2.2.2 Operationalization of analytical system levels 

With regard to innovation in the field of micropollutant removal from water resources, certain specific 
aspects are expected to enable or constrain eventual implementation. By means of descriptive documents 
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on the various technologies and a broad inventory among the leaders of work areas 1 to 4 these relevant 
aspects have been identified (more information on methods in paragraph 2.3). 

Table 2 shows how the four analytical levels within the conceptual framework were operationalized for the 
in-depth assessment of drivers and barriers regarding implementation of micropollutant removal 
technologies. 
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Table 2 Content overview of the online survey 

Analytical level: Individual Intra-organizational Inter-organizational Contextual 

Relevant aspects:  Knowledge 

 Skills 

 Motivation 

 Organizational culture 

 Financial means 

 Best practices/ 
experience 

 Compatibility 

 Alternative technologies 

 Contact/ cooperation 

 Role clarity 

 Past collaborative 
experiences 

 Distribution of resources 

 Shared goals and 
(world)views 

 Public opinion 

 Landscape/ 
environmental impact 

 Health risks 

 Policies and regulations 

 Involvement of 
authorities 

 Political context 

 

2.2.3 Operationalization of innovation cycle 

As the literature review described, drivers and barriers regarding the implementation of innovations 
manifest themselves throughout various subsequent stages of innovation (collectively forming an 
‘innovation cycle’, Figure 2). In order to investigate which stakeholder types are represented in the single 
innovation stages and identify in which roles they contribute to implementation of the innovations – an 
innovation cycle for technologies regarding micropollutant removal was operationalized. The result is 
presented in table 3. An initial inventory among the leaders of work areas 1 to 4 (more information in 
paragraph 2.3 on methods) has shown that the following (types of) stakeholder play a major role in 
innovation in this context: 
 

 Developer (small-medium enterprises, research institutes, consultancies, etc.) 

 Policy maker/regulator (local, regional national and international governing authorities) 

 End user (waste- or drinking water utility – often public) 
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Table 3 Operationalization of innovation cycle for innovative technologies regarding (optimized) screening and 
removal of micropollutants in water resources 

 Innovation stage Description 

Identifying market needs 

Investigation of the needs that exist for technologies related to micropollutant removal. Sometimes 
innovation is driven by demand (from water utilities as end users – innovation pull), and sometimes 
innovation is driven by technological possibilities (discoveries at SME’s or research institutes – innovation 
push). 

Idea generation When problems or opportunities have been made explicit, ideas on possible solutions are generated. 

Research and experimentation 
Research is done (e.g. existing alternative technologies, boundary conditions of system) and first ideas and 
(partial) solutions are being tested. 

Design 
Based on the first research a design is made that addresses the identified problems around emerging 
compounds/micropollutants. 

Patent application The developer of the innovative technology applies for a patent to secure rights of intellectual property.  

Pilot projects and tests 
Pilot projects are set up to test the design. This could be done in a laboratory setting, or in a real-life 
setting at a potential end user (drinking water or waste water treatment plant). 

Technology optimization 
Based on the results of the pilot tests (parameters of the technology, boundary conditions, fit in existing 
processes and procedures) the design has to be optimized. 

Up-scaling to full scale operation 
After the test and optimization phase the innovative technology should be scaled up, in order to be 
implemented on full-scale at the water utility. 

Policy & guideline development 
Before implementation can take place, the innovation needs to be embedded in existing (or sometimes 
new) policies and guidelines. Waste- and drinking water treatment are governed by rules and regulations 
for health and environmental protection. 

Authorization, legal regulation 
Because of the bounding regulations the water utility often needs permission from local authorities to 
implement the novel solution. During this procedure the innovation is measured against regulations. 

Full-scale implementation  
Full-scale implementation can take place at the water utility (being the ‘launching customer’) when the 
innovative technology on micropollutant removal is finished and authorized. 
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2.3 Methods 

A four-step methodology was developed for this assessment of drivers and barriers regarding development 
and implementation of innovative technologies, based on the conceptual framework as presented in 
paragraph 2.2: 

1. Preliminary inventory of stakeholders and barriers (August / September 2013) 

2. Selection of case studies and stakeholders (October / November 2013) 

3. In-depth drivers and barriers assessment (December 2013 / January 2014) 

4. Synthesis and cross-case analysis (February 2014) 

 

2.3.1 Step 1: Preliminary analysis of stakeholders and barriers 

In order to operationalize the conceptual framework as presented in paragraph 2.2.1 for innovative 
technologies in the field of micropollutant removal, a preliminary inventory of stakeholders and barriers 
was done among the leaders of Work Areas 1 to 4. 

A short online survey was distributed among the Work Area leaders, asking the following questions: 

• Which stakeholders play a role in relation to the technology/implementation cases in your Work 
Area? Please provide their (organization's) name and describe their role with regard to the 
technology. 

• From your perspective, which barriers for uptake or implementation of the technology could you 
identify (at this moment or in potential future situations)? 

• Are you aware of any scientific publications (journal articles, research reports, etc.) on 
implementation barriers regarding this technology? Which ones? 

The responses have been used to identify stakeholders in the selected case studies, to do a literature 
search on previously identified drivers and barriers, and to combine all information in a first inventory of 
categories of implementation drivers and barriers in the selected cases. The result is shown in table 2 
(operationalization of the four analytical levels for the case studies on innovations in the field of 
micropollutant removal). 

 

2.3.2 Step 2: Selection of case studies and stakeholders 

Based on the information from the initial inventory (step 1) and inquiries with the contact persons for the 
selected case studies (of which an overview can be found in table 1), relevant stakeholders have been 
selected within each case study. The selection covered stakeholders from the complete innovation cycle, 
i.e.: 

 Developers: SMEs, research organizations, consultants 

 Policy makers/regulators: local, regional and national authorities 

 End users: Waste- and drinking water utilities 

The cases find themselves currently in various stages of the innovation cycle; in some cases full-scale 
implementation has taken place, whereas others have just reached the pilot stage. The results chapter 
concretely shows which stakeholders have taken part in the research for each case study. 
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2.3.3 Step 3: In-depth drivers and barriers assessment  

The preliminary barriers inventory among the leaders of Work Areas 1 – 4, combined with insights on 
implementation drivers and barriers from technology-specific literature, have served as the basis for 
operationalization of the conceptual framework into an online survey. Obtaining responses from 
stakeholders by means of a survey enabled a structured analysis across cases. 

For the in-depth assessment of drivers and barriers regarding development and implementation of the four 
innovative DEMEAU technologies, an online survey was distributed among the selected stakeholders of the 
six case studies (table 1). The survey – translated into the native languages of the respondents – consisted 
of four main parts, covering the four analytical levels of the conceptual framework. The respondents were 
asked to indicate in which stages of the innovation cycle (as operationalized in table 3) they played a role, 
and to which degree (not, some, much, very much) the relevant aspects (table 2) on the four analytical 
levels have served as enabling factors (implementation drivers) and/or constraining factors 
(implementation barriers) from their perspective. Open text fields were included for each innovation stage 
and each enabling or constraining aspect, allowing the respondents to elaborate on their ratings. 

2.3.4 Step 4: Synthesis and cross-case analysis 

Ultimately, the survey responses were analysed per case study and across cases. For each case main 
implementation drivers and barriers have been identified. A cross-case analysis was done to identify 
overarching drivers and barriers and to analyse which type of stakeholders take part in which stages of the 
innovation cycle. 
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3 Case study results 

This chapter contains the results of the assessment, obtained by means of an online survey from a 
selection of various stakeholders that have cooperated on development and/or implementation of one of 
the four DEMEAU technologies in one of the six case studies. Paragraphs 4.1 to 4.4 cover the cases at each 
of the four technologies (respectively: MAR, HCMF/ANCS, AOP and Bioassays). A cross-case synthesis of 
stakeholder-specific and stage-specific drivers and barriers is presented in paragraph 4.5. 

To each case a sub-section has been dedicated, consisting of the following parts: 

 General case description 

 Overview of respondents that have taken part in the online survey and the roles they have fulfilled 
in the various stages of the innovation cycle. (Respondents) 

 Summary of identified enabling aspects (drivers) and constraining factors (barriers) for 
implementation of the respective innovation. Detailed overviews are included in the Annexes of 
this report. (Implementation drivers and barriers) 

 

3.1 Managed Aquifer Recharge (MAR) 

Managed aquifer recharge (MAR) is an umbrella term for different processes in which water is intentionally 
introduced into an aquifer. The main objectives are: a) to replenish groundwater resources and store 
excess water for times of less water availability, b) to introduce an additional barrier for purification of 
water from different sources, and c) to establish a hydraulic barrier (e.g. against sea-water intrusion). 

Common managed aquifer recharge techniques in Europe are river or lake bank filtration (BF), dune 
filtration, and artificial groundwater recharge. Since the 19th century, bank or dune filtration and artificial 
recharge have been applied as a first barrier within the drinking water treatment chain in England, 
Germany, France, and the Netherlands. The most common and widely used methods for artificial 
groundwater recharge (AR) are infiltration ponds (Asano et al., 2007). These simple surface spreading 
basins provide added benefits of treatment in the vadose zone of the soil and subsequently in the aquifer. 
An alternative for recharge are infiltration wells if geological conditions or limited space prohibit the use of 
infiltration ponds. 

Stakeholders that have been involved in two cases in Spain and The Netherlands have been asked to share 
their perspectives on drivers and barriers regarding implementation of MAR systems. 

 

3.1.1 Case study 1A: MAR at Sant Vicenç dels Horts (Spain) 

General case description 

The recharge system of Sant Vicenç dels Horts (near Barcelona) is located in the Low Llobregat delta, which 
is one of the pioneer zones in Spain in terms of artificial or managed aquifer recharge (MAR). In this area, 
several measures are taken to improve the quality and the quantity of the groundwater, e.g. scarification 
(mechanical intervention to renew infiltration capacity of river beds periodically) of river beds, deep well 
injection, and infiltration in ponds. The system at Sant Vicenç dels Horts was built in 2007 and started 
operation in 2008/2009, managed by the Catalan Water Agency (ACA). The pond system is designed to 
receive water from the Llobregat River – with future plans to extend this to reused water from the WWTP 
Baix Llobregat – for artificial infiltration into the aquifer. 
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Respondents 

Table 4 shows which stakeholders have contributed to the barriers analysis in MAR case ‘Sant Vicenç dels 
Horts’. Table 5 shows in which activities the various stakeholders have been involved throughout the 
innovation cycle regarding the implementation of MAR in this case. 

 

Table 4 Overview of survey response in case ‘Sant Vicenç dels Horts’ 

# Respondents Organization type 

1 Water users association 

2 Local water authority 

1 Municipality 

1 National government 

1 Research institute 

1 Consultant 

 

Table 5 Overview of the involvement of stakeholders at case ‘Sant Vicenç dels Horts’ in various stages of the 
innovation cycle  

(dark green: as indicated by respective stakeholder, light green: as indicated by other stakeholders) 
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Elaboration on activities: 
 

Identitfying market 
needs * 1     1 * 

By means of forums, expert networks, etc. (Research inst.) 

Idea generation 
* 1     1 * 

Look out for new innovations at conferences (Research inst.)  
Making an inventory of design criteria (Loc. water auth.) 

Research and 
experimentation * 1     1   

In European projects & private financing (Research inst.) 
Financial investment & env. monitoring (Loc. water auth.) 

Design 
* 1 1   * 1 

Design of project, criteria, protocols, etc. (Loc. water auth.) 

Patent application 
             

Pilot projects and tests 
* 1 1   1   

Demonstration projects (Research inst.) 
Monitoring degree of compliance with criteria (Loc. water auth.) 

Technology 
optimization * 1         

Continued monitoring & optimization (Loc. water auth.) 

Up-scaling to full scale 
operation              

Policy & guideline 
development * 1 * 1 *   

Development of criteria with other authorities (Loc. water auth.) 
Sanitary risk evaluation (Nat. government) 
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Authorization, legal 
regulation, etc. * 1   1     

Authorization of river water derivation (Loc. water auth.) 
Evaluation of legal requirements (Nat. government) 

Full-scale 
implementation 1           

Exploiting several artificial recharge pools (Water users ass.) 

 

Implementation drivers and barriers 

Figure 4 shows an overview of the degree to which the identified aspects (table 2) are perceived as 
enabling factors (drivers) or constraining factors (barriers) with regard to implementation of MAR in this 
case study. The results are summarized in the next paragraphs for each of the analytical levels of analysis, 
extended with a specific overview of identified drivers and barriers for inter-organizational cooperation 
(table 6). An extensive overview of all respondents’ comments can be found in Annex-A. 

 

Contextual drivers and barriers 

 (-) General resistance (public opinion, government) because of required changes in physical 
environment (pools, fences, shutting down nature reserves for public). 

 (-) Use of reclaimed water is not yet fully socially accepted by the general public; people are easily 
scared of negative impacts for environment and health. 

 (-) Strict/inflexible regulations – especially with regard to reclaimed water – posing very high 
(unnecessary) requirements that are very expensive to meet. This is caused by lack of knowledge 
(on MAR and case context) at public institutions. 

 (-) Application of MAR is very context specific (availability of water to be infiltrated, available space 
for infiltration ponds, suitable underground) and is therefore not perceived as a valuable 
investment option for authorities. 

 

Inter-organizational drivers and barriers 

 (+) Stakeholders/respondents have not experienced inter-organizational aspects (related to 
cooperation among stakeholders) as barriers. However, they indicate that good relationships, with 
clear division of tasks, transparent communication and shared views are drivers of good 
cooperation for effective implementation. Especially: 

o Existence of a network with required expertise and well-known relations. 
o Good experiences with previous collaborations. 
o Absence of ‘knowledge wars’, presence of trust. 

 (-) Communication about financials was – and is expected to stay – however perceived as relatively 
challenging. When it comes to the question: ‘who will pay?’, resources seem difficult to allocate. 

 (+) Active involvement of relevant authorities is perceived as a driver of the implementation 
process, because of the importance to include the regulatory perspective in the project planning 
and development. 

 (-) With regards to international cooperation, learning from other cases is found to be a 
challenge/barrier, since boundary conditions are very case specific. MAR solutions are found not to 
be directly transferable to other contexts. 
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Table 6 Identified drivers and barriers with regard to successful inter-organizational cooperation in case ‘Sant 
Vicenç dels Horts’ 

Cooperation enablers Cooperation constrainers 

Clear written rules that allow working with technical and legal 
safety/assurance. 

Fair division of available tasks according to expertise of each 
stakeholder.  

There was no struggle for power; each had clearly its 
competences. 

All institutions should have the similar (or at least synergetic) 
objectives and each should know their role.  

The knowledge of all parties should be exploited. 

Sharing the results of projects among stakeholders. 

Making joint decisions with all involved stakeholders.  

Learn from others as much as possible: "import" the know-how 
to cases that require it.  

The communication should be promoted at all levels - be it 
scientific, political - administrative or social. 

Opposing interests among stakeholders. 

The economic situation is a limiting factor; the government does 
not have money to invest in new systems of recharge.  

Lack of a (European) directive to regulate recharge and facilitate 
the implementation of the MAR systems.  

Exploitation of power [hierarchical structures] within the team 
to force certain solutions in the distribution of resources and / 
or tasks. 

 

Intra-organizational drivers and barriers 

 (-) Lack of experience and knowledge on best practices is perceived as a barrier, because it is 
difficult to learn from other (context specific) cases. 

 (-) This knowledge gap causes an investment risk and difficulties to get the required financial 
resources together. This lack of resources counts even more against the current background of a 
general economic crisis. 

 (+) The willingness of the involved stakeholders to make this project a shared success and the 
positive attitude towards innovative approaches are perceived by the majority of the stakeholders 
as a driver for successful implementation. 

 

Individual drivers and barriers 

 (+) Specific knowledge about the technique was present at the research organization, and 
knowledge on the specific context was available at the regional water board. From this perspective 
individual characteristics enabled development and implementation of the technique. 

 (-) In general it was perceived that regulators and policy makers (as organizations) lack the 
knowledge and/or capacity to adapt the current regulations to a more MAR-friendly frame 
(especially regarding the use of reused water for artificial recharge). 
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Figure 4 Overview of degree to which aspects are perceived as implementation drivers or barriers in case ‘Sant 
Vicenç dels Horts’  

(7 respondents, the total of which amounts to 100%) 
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3.1.2 Case study 1B: MAR at Berkheide/Meijendel (The Netherlands) 

General case description 

In 1954 Dunea started the infiltration of surface water as an alternative source for rain water to restore 
and maintain the fresh water lens under the dune area. The surface water is transported towards the dune 
area, infiltrated by infiltration ponds or deep infiltration wells and abstracted by shallow (17m below sea 
level) and deep wells (50m below sea level). Before the surface water is suitable for infiltration, it needs to 
be pre-treated. The quality standards for infiltration water also require that no contaminants foreign to the 
infiltration environment accumulate in the subsurface. This includes organic micropollutants, which are not 
sufficiently removed with conventional pre-treatment. Water utility has performed research to extend the 
current multiple barrier treatment (e.g. pre-treatment, artificial recharge and recovery (ARR), post-
treatment) with an advanced oxidation processes (AOP). However, this study focuses on the aquifer 
recharge systems, which have been (recently) renovated – aiming at a more sustainable approach – at the 
infiltration ponds at Berkheide (at the end of the 1990’s) and Meijendel (2008-2014). 

 

Respondents 

Table 7 shows which stakeholders have contributed to the barriers analysis in case ‘Berkheide/Meijendel’. 
Table 8 shows in which activities the various stakeholders have been involved throughout the innovation 
cycle with regards to the implementation of MAR. 

 

Table 7 Overview of survey response in case ‘Berkheide/Meijendel’ 

# Respondents Organization type 

1 Water utility 

1 (Cooperating) Water utility 

1 Gov. Health institute 

1 Municipality 

 

Implementation drivers and barriers 

Figure 5 shows an overview of the degree to which the identified aspects (table 2) are perceived as 
enabling factors (drivers) or constraining factors (barriers) with regard to renovation of the infiltration 
systems in this case study. The results are summarized in the next paragraphs for each of the analytical 
levels of analysis, extended with a specific overview of identified drivers and barriers for inter-
organizational cooperation (table 9). An extensive overview of all respondents’ comments can be found in 
Annex-B. 
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Table 8 Overview of the involvement of stakeholders at case ‘Berkheide/Meijendel’ in various stages of the 
innovation cycle 

(dark green: as indicated by respective stakeholder, light green: as indicated by other stakeholders) 
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C
o

n
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r Elaboration on activities: 

Identitfying market needs              

Idea generation     1   *   Problem owner (Water utility) 

Research and experimentation       1      

Design     1 1 *   
Knowledge on hydrology and ecology of 
implementation site (Water utility) 

Patent application              

Pilot projects and tests     1 1   *  

Technology optimization     1 1      

Up-scaling to full scale operation     1   * *  

Policy & guideline development 1 1 1 1     
Policy and guideline development on national 
level; process management. (Gov. health inst.) * 

Authorization, legal regulation, etc.             Balancing interests for authorization of 
implementation (Municipality)** 

Full-scale implementation     1 1 * *  

* Evaluating the multi-stakeholder process at the water intake site. And on national level we are involved in development of policy and regulations 
for more sustainable drinking water production, in which artificial recharge should fit. 

** Based on first design we were asked to provide a permit. We have balanced diverse interests, and paid explicit attention to environmental 
interests (as several NGO’s perceived it as environmental degradation). 

 

 

Contextual drivers and barriers 

 (-) Environmental ‘activists’ were very powerful in raising a negative public opinion (degradation of 
nature reserves) regarding this project; this would have been a barrier towards implementation in 
the initial stage, if it were not for the open and clear communication between the water utility and 
the regulating municipality. 

 (+) The expert view (enabling implementation) was that MAR provides an opportunity for optimal 
use of space, combining nature, recreation and drinking water production – with the advantage 
that the drinking water company would be a good guardian of the dune reserves. 

 (-) However, the fact that the area of implementation needed to be changed drastically in an 
artificial way raised some barriers; human health was not threatened, but the ecosystem (flora and 
fauna) was turned upside down (eventually with increased ecological value). 

 (-) Existing policies were directed towards nature preservation through decrease of water 
production related activities.  
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 (+) However, close involvement of local, regional and national governments from the very first 
stage of the project enabled regulatory implementation. 

 

Inter-organizational drivers and barriers 

 (-) The only barrier that was identified is about compatibility of goals; at the start the aims and 
goals of various stakeholders (i.e. Water utility and municipality) were not well aligned; it required 
time and intensive discussion and cooperation to solve this. 

 (+) Main drivers for successful development within the case are: close cooperation, mutual 
understanding, openness about each other’s motivation, clear task division and trust through 
previous cooperative experience. 

 

Table 9 Identified drivers and barriers with regard to successful inter-organizational cooperation in case 
‘Berkheide/Meijendel’ 

Cooperation enablers Cooperation constrainers 

Openness regarding available knowledge and information 
towards other stakeholders. 

Having a shared interest/goals and being transparent about this 
towards others. 

Clear process planning. 

Good relationships between stakeholders (as was the case 
between municipality and Water utility); thanks to good 
cooperation, permits could be provided and maintained. 

Incongruent plans of stakeholders. 

Unclear goals or lack of transparency 

Lack of frequent communication. 

 

Intra-organizational drivers and barriers 

 (-) The organizational culture of water utilities (at least in The Netherlands, due to core values of 
continuity and safety) tends to be quite conservative. This constrains development and 
implementation of innovative projects as these. However, in close cooperation with 
knowledgeable and trusted consultants and researchers a proper case could be established. 

 (-) For a drinking water company ‘reputation’ is invaluable; the fear of reputational damage plays a 
big role in decision making. 

 (-) Large investments are required in the early stages of the project (construction of infiltration 
ponds). Renovation and maintenance is however relatively inexpensive. 

 (+) Long experience (of all involved partners) with artificial infiltration (60+ years) enable new 
interventions and/or expansion, because expectations can be well founded and many insights have 
been obtained throughout the years on best practices. 

 (+) Alternative technologies are generally more complex, less robust and more expensive. This puts 
MAR forward (when space and large investments are available) as a good solution for the long 
term. 

 

Individual drivers and barriers 



Demonstration of promising technologies 
 

 

 

24 

 

 No barriers have been identified regarding availability of knowledge, skills or motivation. 

 

Figure 5 Overview of degree to which aspects are perceived as implementation drivers or barriers in case 
‘Berkheide/Meijendel’.  
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(4 respondents, the total of which amounts to 100%) 
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3.2 Hybrid Ceramic Membrane Filtration (HCMF) 

In cutting edge water treatment processes ceramic membranes may outperform current state-of-the-art 
polymeric membranes, depending on the application and treatment objectives. They offer various 
advantages such as higher mechanical strength and backwash efficiency, higher permeability and longer 
lifetime. Until now, their application was limited due to relatively high investment costs compared to 
polymeric membranes. 

Ceramic membrane systems can achieve a stable operation and performance under high filtration flux 
rates without requiring sedimentation process in pre-treatment and without long contact times for 
upstream inline coagulation. They have a very strong resistance especially against oxidants. Due to possible 
high pressurized and efficient backwashes with low consumption of filtrate, high filtration flow rates in 
“dead-end” mode can be applied. This results in possible high recovery rates (over 98%) with low energy 
consumption. In addition, the appropriate quality of filtrate can be stably obtained without the risk of 
membrane breakage during a long lifetime (over 10 years). 

The concept for the automatic neural net control system (ANCS) was developed and demonstrated in the 
EU-Life project “Purifast”. ANCS is able to adjust flux, filtration time and/or chemical cleaning frequency of 
a membrane filtration plant flexible to the requirements of the feed quality in order to achieve optimal 
performance and minimal chemical or energy demand. ANCS can be used either to optimize an existing 
plant or to cut down investment cost for new plants as these can be designed more ambitious. However, to 
decrease investment costs by optimization of process performance is of great interest especially for 
ceramic membrane plants as their ability to compete strongly depends upon the cost factor. 

Stakeholders that have been involved in two cases in Switzerland and Germany have been asked to share 
their perspectives on drivers and barriers regarding respectively implementation of the implementation of 
ceramic membranes (Switzerland) and ANCS (Germany). 

 

3.2.1 Case study 2A: HCMF at WWTP Birsfelden in Basel (Switzerland) 

General case description 

The municipal waste water treatment plant (WWTP) Birsfelden was built in 1977. The current design is 
based on mechanical cleaning, biological treatment and phosphorus removal and will be extended by an 
additional hybrid ceramic microfiltration (HCMF) stage to eliminate organic micro pollutants. The 
application area of the hybrid ceramic microfiltration at the WWTP Birsfelden is the advanced tertiary 
treatment of municipal waste water. Its aim is the significant reduction of number and concentrations of 
micropollutants in the effluent before its final emission to the Rhine. At this moment the HCMF system at 
the WWTP Birsfelden is still in pilot phase, explaining the less nuanced responses to the survey. 

 

Respondents 

Table 10 shows which stakeholders have contributed to the barriers analysis in case ‘WWTP Birsfelden’. 
Table 11 shows in which activities the various stakeholders have been involved throughout the innovation 
cycle with regards to the implementation of HCMF in this case. 

 

Table 10 Overview of survey response in case ‘WWTP Birsfelden’ 

# Respondents Organization type 
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1 University 

1 Local government 
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Table 11 Overview of the involvement of stakeholders at case ‘WWTP Birsfelden’ in various stages of the 
innovation cycle 

(dark green: as indicated by respective stakeholder, light green: as indicated by other stakeholders) 

  

Lo
c. go

ve
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e
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t      

U
n

iversity Elaboration on activities: 

Identitfying market needs      

Idea generation      

Research and experimentation 1 1 
Lab experiments (Loc. goverment)  
Planning and implementation (University) 

Design      

Patent application      

Pilot projects and tests 1 1 
Provision, resources (Loc. goverment)  
Planning and implementation (University) 

Technology optimization      

Up-scaling to full scale operation 1 * Provision (Loc. goverment)  

Policy & guideline development      

Authorization, legal regulation, etc.      

Full-scale implementation 1 *  

 

 

Implementation drivers and barriers 

Figure 6 shows an overview of the degree to which the identified aspects (table 2) are perceived as 
enabling factors (drivers) or constraining factors (barriers) with regard to implementation of HCMF in this 
case study. The results are summarized in the next paragraphs for each of the analytical levels of analysis, 
extended with a specific overview of identified drivers and barriers for inter-organizational cooperation 
(table 12). An extensive overview of all respondents’ comments can be found in annex-C. 

 

Contextual drivers and barriers 

 No information obtained from survey 

 

Inter-organizational drivers and barriers 

 (+) Good communication and past collaborative experience with/among the involved parties have 
been recognized as enabling factors in the planning, design and implementation phases of the 
process. 
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 (+) Putting focus on each other’s skills and strengths and on solutions [instead of on deficiencies 
and problems] has proven to be a success factor for good communication. 

 

Table 12 Identified drivers and barriers with regard to successful inter-organizational cooperation in case ‘WWTP 
Birsfelden’ 

Cooperation enablers Cooperation constrainers 

Common goals. 

Sense of responsibility of all stakeholders to what is being done. 

Clear areas of competence with good communication and regular 
exchange of information. 

Division of tasks without any interim communication or 
alignment/coordination. 

Lack of sense of responsibility for the overall context/success. 

 

Intra-organizational drivers and barriers 

 (+) A client – or launching customer - that is open for innovative ideas and highly cooperative was 
proven to drive the process of development and implementation. 

 (+) Apparently finances were arranged for (case is still in pilot phase), enabling efficient 
implementation of the technique. However, if this would not be the case availability of financial 
resources is identified as a barrier mainly. 

 (+) Efficient project planning was enabled by the availability of previous experiences with the 
technique at the involved researching partner. 

 (+) The technique might have some disadvantages compared to existing alternative techniques; 
this was perceived by the researching partner as an opportunity to further improve and optimize 
the innovative technique. 

 

Individual drivers and barriers 

 (+) Specialized employees (in skills and knowledge) resulted in good coordination and work task 
division in the various development and implementation phases (planning, implementation, 
upgrading, etc.) 

 (+) Active support of and participation in communication activities by individual within the project 
team has proven to be a driver for success in a multi-stakeholder project like this. 
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Figure 6 Overview of degree to which aspects are perceived as implementation drivers or barriers in case ‘WWTP 
Birsfelden’  

(2 respondents, the total of which amounts to 100%) 
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3.2.2 Case study 2B: ANCS at WAG Nordeifel GmbH (Germany) 

General case description 

The main task of WAG is drinking water supply for about 500,000 inhabitants in the Aachen area. 
Therefore, WAG runs four drinking water reservoirs in the northern part of the Eifel mountain range. The 
larger of its two water works, the Roetgen plant, was constructed in 1953 with removal of particles, iron 
and manganese as main features of the treatment process. In 1995 this water works was expanded in 
order to ensure highest quality standards also for periods of decreased raw water quality. The pro-active 
strategy of the company initiated the implementation of one of the world’s first and largest full-scale 
membrane treatment plants for drinking water production. DEMEAU analyses the performance and 
advantage of an Artificial Neural net Control System (ANCS) used to control WAG’s Ultrafiltration Process. 

 

Respondents 

Table 13 shows which stakeholders have contributed to the barriers analysis in case ‘WAG Nordeifel’. Table 
14 shows in which activities the various stakeholders have been involved throughout the innovation cycle 
with regards to the implementation of ANCS in this case. 
 

Implementation drivers and barriers 

Figure 7 shows an overview of the degree to which the identified aspects (table 2) are perceived as 
enabling factors (drivers) or constraining factors (barriers) with regard to implementation of ANCS in this 
case study for each of the analytical levels of analysis, extended with a specific overview of identified 
drivers and barriers for inter-organizational cooperation (table 15). The results are summarized in the next 
paragraphs. An extensive overview of all respondents’ comments can be found in annex-D. 

 

Contextual drivers and barriers 

 (+) Main driver in this case is identified to be the environmental advantage: improved optimization 
of the backwashing process decreases the environmental load. 

 (-) Automation is also perceived as a threat; a central question in public debate is: can we trust 
decision-making by computers as much as human decision-making? 

 (-) Main perceived barriers are related to current legislation (very strict threshold values, lack of 
clarity on which regulations apply, and lack of legislative demand for efficiency). 

 

 

Table 13 Overview of survey response in case ‘WAG Nordeifel’ 

# Respondents Organization type 

1 Water utility 

1 Research institute 

1 SME 
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Table 14 Overview of the involvement of stakeholders at case ‘WAG Nordeifel’ in various stages of the innovation 
cycle 

(dark green: as indicated by respective stakeholder, light green: as indicated by other stakeholders) 

  

W
ate

r u
tility 

R
e

se
arch

 in
st. 

SM
E Elaboration on activities: 

Identitfying market needs   * 1 Discussions with user, i.e. water provider (SME) 

Idea generation * 1 1 
Considerations on compatibility of artificial neural networks (ANN) to 
control a membrane process (Research inst. & SME) 

Research and experimentation * 1 1 
Process engineering appraisal (Research inst.) 
Data experiments from various pilots (SME) 

Design   1 1 
Considerations regarding the feasibility in practice (Research inst.) 
Design of solution (SME) 

Patent application        

Pilot projects and tests 1 1 1 
Providing pilot site with realistic conditions (Water utility) 
Tests on different pilot plants (Research inst. & SME) 

Technology optimization 1 1 1 
Optimization of the design and the different settings of parameters 
(Research inst. & SME) 

Up-scaling to full scale operation 1 1 * Developing ideas and formulating requirements (Water utility) 

Policy & guideline development        

Authorization, legal regulation, etc.        

Full-scale implementation 1     Feedback regarding practical experiences (Water utility) 

 

Inter-organizational drivers and barriers 

 (+) Main enablers of development and implementation are: good cooperation among involved 
stakeholders, clear role division among parties, past collaborative experience (in which 
stakeholders learn what is required to let a project be successful) and to have shared project goals. 

 (-) Negative previous experiences with project partners were specifically mentioned as destructive 
for new cooperative projects. 

 

Table 15 Identified drivers and barriers with regard to successful inter-organizational cooperation in case ‘WAG 
Nordeifel’ 

Cooperation enablers Cooperation constrainers 

Common interest in the continuous development of the 
technology. 

Open, honest communication. 

Different ideas on division/accounting of expenditures. 

Reservations about the project partners.  

Anxiety to communicate potential problems. 
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Intra-organizational drivers and barriers 

 (-) Financing of innovative projects is identified as the main bottleneck/barrier towards 
implementation; if the urgent need for the specific technology is not felt (at any involved 
stakeholder) no money will be available. This will definitely be a challenge in this case as the 
solution is not indispensable (i.e. it is ‘just’ a smart improvement in efficiency). 

 (+) An innovative organizational climate at all involved parties and the presence of expertise from 
previous experience [e.g. pilot projects] and knowledge on best practices (by research institute and 
SME) are perceived as important success factors for development and implementation of the 
technology. 

 (-) Another perceived barrier is the lack of knowledge on compatibility with the existing system; 
currently it is not known exactly which positive or negative impacts the automation technology has 
on the whole process (this is part of the DEMEAU project). 

 

Drivers and barriers on individual level 

 (+) Especially important for effective development and implementation is the motivation of all 
individuals to learn and to try to understand the relevant issues at hand on which the various 
partners are working. 

 (-) A barrier towards full-scale implementation is that current staff might still have their 
reservations regarding reliability of the technology, the fact that it will replace current human 
operators (people might lose their jobs due to automation of processes), etc. This needs to be 
solved by convincing positive results from the test/pilot phase. 
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Figure 7 Overview of degree to which aspects are perceived as implementation drivers or barriers in case ‘WAG 
Nordeifel’ 

 (3 respondents, the total of which amounts to 100%) 
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3.3 Advanced Oxidation Processes  

The usage of oxidative agents such as chloride, ozone and UV radiation are established methods in waste 
water treatment and drinking water production to reduce pathogen loads, organic substances and odour 
components in the effluent water. Oxidative processes can also be used reduce micropollutant loads 
through the oxidation of a wide range of chemical structures. The chemical transformation in many cases 
eliminates deleterious effects of micropollutants, but the formation of unknown reaction products is an 
important consideration. Ozonation and Advanced Oxidation Processes are thereby key processes 
considered in DEMEAU. 

Ozone (O3) is a strong oxidizing agent that in contact with water forms hydroxyl radicals (OH.), which are 
among the most powerful oxidising substances known (e.g. Ravazini et al., 2006). Ozone reacts directly 
with many inorganic and organic substances in the water ('direct oxidation') and selectively attacks certain 
chemical bonds such as C=C double bonds, phenolic compounds and amino groups (Abegglen & Siegrist, 
2012). In addition, the formed hydroxyl radicals react very fast and unspecific with many substances 
('indirect oxidation'). Both direct and indirect oxidation increase the susceptibility of the compounds to 
subsequent biological degradation (FOEN, 2007), e.g. by biological reactions in a sand filter. 

Stakeholders that have been involved in a case in Switzerland have been asked to share their perspectives 
on drivers and barriers regarding implementation of ozonation at a wastewater treatment plant. 

 

3.3.1 Case study 3: Ozonation at WWTP Neugut (Switzerland) 

General case description 

The waste water treatment plant (WWTP) Neugut was built in 1964 as one of the first municipal WWTPs in 
Switzerland. The current design is based on mechanical cleaning, biological treatment and phosphorus 
removal and will be extended by an additional ozonation stage to eliminate organic micropollutants. This 
will be the first full scale ozonation in a Swiss WWTP. Ozonation leads to the breakdown of various 
substances through the powerful oxidation properties of ozone and highly reactive hydroxyl radicals 
formed by ozone in contact with water. This breakdown increases the susceptibility of many 
micropollutants to subsequent biological degradation. 

 

Respondents 

Table 16 shows which stakeholders have contributed to the barriers analysis in case ‘WWTP Neugut’. Table 
17 shows in which activities the various stakeholders have been involved throughout the innovation cycle 
with regards to the implementation of ozonation in this case. 

 

Table 16 Overview of survey response in case ‘WWTP Neugut’ 

# Respondents Organization type 

1 Research institute 

1 National government 

1 Regional government 
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1 Water utility 

1 Consultant 

1 Consultant 
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Table 17 Overview of the involvement of stakeholders at case ‘WWTP Neugut’ in various stages of the innovation 
cycle 

(dark green: as indicated by respective stakeholder, light green: as indicated by other stakeholders) 

  

R
e

se
arch

 in
st. 

N
at. go

ve
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m
en

t 

R
e

gio
n

al go
v. 

W
ate

r u
tility 

C
o

n
su

ltan
t 

C
o

n
su

ltan
t Elaboration on activities: 

Identitfying market needs              

Idea generation 
1   1 1 *   

Exploration of possibilities (Water utility) 
As consultant (Reg. government) 
As a co-developer (Research inst.) 

Research and experimentation 1 1   1 *   
Exploration of possibilities (Water utility)  
Contracting authority of various studies (Nat. government) 

Design 1   1 1 1   

Design of flowsheet, dosage (Research inst.) 
As a consultant (Reg. government) 
Planning and implementation (Water utility) 

Patent application              

Pilot projects and tests 1 1 1 1 1 1 
Financing & procedural evaluation (Nat. government) 
Built and test pilot plant (Research inst. & Consultant) 

Technology optimization 1     1 1 1 

Optimizing dosage and treatment (Research inst.) 
Execution of optimization (Consultant) 
Operation of pilot plant (Water utility) 

Up-scaling to full scale operation 1       1 1  

Policy & guideline development 1 1 1       
Assistance (Research inst.) 
Drawing up national legal framework (Nat. government) 

Authorization, legal regulation, etc.     1       Executive regulator (Reg. government) 

Full-scale implementation *     1     Operator (Water utility) 

 

Implementation drivers and barriers 

Figure 8 shows an overview of the degree to which the identified aspects (table 2) are perceived as 
enabling factors (drivers) or constraining factors (barriers) with regard to implementation of ozonation in 
this case study. The results are summarized in the next paragraphs for each of the analytical levels of 
analysis, extended with a specific overview of identified drivers and barriers for inter-organizational 
cooperation (table 18). An extensive overview of all respondents’ comments can be found in annex-E. 

 

Contextual drivers and barriers 

 (+) A driver for implementation is the fact that the technology has environmental and health 
advantages (i.e. removing micropollutants). 

(-) Legislation needs to be adapted in many countries to allow implementation of this technique; 
this is still a bottleneck in the implementation process and can also be observed in other cases. 
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Inter-organizational drivers and barriers 

 (+) Combining expertise from various stakeholders (with knowledge on ecology, technology, 
decision-making, feasibility, etc.) to find shared pragmatic solutions is perceived as an important 
driver for successful development and implementation. 

 (+) Clarity of roles has been perceived as advantageous for the success of the project - between 
departments within an organization, as well as among (project managers at) the various involved 
organizations. This showed among others in the distribution of resources: one party (utility) has 
made a pilot site available and other stakeholders (research institute/regulator) have contributed 
scientific or regulatory knowledge. 

 (+) Positive past collaborative experiences lead to trust among partners, which facilitates 
successful follow-up on previous cooperation. Moreover, even positive experiences with the type 
of organizations (‘researchers’, ‘engineers’) facilitate this. 

 (+) Authorities have been (positively) involved in this case, leading to funding and legislative 
support. This would have been a major bottleneck if otherwise. 

 (+) Powerful planning and leadership of the overall project proved to be required for eventual 
successful implementation. 

 

Table 18 Identified drivers and barriers with regard to successful inter-organizational cooperation in case ‘WWTP 
Neugut’ 

Cooperation enablers Cooperation constrainers 

Taking a pragmatic approach. 

Good understanding, mutual agreeableness and trust among 
the involved stakeholders. 

Clear division of tasks among stakeholders, while pursuing 
shared goals. 

Prior agreement on the project stages and decisions. 

Reliable and trustworthy partners who bring knowledge, 
expertise and show commitment. 

An excessively strict regulation over a wide area with threshold 
values, because they limit the possibilities too much 
(frustration among partners). 

Distrust among partners. 

Lengthy discussions / too much bureaucracy. 

Change of staff at relevant positions. 

Extreme process control by one specific partner. 

Restricted and unclear communication among partners. 

Intra-organizational drivers and barriers 

 (+) An innovative organizational culture at the launching water utility, the need for a successful 
flagship project, enabled allocation of financial resources for development and implementation of 
pilot tests, resulting in more knowledge and more opportunities for the development of a full-scale 
solution. 

 (+) Financials have not emerged as a bottleneck in this project because they were provided for by 
the water utility that required this technical solution. 

 (+) Previous experience with such projects is an important enabling factor for eventual successful 
implementation; experience with the technology as well as with an established network of experts 
and cooperative relations. 
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 (+) The planned procedures fit very well within the boundaries of the implementation context (e.g. 
spatial, temporal, financial) which allowed for implementation. If this had not been the case it 
would have proven to be a severe bottleneck in the process. 

 (+) Knowledge on existing alternatives motivated the stakeholders even more to improve the 
innovative technology. 

Drivers and barriers on individual level 

 (+) Knowledge is required (and needs to be combined) on the implementation context (utility/end 
user), on project assessment (authority), financial considerations (funders) and technology 
(consultants/researchers). 

 (+) Motivation of operating staff to acquire the required skills is perceived as even more important 
than presence of knowledge and skills, since this is the key to successful implementation just like it 
was in the current case. 
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Figure 8 Overview of degree to which aspects are perceived as implementation drivers or barriers in case ‘WWTP 
Neugut’  

(8 respondents, the total of which amounts to 100%) 
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3.4 Bioassays 

In vitro bioassays are biological test systems that make use of e.g. mammalian cell lines. In vitro bioassays 
have been developed to suit the complex mixture characterization needs covering complex endpoints such 
as genotoxicity, mutagenicity and particularly endocrine disruption. The main advantage of in vitro 
bioassays is the integration of biological activities of compounds in a complex mixture such as surface 
water. Bioassays are typically carried out on multiwall plates providing high-throughput analysis. Relevant 
application areas for bioassays include: a) Monitoring of water quality in WWTP effluent to prevent 
ecotoxicological risks of effluent discharge; b) Monitoring of water quality in different treatment steps of 
drinking water plants; c) Monitoring of water quality in water reuse of purified waste water, targeting 
indirect non-potable or potable reuse; d) Monitoring of water quality in groundwater recharge systems. 

 

3.4.1 Case study 4: Bioassays at Waternet (The Netherlands) 

General case description 

Bioassays can perform screenings at very low levels of contaminants. Previously bioassays have been 
applied mainly in the food and feed sector. Currently their applications for the water sector are studied 
more in-depth and various water utilities are involved in tests and pilots. This case study investigates 
implementation of bioassays at drinking water utility Waternet in The Netherlands.  

 

Respondents 

Table 19 shows which stakeholders have contributed to the barriers analysis in this case on bioassays. 
Table 20 shows in which activities the various stakeholders have been involved throughout the innovation 
cycle with regards to the implementation of bioassays in this case. 

 

Table 19 Overview of survey response in case ‘Water utility’ 

# Respondents Organization ype 

2 SME 

1 Water utility 

1 National health institute 

1 Research Institute 

1 University 

 

 

Implementation drivers and barriers 

Figure 9 shows an overview of the degree to which the identified aspects (table 2) are perceived as 
enabling factors (drivers) or constraining factors (barriers) with regard to implementation of bioassays in 
this case study. The results are summarized in the next paragraphs for each of the analytical levels of 
analysis, extended with a specific overview of identified drivers and barriers for inter-organizational 
cooperation (table 21). An extensive overview of all respondents’ comments can be found in Annex-F. 
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Table 20 Overview of the involvement of stakeholders at the case ‘Waternet’ in various stages of the innovation 
cycle 

(dark green: as indicated by respective stakeholder, light green: as indicated by other stakeholders) 

  

SM
E  . 

W
ate

r u
tility  . 

N
at. h

e
alth

 in
st.  . 

R
e

se
arch

 in
st.  . 

U
n

iversity  . 

Elaboration on activities: 

Identitfying market needs 
1   1     

SME: Identifying applications in water sector. 

Gov. health inst.: Expertise on applications. 

Idea generation 

1   1   * 

SME: Leading actor, development of reporter-gene assays. 

Gov. health inst.: Development of new bioassays. 

Research and experimentation 

1 1 1 1 1 

SME: Feasibility, working on improved acceptance in water sector. 

Water utility: Research on application for risk assessment. 

Gov. health inst.: monitoring, development, ring tests. 

Research inst.: Validation 

Design 
1   1   * 

SME: Development of GGO's 

Gov. health inst.: Initiator 

Patent application 
    1     

Gov. health inst.: Applicant 

Pilot projects and tests 

1 1 1 1 1 

SME: Validation, testing extraction methods prior to bioscreening. 

Water utility: Combining passive sampling and bioassays. 

Gov. health inst.: Participating in pilots and tests. 

Research inst.: Coordination of pilots/tests. 

Technology optimization 

1 1 1 *   

SME: Validation of bioassays 

Water utility: Panel optimization for environmental assessment 

Gov. health inst.: Research. 

Up-scaling to full scale operation 
1         

SME: Validation and valorization. 

Policy & guideline development 

1 1 1 *   

SME: Indirectly as developer. 

Water utility: Strategy development for implementation in WFD. 

Gov. health inst.: Expert opinion. 

Authorization, legal regulation, etc. 
1         

SME: Supporting validation of bioassays. 

Full-scale implementation  
1 1       

SME: As end user and selling user licenses. 

Water utility: Application in regular monitoring activities. 

 

Contextual drivers and barriers 

 (-) The fact that bioassays could have advantages – when complemented with chemical analyses – 
for water monitoring is still unknown to a lot of potential end users in the water sector. 

 (-) Which bioassays could be applied for which analyses (with regards to water related 
environmental and health effects) still needs to be investigated. This is constrained by the lack of 
demand. 

 (+) A strength of bioassays is that they are able to measure effects of complex mixtures of 
emerging compounds (opposed to occurrence of individual compounds) cheap and quickly; if this is 
clear, trusted, accepted and regulated, it is definitely a driver for implementation. 

 (-) Regulations do not yet cover thresholds on compound mixture effects; the focus is mainly on 
individual compounds. In this regard the advantages of bioassays - compared to chemical methods 
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- are not recognized yet. Without any regulatory demand for application of bioassays 
drivers/incentives for implementation at water utilities are lacking. 
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Inter-organizational drivers and barriers 

 (-) Progress on development and implementation of bioassays is constrained by a lack of 
governmental (financial) support and engagement. This threatens the continuity of research on 
application of bioassays in the water sector.  

 (-) The cooperation among stakeholders (developer, research institutes and potential launching 
customers) itself has always been successful, but the problem is: how to finance the required tests 
and validation to allow for uptake in policy and regulations? 

 (+) Enablers of progress in development and implementation are perceived to be: cooperation with 
likeminded individuals, establishing clear agreements at the initial stage of cooperation, and 
sharing financial burdens. 

 

Table 21 Identified drivers and barriers with regard to successful inter-organizational cooperation in case 
‘Waternet’ 

Cooperation enablers Cooperation constrainers 

Being a multifunctional organization: having (knowledge about) 
laboratories, research, development, etc. – enabling 
understanding of activities of others. 

Knowledge on bioassays and eco-epidemiology. 

Continuous progress. 

EU-project opportunities. 

The perspective (from governments) that bioassays are 
common goods, and that the technology should be freely 
available. 

The question of ‘who is going to pay?’ or any other financial 
consideration. 

Ignorance, unknown technology. 

Unequal organizational goals and project aims. 

Competition among stakeholders. 

 

Intra-organizational drivers and barriers 

 (+) Innovative mind-set of launching water utility is enabling pilot research, which is required for 
eventual broad implementation in regular monitoring procedures. However, still people generally 
tend to stick to well-known trusted practices (which do not include bioassays yet). 

 (-) Dependence on governmental financial resources is constraining progress towards 
implementation of bioassays. 

 (-) Application of bioassays in water sector is a novel practice; no experience with it is present at 
the involved water utility, with the consequence that progress is depending on knowledgeable 
research institutes (and the developing party). 

 (+) A driver of implementation is the compatibility of bioassay monitoring with existing practices; 
they would be complementing existing chemical analysis techniques in very valuable ways and 
would not disturb the present monitoring process very much. 

Individual drivers and barriers 

 (+) Bioassays are generally much easier to be learned/mastered than chemical analysis techniques 
for instance. This is an absolute advantage for inexperienced people (e.g. in the water sector) who 
have to work with the assays. Trainings are provided to master bioassay use and data 
interpretation in less than two weeks’ time. 
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 (+) Motivation to work with bioassays is present, also at the launching water utility, which enables 
the opportunity to conduct proper tests in ‘real’ application contexts. 

 

 



Demonstration of promising technologies 
 

 

 

46 

 

 

Figure 9 Overview of degree to which aspects are perceived as implementation drivers or barriers in case 
‘Waternet’ 

 (6 respondents, the total of which amounts to 100%) 

C
O

N
T

E
X

T
U

A
L

 
IN

T
E

R
-O

R
G

A
N

IZ
A

T
IO

N
A

L
 

IN
T

R
A

-O
R

G
A

N
IZ

A
T

IO
N

A
L

 
IN

D
IV

ID
U

A
L

 



Demonstration of promising technologies 
 

 

 

47 

 

3.5 Synthesis  

Whereas the previous paragraphs contain the research results for each case, this paragraph aims to 
synthesize those results into an overarching view on enabling factors (drivers) and constraining factors 
(barriers) regarding implementation of innovations in the field of micropollutant removal from water 
resources. Firstly paragraph 3.5.1 presents some insights in the roles of various types of stakeholders in the 
different cases, followed by an overview of the dominant implementation drivers and barriers for each 
DEMEAU technology in paragraph 3.5.2. Comparing the different case studies, a common set of 
overarching drivers and barriers can be identified; these overall lessons are included in paragraph 3.5.3. 

 

3.5.1 Involvement of different stakeholders in the innovation cycle 

As expected, the survey results have shown that the various stakeholders have been involved in different 
stages of the innovation cycle, resulting in a sequence of multiple cooperative coalitions throughout the 
process from idea to full-scale product. Table 22 provides an overview of how various categories of 
stakeholders have been involved in the case studies. Also taking into account the comments that were 
provided by the respondents, the first insights are obtained regarding the positions and roles of the 
(categories of) stakeholders. However follow-up research steps (as described in paragraph 4.1.2) need to 
verify these first interpretations. 

 

End users of innovations (water utilities): 

 Are involved throughout the innovation cycle; from idea development (depending on technology 
push or pull), experimentation and design (bringing in their knowledge on the implementation 
context), to pilot testing, optimization and full-scale implementation (as the operating utility). In 
some cases they have been involved in policy making processes, which was proven to be enabling 
for eventual implementation. 

 Have continuity and safety/security of water treatment processes as top priority (and maintain 
therefore often a somewhat conservative attitude in general). 

 Are often open to innovative solutions (with little risk involved), but don’t have required 
experience/expertise to implement innovations by themselves. 

 Would mainly be motivated for implementation by regulatory demands (and mainly invest when 
strictly required by regulations) 

 

Developers (SME’s, research institutes, consultants): 

 Are mainly involved in the first stages of the innovation cycle (from idea development and 
experimentation to design, pilot test development and upscaling), and work in close cooperation 
with the end users (water utilities). 

 In some cases start off with ‘good ideas’, to involve potential end users in a later stage; however, 
early involvement of end users (as well as policy makers and regulators) was proven to be an 
enabling factor for implementation in the case where this happened. 

 Have very much (technological) expertise, but encounter a ‘wall of ignorance’ at end users and/or 
policy makers. 

 Need cooperation with policy makers/regulators to ‘sell’ their solution (since regulative demand 
was identified to be a major driver for innovation implementation). 
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 Need to be creative to allocate resources for investment (and earn them back again in a later 
stage) – e.g. by joining (inter)national subsidized programmes. 

Policy makers/regulators (local, regional or national governmental institutes) 

 Are mainly involved in the stages of policy and guideline development (national authorities) and 
authorization of innovative solutions (regional and local authorities). However, involvement of 
authorities in early stages of innovation development was identified to be a major driver for 
eventual successful implementation at the end user. 

 Often lack the knowledge/overview of possibilities and/or (dis)advantages of innovative 
technologies. 

 Will mostly take the initiative to engage in processes of innovation development and thus need to 
be actively involved by end user or developer if this is desired. 

 Are often short on financial resources (economic recession). 

 Are often perceived to cause delay in process. 

 

Table 22 Overview of stakeholder involvement throughout the innovation cycle 

 Case 1A 
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Identitfying market needs * 1     1 *                   

Idea generation * 1     1 *  1       *        

Research and experimentation * 1     1      1          1 1 

Design * 1 1   * 1  1 1 *   *        

Patent application                               

Pilot projects and tests * 1 1   1    1 1       *  1 1 

Technology optimization * 1          1 1              

Up-scaling to full scale operation              1       * *  1 * 

Policy & guideline development * 1 * 1 *    1 1 1 1          

Authorization, legal regulation * 1   1                       

Full-scale implementation 1            1 1     * *  1 * 

 

 Case 2B  Case 3  Case 4 
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Identitfying market needs   * 1                 1     1   

Idea generation * 1 1  1 1   1 *      1   * 1   

Research and experimentation * 1 1  1   1 1 *    1 1 1 1 1   

Design   1 1  1 1   1 1      1   * 1   

Patent application                       1         
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Pilot projects and tests 1 1 1  1 1 1 1 1 1  1 1 1 1 1  

Technology optimization 1 1 1  1     1 1 1  1 1 *   1   

Up-scaling to full scale operation 1 1 *        1 1 1          1  

Policy & guideline development          1 1 1      1 1 *   1   

Authorization, legal regulation          1                  1   

Full-scale implementation 1      1     *      1       1  

3.5.2 Dominant implementation drivers and barriers 

Comparison of the six case studies point out on which analytical level (contextual, inter-organizational, 
intra-organizational, individual) drivers and barriers manifest themselves mainly. 

Implementation drivers have been predominantly identified on the inter-organizational level and on the 
individual level. Good cooperative experience with partners, a well-established network of trusted and 
knowledgeable experts to tap from and constructive collaboration with the focus on each other’s strengths 
are examples of such implementation drivers on the inter-organizational level. On the individual level cases 
show that effective combination of expertise of the innovative technology (employees from 
developing/researching stakeholders) and of the implementation context (employees from water utilities 
and policy makers) enables implementation. Furthermore the presence of motivation – to work with 
innovations but even more importantly: to learn from other stakeholders – was identified as a main driver 
on the individual level of analysis. 

Reviewing the results of all six case studies, barriers have been identified mainly on the contextual level. 
Especially the lack of embeddedness in policy frameworks and the lack of regulatory demand for (more 
efficient) micropollutant screening and/or removal are identified as barriers that seem difficult to 
overcome. This might be caused – according to the respondents – by ignorance on the side of authorities 
or (unfounded) negative public opinion. Related to this, on the intra-organizational level the lack of 
involvement from authorities was perceived as a barrier by the majority of respondents. Another barrier 
that is very difficult to overcome is related to financial resources – both on the inter- and intra-
organizational analytical levels. Whereas communication and cooperation is generally enabling progress, 
when it is about money it seems to get difficult. Each type of stakeholder indicates that the availability of 
financial resources is lacking, partly due to a lack of (regulatory) urgency to proceed with the development 
and implementation of the various technologies. The least amount of barriers have manifested on the 
individual level. For each technology, the dominant drivers and barriers are presented below. 

 

Managed Aquifer Recharge 

Public opinion (contextual level) is identified as a dominant barrier in both MAR case studies. For 
implementation of MAR drastic interventions need to be done in the physical environment to construct 
infiltration ponds. In the cases here described this needs happen in areas that are used by the public for 
other purposes (e.g. recreation, nature, etc.). Especially because of (unfounded) fear for environmental 
degradation public opinion tends to be negative regarding these projects, while experts do think that MAR 
is an optimal solution where multiple uses of an area are combined in a good way. Specifically it has shown 
that plans of using reclaimed water for infiltration raises opposition. 

However, involving authorities from the very beginning of the MAR projects proved to be an effective 
acceptance strategy in both cases; authorities could be convinced that MAR has no negative impact on the 
environment in which it is implemented and could even be beneficial to the quality of the ecosystem at 
hand. 

Moreover the lack of regulatory embeddedness (contextual level) was identified as a very dominant 
barrier; MAR solutions are very context specific, depending on the type of water that is used for 
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infiltration, the available space, properties of the underground, potential to embed ponds in environment 
in a way that is beneficial for both the environment and the water quality in the pond. This makes it 
difficult to establish general policy and regulations for MAR. 

This non-generalized approach also makes it very difficult to learn from experience from other cases (intra-
organizational level), and develop shared expectations among cooperating stakeholders (inter-
organizational level), because the outcome is not certain. For water utilities this means taking a risk, which 
is also perceived as a barrier (intra-organizational level). 

 

Hybrid ceramic membrane filtration and automatic neural net control 

Both cases (although both still in pilot phase) showed that good cooperation and previous collaborative 
experience are perceived as major drivers towards eventual implementation; with good relations much can 
be achieved. Moreover, the innovative attitude of all stakeholders in both cases – and specifically of the 
end users – was proven to enable at least implementation of pilot tests. 

Optimization by automation was identified as a dominant barrier in the ANCS case, for multiple reasons. 
Firstly public debates center on the question whether we should trust decision-making by computers as 
much as decision-making by people. Especially when it is about water resources, the risk of failure in case 
of exceptions (and computers not knowing how to handle those) might be perceived as too high in public 
opinion (contextual level). Secondly within the water utility automation is perceived to cause decrease of 
required capacity and job losses, which affects employees’ motivation to engage with the technology 
(individual level). 

According to the respondents automation of membrane backwashing is not perceived as indispensable. It 
would make the process more efficient and save money, but this does not balance with the potential 
disadvantages described above. A regulatory demand for more efficient and energy-saving solutions would 
eliminate this barrier, but these regulations are lacking in many countries and no incentives are provided 
for increased efficiency – as water utilities are often public organizations (contextual level). 

At this moment financial resources are difficult to allocate, partly due to this lack of urgency (governmental 
support), but also due to the fact that the exact influence of the ANCS on the whole process of water 
treatment (intra-organizational level). As long as this effect is not known, full-scale implementation will not 
occur and investments will not be done – while investment is required for continued tests and pilot 
studies. 
 
Advanced Oxidation Processes 

For the first full-scale ozonation against micropollutants at a WWTP in Switzerland, the close collaboration 
between the various stakeholders involved appeared to be essential. Furthermore, the collaboration of the 
same stakeholders in previous projects was perceived as an important driver of this project, contributing to 
a certain distribution of roles, which was perceived as a cooperation enabler by some respondents. 
However, the distribution of roles was not perceived positively by all respondents and the process control 
by one partner was mentioned as a cooperation restrainer. Moreover stakeholders identified the lack of 
clarity on which regulations/legislation applies for this technology as a barrier; regulations have to be 
adapted for full-scale implementation of this technique, which takes a lot of time. 
 
Bioassays 
Driving the implementation of bioassays is a pro-active developing partner, who addresses every 
opportunity to engage a broad set of stakeholders (from policy makers to research institutes and water 
utilities) in bioassay related projects. Bioassays are relatively easy to take into operation, which makes the 
threshold for potential end users to get involved in these projects relatively low. Furthermore, bioassays do 
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not replace existing techniques, but rather complement current chemical analytical methods. The fact that 
bioassay screenings would fit very well in the existing monitoring procedures was identified as another 
enabling factor. 

However, screening for the effects of complex mixtures is something that has not been done before within 
the water sector and is not included in existing policies, regulations or procedures (contextual level). This 
lack of regulatory demand (although this screening was proven to be very relevant for water related 
applications by experts) makes it very hard to involve potential end user (drinking and wastewater 
utilities), and to allocate the necessary financial resources (intra-organizational) for the validation – which 
is required to embed bioassays in water related regulations. This might be partly caused by absence of 
knowledge on the potential of bioassays in the water sector at authorities (intra-organizational/individual 
level). 

 

3.5.3 Overarching implementation drivers and barriers 

Comparing the results from the six case studies, a set of enabling factors (drivers) and constraining factors 
(barriers) can be derived that count for all innovations in the field of micropollutant removal that are 
covered by the DEMEAU project. Table 23 presents an overview of this, grouped by analytical level. 

 

Table 23 Overview of implementation drivers and barriers that are identified by multiple stakeholders in a majority 
of the cases 

Drivers for successful implementation Barriers for successful implementation 

CONTEXTUAL 

Open and clear communication with public opposition very early 
in the process. 

Benefits of innovations for environment and health 
(micropollutant removal) or for decrease of public costs through 
increase in efficiency. 

CONTEXTUAL 

Ignorance / lack of awareness of advantages these innovative 
technologies have to offer. 

Lack of regulatory demands for improvements that are offered by 
innovative technologies (development was not demand-driven, 
but idea-driven). 

INTER-ORGANIZATIONAL 

Active involvement of authorities (policy makers/regulators) from 
very first stage of the project. 

Availability of established cooperative networks with researchers, 
(local) governments and water utilities, with good relations, 
positive experiences, trust… 

Clear division of tasks and frequent transparent communication 
about results of these tasks. 

Being explicit about each other’s objectives in case of 
cooperation and taking time to let these converge to a pragmatic 
set of compatible goals. With that, focussing on each other’s 
strengths and potential. 

Trying to understand each other’s expertise and how it fits in the 
whole’. Adopting a learning attitude towards each other. 

INTER-ORGANIZATIONAL 

Distribution of financial burden among stakeholders; the fact that 
large investments are still required to perform tests and validate 
technologies, combined with the lack of interest from the side of 
policy makers, makes it difficult to come to a ‘fair’ distribution of 
the costs. 

Abuse of hierarchical structures within cooperative team. 

INTRA-ORGANIZATIONAL 

Being open to novel ideas, or containing a couple of early 
adopters within the organization. 

INTRA-ORGANIZATIONAL 

Lack of best practices (especially at end users of technology = 
water utilities), which requires a lot of interaction between 
experts (developers, researchers) and implementers (end users, 
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Ability to invest resources (financial, knowledge, pilot site, etc.) 
into cooperative. 

policy makers). 

Water utilities are focused on continuity, safety and security; 
innovations can only be implemented when outcomes are almost 
100% sure and safety and continuity are guaranteed. 

INDIVIDUAL: 

Availability of expertise and experience with technology and/or 
related technologies at research/developing partner, because 
this is often lacking at end users and policy makers. 

INDIVIDUAL: 

Individuals engaged in such cooperative projects are often 
hindered by lack of project financing (they cannot spend time on 
the project), urgency of other work related activities, etc.) 
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4 Conclusions 

This previous chapters described the assessment of drivers and barriers with regards to implementation of 
the four innovative DEMEAU technologies, which are related to screening and (optimization of) removal of 
emerging micropollutants in (waste)water. This chapter presents the key insights that were obtained from 
the assessment (paragraph 4.1) and the follow-up activities that are planned based on the results 
presented here (paragraph 4.2). 

4.1 Key insights 

This paragraph describes the main insights that can be derived from the drivers and barriers assessment, 
following the same structure that was used to describe the separate case studies in chapter 3. 

 

Stakeholders 

End users of innovations (water utilities): 

 Are involved throughout the innovation cycle; from idea development (in case of technology pull), 
experimentation and design (bringing in their knowledge on the implementation context), to pilot 
testing, optimization and full-scale implementation (as the operating utility). In some cases they 
have been involved in policy making processes, which was proven to be enabling for eventual 
implementation. 

Policy makers/regulators (local, regional or national governmental institutes) 

 Are mainly involved in the stages of policy and guideline development (national authorities) and 
authorization of innovative solutions (regional and local authorities). However, involvement of 
authorities in early stages of innovation development was identified to be a major driver for 
eventual successful implementation. 

Developers (SME’s, research institutes, consultants): 

 Are mainly involved in the first stages of the innovation cycle; from idea development (in case of 
technology push) and experimentation to design, pilot test development and upscaling. They work 
in close cooperation with the end users (water utilities). 

 

Implementation drivers and barriers 

Implementation drivers and barriers have been identified on the four analytical levels (contextual, inter-
organizational, intra-organizational and individual). 

Generally, drivers manifested themselves within the six cases predominantly on the inter-organizational 
level and are related to good relations between stakeholders, the availability of an established network 
with trusted and knowledgeable experts and effective cooperation. Furthermore, the individual aspects 
have been identified mainly as drivers too; especially the combination of technological knowledge (from 
developers, researchers or consultants) and situational knowledge on the implementation context proved 
to be a success factor for actual implementation. The presence of motivation (to engage with innovation, 
but even more important: to learn from each other) was also identified as a universal implementation 
driver. 
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Barriers were mainly identified on the contextual level, related to the embedding of the innovations into 
policies and regulations. Relevant policies lack a demand for optimal efficiency, a demand for improved 
quality and/or specific guidelines for the respective methods and technologies. Furthermore the intra-
organizational aspect of financial resources was oftentimes identified as a barrier; governmental institutes 
are presently tight on budget, the developing stakeholders often do not have the means to invest, and 
water utilities tend to be driven mainly by regulatory thresholds (which are lacking often as mentioned 
before). 

For each innovative technology within the DEMEAU project, the predominant drivers and barriers have 
been specified (table 24). 

 

Table 24 Overview of dominant drivers (+) and barriers (-) for each DEMEAU technology 

Innovation Dominant drivers and barriers 

MAR (+) MAR is perceived (by experts) as an optimal solution where multiple uses of an area are combined in 
a good and efficient way.  

(+) Involving authorities from the very beginning of the MAR projects proved to be an effective 
acceptance strategy and accelerate eventual implementation. 

(-) Because of (unfounded) fear for environmental degradation (physical intervention in environment), 
public opinion tends to be negative regarding MAR projects, especially when reclaimed water is planned 
to be infiltrated. 

(-) MAR solutions are very context specific, which makes it difficult to establish general policy and 
regulations for MAR. 

(-) This non-generalized approach makes it also very difficult to learn from experience from other 
(international) cases. 

HCMF & ANCS (+) Good cooperation among stakeholders and previous collaborative experience. 

(-) Public debates center on the question whether we should trust decision-making by computers as 
much as decision-making by people (emotion, trust in artificial intelligence). 

(-) Automation is perceived to cause decrease of required capacity and job losses, which might affect 
employees’ motivation to engage with the innovation. 

(-) A regulatory demand for more efficient and energy-saving solutions is lacking. 

(-) The exact influence of the ANCS on the whole process of water treatment is still unknown (more tests 
are required, for which only few financial resources are available). 

AOP (+) Close collaboration between the various stakeholders and previous collaborative experience, 
creating trust and facilitating a successful role distribution and clarity. 

(-) Lack of clarity on which regulations/legislation apply for this technology; regulations have to be 
adapted for full-scale implementation of this technique, which takes a lot of time. 

Bioassays (+) A pro-active developing partner, addressing every opportunity to engage a broad set of stakeholders 
in (subsidizes) bioassay related projects. 

(+) Bioassays are relatively easy to take into operation, which makes the threshold for potential end 
users to get involved in these projects relatively low. 

(+) Bioassays are complementary screening methods that would fit very well in the existing monitoring 
procedures. 

(-) The potential benefits of bioassay application for water monitoring is not included in existing policies, 
regulations or procedures. In order to do this validation to determine threshold values is required 
(which requires financial resources that are not available). 
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4.2 Next steps 

The results from this drivers and barriers assessment with regards to the implementation of innovative 
solutions in the field of screening and (optimization of) removal of emerging micropollutants lead to some 
follow-up questions that need to be answered in the course to the next deliverable, which will focus on 
recommendations for improved implementation: 

 How are the identified implementation drivers and barriers linked to the various stages of the 
innovation cycle? 

 Which recommendations can be done for each involved stakeholder group, with regards to the 
various roles they play throughout the innovation cycle, for an enhanced implementation process? 

The survey respondents were asked whether they would be open to a follow-up interview by phone, to 
elaborate on their responses. Many of them are willing to cooperate in this next step and left their contact 
information. Furthermore, workshops will be organized (by the colleagues of the respective work area in 
cooperation with WA6) within each Work Area, to which stakeholders will be invited to collectively explore 
opportunities towards implementation. These workshops provide another opportunity to involve the 
stakeholders in an interactive way into answering the above questions. 

The results of these next steps, in connection to the present results, will be presented in the next 
deliverable 52.2. 
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Annex-A Detailed response for case 1A 

Contextual drivers and barriers 

Enabling implementation Constraining implementation 

PUBLIC OPINION 

Water users ass. 

Loc. water auth.: We were provided with on-demand permits 
by the council. 

Loc. water auth.: Local ignorance of the activity (MAR) 

Municipality: The reclaimed water is not yet publicly accepted. 

Research inst.: People do not know what MAR is. The 
advantages of technique are not known. Recharging with 
reclaimed water can be seen as a bad practice, with negative 
impacts. 

LANDSCAPE / ENVIRONMENTAL IMPACT 

Water users ass. 

Loc. water auth.: MAR favours the arrival of birds; ease of 
access along the river Llobregat. 

Municipality 

Loc. water auth.: Fencing of the area was required to avoid 
fishing and contamination, catching curiosity of passers-by. 

Municipality: The design of the pools had to be modified 
according to the landscape and the surrounding conditions. 

Aqualogy: In principle aspects of landscape and impact tend to 
hinder the implementation of these activities. 

HEALTH RISKS 

Water users ass. 

Nat. government: Implementing these techniques will reduce 
health risks. 

Loc. water auth.: Difficulty to recharge reused water and 
possible disadvantages due to the high amount of traffic. 

Research inst.: Sanitary authorities want to control the 
recharge water from the start. Requirements RD1620/2007 are 
very demanding. It is very expensive to meet those. 

AVAILABILITY OF POLICY AND REGULATIONS 

Nat. government Loc. water auth.: Criteria needed to be changed, because 
regulations were too restrictive. 

Nat. government: Regulations may be too specific in some 
cases, leaving less room than desirable to the evaluation and 
solution of the case. 

Municipality/Research inst.: The regulatory framework for 
reuse in Spain is very restrictive (RD1620/2007). Groundwater 
recharge is an unknown technique by legislators and is only 
regulated if it is reclaimed water. 

INVOLVEMENT OF AUTHORITIES 

Water users ass. 

Loc. water auth.: Proactive involvement of all the competent 
administrations and responsibilities in the Valle Bajo del 
Llobregat because of widely perceived need. 

Nat. government 

Municipality: This slowed down the design process. 

Research inst.: The authorities see such facilities as 
"alternative" and "weird." They do not see much value because 
they believe such activities are isolated experiences that 
cannot solve large-scale supply. 

POLITICAL CONTEXT 

Water users ass. Research inst.: Due to the economic crisis public 
administrations do not see feasible short or mid-term projects. 
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Research in MAR can be done, but no newly built facilities  

Aqualogy: The changing political and economic context tends 
to make these activities more difficult. 

 

 

Drivers and barriers on inter-organizational level 

Enabling implementation Constraining implementation 

CONTACT / COOPERATION 

Water users ass. 

Loc. water auth.: There was a lot of interest to initiate the recharge 
in the zone of the Valle Bajo del Llobregat; we required each other’s 
expertise to do this. 

Municipality 

Nat. government 

Research inst.: The MAR technique is embedded in a network of 
experts to share information. Most research done is publicly and 
shared. 

Loc. water auth.: We have struggled to get the budget available; 
financials is a delicate subject in communication. 

ROLE CLARITY 

Water users ass. 

Loc. water auth.: Each entity had a clear function. 

Municipality 

Research inst. 

Aquology 

 

PAST COLLABORATIVE EXPERIENCES 

Water users ass. 

Loc. water auth.: Collaborative experience in the design and drafting 
of recharge projects. 

Municipality 

Nat. government 

Research inst.: The previous projects realized with Loc. water auth. 
and Water users ass. have generated good partnerships. It is very 
important to share the results at the end of the projects with 
stakeholders. 

Aquology 

 

DISTRIBUTION OF RESOURCES 

Water users ass. 

Loc. water auth.: Loc. water auth. has provided the infrastructure to 
carry out the proposed artificial recharge. 

Municipality 

Research inst.: There is no "war" on knowledge. Most results are 
shared because they are collaborative projects. 

 

SHARED GOALS AND (WORLD)VIEWS 

Water users ass. Research inst.: The water situation in the European countries is very 
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Municipality 

Nat. government 

Research inst.: It helps a lot that European projects are being done 
with the same subject, to boost research and construction of MAR in 
Spain. 

different. For example in Germany, they are very concerned about 
the quality of input because they do not further treat the water. In 
Spain we are more interested in quantity, and therefore the post-
treatment methods are more intensive / high. 
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Drivers and barriers on intra-organizational level 

Enabling implementation Constraining implementation 

ORGANIZATIONAL CULTURE 

Water users ass. 

Loc. water auth.: We were eager to innovate and to carry out this 
innovative project. 

Nat. government 

Research inst.: We are a technology centre that seeks actively for 
innovation. 

Loc. water auth.: Ignorance of the use of organic material. 

Municipality 

FINANCIAL MEANS 

Water users ass. 

Research inst.: We receive European financing to realize these 
projects. This facilitates advancements in the project. 

Loc. water auth.: We did have problems with budget availability. 

Municipality 

Research inst.: Those who have to pay full-scale projects (public 
administration) have no human or material resources to carry out 
these works. 

BEST PRACTICES & EXPERIENCES 

Water users ass. 

Nat. government 

Loc. water auth.: We did not have experience with recharge pools. 

Research inst.: It's not a standard technology, but very specific for 
each site. It's therefore difficult to share experiences between cases. 

COMPATIBILITY 

Water users ass. 

Loc. water auth.: Strong cooperation with other Loc. water auth. 
departments [for a good fit with other running processes], such as 
the department of Water Resource Management. 

Research inst.: In the case of Barcelona no network connection 
between sewage (reclaimed water) and recharge basins exists. 
Investment is needed to work this out… 

ALTERNATIVE TECHNOLOGIES 

Water users ass. 

Research inst.: MAR is always much cheaper than conventional water 
treatment technology. 
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Drivers and barriers on individual level 

Enabling implementation Constraining implementation 

EMPLOYEES’ KNOWLEDGE 

Water users ass. 

Loc. water auth.: Knowledge of the needs for water consumption 
and the state of aquifers. 

Municipality 

Nat. government 

Research inst.: CETaqua has experts with specific knowledge of MAR. 

Aqualogy 

Loc. water auth.: We lack experience with recharge  - this specific 
method. 

EMPLOYEES’ SKILLS 

Water users ass. 

Loc. water auth. 

Municipality 

Nat. government 

Research inst.: CETaqua does research, and within the 'alternative 
water resources' dep. there is a specific investigation line of MAR. 

Aqualogy 

 

EMPLOYEES’ MOTIVATION 

Water users ass. 

Loc. water auth.: We have a very strong motivation to develop this 
technology. 

Municipality 

Nat. government 

Research inst.: The MAR projects are attractive for the researchers. 

Aqualogy 
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Annex-B Detailed response for case 1B 

Drivers and barriers on contextual level 

Enabling implementation Constraining implementation 

PUBLIC OPINION 

Water utility: Fortunately it did not happen, but in case such a 
process gets stuck, there is a chance of reputation damage for our 
organization. 

Gov. health inst.: Optimal use of space: water production, recreation 
and nature in the same area. 

(coop.) Water utility 

Municipality: The negative opinion of a few influenced many others 
with environmental worries. It took time before things were settled, 
but they did thanks to good communication. 

Gov. health inst.: Proper alignment with other stakeholders is 
essential for Water utility's reputation. 

(coop.) Water utility 

LANDSCAPE / ENVIRONMENTAL IMPACT 

Water utility: Application leads to a net increase of environmental 
value, but it also creates some damage. 

Municipality: Eventually both water and nature benefitted from the 
inventions. Water production is essentially a 'guardian' for proper 
preservation of the dune area. 

Gov. health inst. 

(coop.) Water utility 

Water utility 

Gov. health inst.: The required excavations damage e.g. soil 
structure; the dune area is very sensitive to such changes. 

(coop.) Water utility 

HEALTH RISKS 

Water utility: High quality water production/treatment is important 
for public health. 

Water utility 

Gov. health inst.: Ecosystem was changed drastically; it did not have 
consequences for human health, but it did for flora / fauna. 

AVAILABILITY OF POLICY AND REGULATIONS 

Water utility: Existing policies were directed towards nature 
preservation through decrease of water production related activities. 

Water utility 

Gov. health inst.: It probably took some time to get this arranged for. 

(coop.) Water utility 

INVOLVEMENT OF AUTHORITIES 

Water utility: The regional government supported implementation. 

Municipality: Eventually close cooperation between Water utility and 
the municipality in the very first stages of the project has prevented 
that we were played off against each other. 

(coop.) Water utility 

(coop.) Water utility 

POLITICAL CONTEXT 

 Municipality: Governing authorities should be included in the 
process from a very early stage; activists are very powerful in 
blocking such interventions, which turn out to be essentially good 
interventions. 
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Drivers and barriers on inter-organizational level 

Enabling implementation Constraining implementation 

CONTACT / COOPERATION 

Water utility: Good cooperation among stakeholders is a boundary condition. 

Gov. health inst.: Important for alignment of activities and mutual understanding. 

(coop.) Water utility 

(coop.) Water utility 

ROLE CLARITY 

Water utility: Clarity regarding each other's role provides insights about each 
other's drivers. 

Gov. health inst.: Prevents misunderstandings. 

(coop.) Water utility 

PAST COLLABORATIVE EXPERIENCES 

Water utility: Previous cooperation leads to a degree of trust, which is important 
for a successful project. 

Gov. health inst.: Enabling if past experiences have been positive (as in this case). 

(coop.) Water utility 

 

DISTRIBUTION OF RESOURCES 

Gov. health inst.: The (financial) input of the launching customer is most 
important. 

 

SHARED GOALS AND (WORLD)VIEWS 

Gov. health inst.: This prevents misunderstandings among stakeholders. 

(coop.) Water utility 

Municipality: At the start of the process our goals were 
not well aligned; time and attention is required to 
arrange this. 

Drivers and barriers on intra-organizational level 

Enabling implementation Constraining implementation 

ORGANIZATIONAL CULTURE 

Water utility:  

Gov. health inst.: Improved our cooperation. 

Water utility: Our organizational culture did allow for 
this intervention, but was generally quite conservative. 

FINANCIAL MEANS 

Water utility: Systems existed already, so investment was relatively modest. 

Gov. health inst.: Required (and available) for successful implementation. 

 

BEST PRACTICES & EXPERIENCES 

Water utility: Past experiences support generation of the right expectations and 
provide trust in outcomes. 

Gov. health inst.: Enabled achievement of optimal results in this ambitious project. 

 

COMPATIBILITY 

Gov. health inst.: Processes and procedures fitted well within organizational 
structures; otherwise this would be a barrier for successful implementation. 

 

ALTERNATIVE TECHNOLOGIES 

Water utility: Alternative technologies are generally more complex, less robust  
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and more expensive. 

Gov. health inst.: Depends on the project stage… 

Drivers and barriers on individual level 

Enabling implementation Constraining implementation 

EMPLOYEES’ KNOWLEDGE 

Water utility/(coop.) Water utility  

EMPLOYEES’ SKILLS 

Water utility/(coop.) Water utility  

EMPLOYEES’ MOTIVATION 

Water utility/(coop.) Water utility  
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Annex-C Detailed response for case 2A 

Drivers and barriers on inter-organizational level 

Enabling implementation Constraining implementation 

CONTACT / COOPERATION 

University: Contact with Loc. goverment [TG: cantonal authority for 
industries] and other stakeholders in the area of membrane usage 
and PAC (powdered activated carbon) facilitated the progress in the 
design phase. 

 

ROLE CLARITY 

University: The focus was on each other’s competences/skills during 
our communication. 

 

PAST COLLABORATIVE EXPERIENCES 

University: This experience facilitated the implementation and 
planning. 

 

Drivers and barriers on intra-organizational level 

Enabling implementation Constraining implementation 

ORGANIZATIONAL CULTURE 

University: Loc. goverment [the client] is perceived as very 
innovative. They are open to new things and highly cooperative. 

 

FINANCIAL MEANS 

University: There were no large financial expenses required because 
the system was already available. 

 

BEST PRACTICES & EXPERIENCES 

University: This enabled the possibility to plan well ahead.  

ALTERNATIVE TECHNOLOGIES 

University: Knowing competing processes could show/point out the 
disadvantages of HCMP; and with that also the optimization 
opportunities. 
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Drivers and barriers on individual level 

Enabling implementation Constraining implementation 

EMPLOYEES’ KNOWLEDGE 

University: The employees are very specialized so that the resulting 
sub-areas of planning, implementing, upgrading etc. could be well 
coordinated. 

Loc. goverment 

 

EMPLOYEES’ SKILLS 

University: The employees are very specialized so that the resulting 
sub-areas of planning, implementing, upgrading etc. could be well 
coordinated. 

Loc. goverment 

 

EMPLOYEES’ MOTIVATION 

University: For the team [to function well] clear communication was 
important and was always actively supported by all. 

Loc. goverment 
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Annex-D Detailed response for case 2B 

Drivers and barriers on contextual level 

Enabling implementation Constraining implementation 

PUBLIC OPINION 

 Research inst.: Possibly seen as potential threat; replacement of 
operating personnel by fully automated control (artificial intelligence) 
of the membrane backwashing process. 

LANDSCAPE / ENVIRONMENTAL IMPACT 

Water utility: Technology reduces the environmental impact by 
optimizing plant operation. 

Research inst.: The aim of the best optimized process is to reduce 
energy and chemical consumption. 

SME: The technology can contribute to reducing the environmental 
impact of wastewater treatment. 

 

HEALTH RISKS 

  

AVAILABILITY OF POLICY AND REGULATIONS 

 Water utility: Regulations are limiting the degrees of freedom 
because we need to comply with discharge threshold values. 

Research inst.: Approval procedures for application necessary? Need 
for clarification! 

SME: Political arrangements that demand more energy-efficient 
technologies are currently lacking. 

INVOLVEMENT OF AUTHORITIES 

 Research inst. 

SME: Involvement of public administrations generally lead to delays 
in project implementation. 

POLITICAL CONTEXT 

SME: Of special importance for us are the support programs of the 
Federal Republic of Germany in the field of water and energy 
efficiency. A significant part of our services are provided in relation to 
such supported projects. 

Research inst.: Under certain circumstances: a critical question 
concerns 'full-scale' implementation; personal control as a last resort 
vs. fully automatic process control systems with ANCS as decision-
maker? 

 

 

Drivers and barriers on inter-organizational level 

Enabling implementation Constraining implementation 

CONTACT / COOPERATION 

Water utility 

SME: We have very good experience in working with the Research 
inst., as well as with universities and other SME’s. We are always 
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trying to fit both our technical solutions as well as our commercial 
processes maximally to our customers in order to avoid unnecessary 
hurdles in the project implementation. 

ROLE CLARITY 

SME: Role clarity is absolutely important for successful project 
implementation. 

Research inst. 

PAST COLLABORATIVE EXPERIENCES 

SME: Over time, experience develops with respect to the question 
with which partners / organizations you can work well together, and 
what needs to be clarified at the beginning of the project to make it a 
success. 

SME: We have also experienced negative experiences working with 
other companies. If cooperation does not work it hinders the 
implementation strongly. 

DISTRIBUTION OF RESOURCES 

 Research inst. 

SHARED GOALS AND (WORLD)VIEWS 

Water utility 

SME: It is of particular importance that all parties involved have 
common goals. 

Research inst. 

SME: If the visions are different, this leads to strong inhibitions in the 
project. 

 

Drivers and barriers on intra-organizational level 

Enabling implementation Constraining implementation 

ORGANIZATIONAL CULTURE 

Water utility 

SME: Innovative climate and trust promote strongly.  

 

FINANCIAL MEANS 

SME: If the own funds are missing for project implementation, the 
project cannot be a success. 

Water utility 

Research inst.: Depends on whether the need to apply the ANCS is 
present or understood; willingness to invest? 

BEST PRACTICES & EXPERIENCES 

Water utility 

SME: Availability and experiences are of course important for the 
success. 

Research inst.: Based on experience no need may be perceived to 
use ANCS. 

COMPATIBILITY 

Water utility 

Research inst.: So far no reliable data regarding feasibility / 
applicability and reliability negative / positive impacts on the 
process.); this is [an] aim of the investigations! 

SME:  

Especially in the area of municipal supply and waste disposal only 
those [options] will work in practice that are compatible with the 
existing processes. 
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ALTERNATIVE TECHNOLOGIES 

Research inst.: The alternative is to operate the membrane process 
without process control systems over ANCS. 
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Drivers and barriers on individual level 

Enabling implementation Constraining implementation 

EMPLOYEES’ KNOWLEDGE 

Water utility 

SME: Especially important is the willingness to learn; to try to 
understand the relevant issues. 

Research inst.: Currently the staff may still have reservations, lack of 
acceptance (reliability, rationalization v. personnel); this must be 
removed by convincing positive results [from pilot studies]. 

EMPLOYEES’ SKILLS 

Water utility 

SME: It is essential to have skills in the field of optimization of 
complex processes. 

 

EMPLOYEES’ MOTIVATION 

Water utility 

SME: Motivation of employees is indispensable for a successful 
project! 
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Annex-E Detailed response for case 3 

Drivers and barriers on contextual level 

Enabling implementation Constraining implementation 

PUBLIC OPINION 

Research inst.: This is important because the general opinion is that 
trace substances should be removed. 

Nat. government: In public consultations, the public showed great 
support, which enabled project progress. 

Water utility 

Research inst.: Cost / energy issue [efficiency], transformation 
products [waste]. 

LANDSCAPE / ENVIRONMENTAL IMPACT 

Research inst.: This was the motivation for the project; 
micropollutants as exotox problem. 

Nat. government: The population supports a further reduction of 
existing pollution. 

Reg. government 

Water utility: Micropollutants concentration decreases in the river. 
Consultant: Micropollutants concentration decreases in the river. 

Consultant: It reduces the environmental impact of the process. 

Reg. government 

 

HEALTH RISKS 

Research inst.: Precautionary principle. Clean water resources is a 
good argument. In Europe disinfection is rather rare. 

Nat. government: There is respect concerning pollution of drinking 
water resources. 

Reg. government 

Water utility 

 

AVAILABILITY OF POLICY AND REGULATIONS 

Research inst. 

Nat. government: The ongoing change in the legislation contributes a 
lot to that this measure will actually be implemented. 

Research inst.: Revision of the Water Protection Ordinance is 
required. 

Nat. government: In other locations/cases hesitation is strong. 

INVOLVEMENT OF AUTHORITIES 

Research inst.: Support by national government is/has been very 
important. 

Nat. government: Our involvement was small, but very welcome. 

Reg. government 

Water utility: Involvement of the funding municipalities of the IKA 
(intercommunal plant) Neugut had to exist. 

Consultant: City of  Dübendorf and other funding  municipalities. 

Research inst.: Cost / energy issue [efficiency], transformation 
products [waste]. 

Reg. government: If authorities are against, technology will not be 
permitted and/or built in practice. 

POLITICAL CONTEXT 

EAWater utility: Depending on political direction, parliament must 
accept to make to project a success. 

Nat. government: Important: City Council supports projects 

Research inst.: Depending on political direction, parliament must 
accept to make to project a success. 

Reg. government 
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Reg. government 

Water utility: Debate in the Federal Parliament was positive. 

Consultant: Debate in the Federal Parliament was positive. 

Drivers and barriers on inter-organizational level 

Enabling implementation Constraining implementation 

CONTACT / COOPERATION 

Research inst.: Makes consideration of various aspects possible 
(ecotox, chemical, technology, decision analysis ...), and a generally 
recognized set of problems and feasibility. 

Nat. government: The existing and proven collaboration with 
Research inst. facilitated the implementation. 

Reg. government 

Water utility: Very important, as pragmatic solutions must be found. 

Consultant: With EAWater utility 

Consultant: Contact with others is extremely advantageous. 

 

 

Reg. government 

ROLE CLARITY 

Research inst.: Good co-operation between departments, operators 
and engineers. 

Nat. government: Research and implementation and operation 
worked very well together; roles were very clear. 

Water utility 

Consultant: Research, planning, implementation and operation was 
always clearly separated and all contributed to it. 

Consultant: Also in collaborations role clarity is advantageous. 

 

PAST COLLABORATIVE EXPERIENCES 

Research inst.: Cooperation generally reinforces implementation. 

Nat. government: It is very useful if you already know each other. 
Such processes are based on mutual trust. 

Reg. government 

Consultant: We had positive experience with researchers and 
engineers before. 

Consultant: This is already my third project in this constellation. 

 

DISTRIBUTION OF RESOURCES 

Nat. government 

Reg. government 

Water utility: Operator has made the tools and resources available. 
The Research inst. and the engineers their expertise. 

Consultant: Operator has made the resources available, Research 
inst. brought a lot of know-how. 

Reg. government 

SHARED GOALS AND (WORLD)VIEWS 

Research inst.: General recognition of the problems. 

Nat. government: Good cooperation requires a common goal. 
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Reg. government 

Water utility: Interests were congruent. 

Consultant: Interests were congruent. 
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Drivers and barriers on intra-organizational level 

Enabling implementation Constraining implementation 

ORGANIZATIONAL CULTURE 

Research inst.: Support from the organization must be ensured. 
Barriers could have emerged throughout the process, but didn’t. 

Nat. government: We have developed a new strategy. Neugut is the 
first implementation, so this project was strongly supported. 

Water utility: Reliable partners with expertise and cooperative 
attitude were beneficial. 

Consultant: Very innovative client, wanting a flagship project. 

 

FINANCIAL MEANS 

Research inst.: Majority of project funded by third-parties. 

Nat. government: Financial resources enable you to do more pilot 
experiments and projects, giving more certainty. 

Reg. government 

Water utility: We had our own funds available, which enabled the 
implementation. 

Consultant: This is a central condition for success! 

 

BEST PRACTICES & EXPERIENCES 

Research inst.: Experience from the drinking water treatment. Having 
a well-functioning expert infrastructure is very important,. 

Nat. government: Important: close to Research inst., which already 
has broad experience. 

Reg. government 

Water utility: Own innovative strength was important, such as 
expertise in planning and implementation. The firms had to be willing 
to participate in the innovation and to deal with the matter. 

Consultant: Prior knowledge of STEP de Vidy + hospital wastewater 
project Baden were very helpful. 

Consultant: Through experience you know what you are talking 
about and know what works and what does not work. 

Reg. government 

COMPATIBILITY 

Research inst.: A water body specific approach is normal in Switzer-
land since the introduction of nitrification and P removal 'culture'. 

Nat. government 

Reg. government 

Water utility: The available space and the procedures complemented 
each other perfectly. This allowed for implementation. 

Consultant: Operator must be open to new technologies and support 
ideas. 

Reg. government 

ALTERNATIVE TECHNOLOGIES 

Research inst.: For each location it must be decided separately which 
technology is most appropriate. 

Nat. government 

Reg. government 

Research inst.: For each location it must be decided separately which 
technology is most appropriate. 

Reg. government 
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Consultant: This (existing alternatives) motivates us to be better than 
what already exists. 
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Drivers and barriers on individual level 

Enabling implementation Constraining implementation 

EMPLOYEES’ KNOWLEDGE 

Research inst. 

Nat. government: Important to have - for assessing the project 
proposals and justification of financial expenses. 

Reg. government 

Water utility: The staff are very motivated and have a great expertise 
and commitment. Their thinking and the fact that they are open to 
new things were very beneficial. 

Consultant: The team has already been successfully working together 
in other micropollutant projects. 

Reg. government 

EMPLOYEES’ SKILLS 

Research inst. 

Nat. government: Close cooperation with researches is essential. 

Reg. government 

Water utility: Good communication and collaboration among 
individuals was already established in previous collaborations. 

Consultant: Understanding between practice and research was there. 

Reg. government 

EMPLOYEES’ MOTIVATION 

Research inst.: Motivation of operating staff is almost more 
important than the current state of knowledge. 

Nat. government: Strong commitment is necessary. 

Reg. government 

Water utility: The willingness to deal with the new technology is 
enormous, as well as the collaborative thinking and work during the 
implementation. 

Consultant: It was not a repetitive task (no ‘modification’ but 
‘innovation’). 

Reg. government 
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Annex-F Detailed response for case 4 

Drivers and barriers on contextual level 

Enabling implementation Constraining implementation 

PUBLIC OPINION 

SME: Some analyses done at SME have received much public 
attention (dioxines in meat, president Yushenko of Ukraine). 

Gov. health inst.: Bioassays are not (yet) known by the broader 
public. 

SME: We still have to work on broader and better acceptance of 
bioassays in 'regular' monitoring programs. 

LANDSCAPE / ENVIRONMENTAL IMPACT 

SME: Bioassays provide quick, reliable and cheap solutions for 
investigation of environmental effects. 

Water utility: Not all effects on environment can be measured by 
chemical analyses; the effect of compound mixtures is often much 
more relevant to know. 

Gov. health inst.: The bioassays that we use give a lot of information 
on effects of compound mixtures, e.g. in environmental samples. 

Research inst. 

University: Good method to determine environmental effects. 

University: To what extent could bioassays be used for assessment of 
effects on environment? That still needs to be investigated. 

HEALTH RISKS 

SME: Bioassays provide quick, reliable and cheap solutions for 
investigation of health effects and provide relevant information for 
exposome research (creating the link between exposure and health 
consequences) 

Water utility: Not all effects on health can be measured by chemical 
analyses; the effect of compound mixtures is often much more 
relevant to know. 

Gov. health inst.: Regarding animal life; detection of effects of 
hormone distortion on e.g. fish reproduction. 

Research inst. 

University 

 

 

 

SME: Application range still needs to be investigated. 

University: To what extent could bioassays be used for assessment of 
effects on health? That still needs to be investigated. 

AVAILABILITY OF POLICY AND REGULATIONS 

SME: CALUX bioassays (dioxine assassment) is officially assigned by 
EU regulations. This is more complicated regarding environmental 
assessments; they are being used in The Netherlands, but not as 'the 
official measurement tool'. 

Research inst. 

SME: Regulations do not yet cover thresholds on compound mixture 
effects; the focus is mainly on individual compounds. In this regard 
the advantages of bioassays - compared to chemical methods - are 
not recognized/required yet. 

Water utility: Norms for bioassays are lacking, resulting in absence of 
bioassays as tools in policies and regulations. 

Gov. health inst.: A regulatory framework for use and application of 
bioassays is lacking. 

Research inst. 

University: Without any regulatory demand for application of 
bioassays drivers for acceptation are lacking. 
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INVOLVEMENT OF AUTHORITIES 

SME: EU showed initiative; Dioxine CALUX was approved by EU. 

Gov. health inst.: Financial support from authorities for research. 

SME: I feel that there is little support from the government to use 
bioassays for assessment of quality of drinking water and surface 
water. Focus is still to much on individual compounds, and there is 
little interest in innovative techniques. Therefore we have initiated 
validation of bioassays ourselves. 

Gov. health inst.: More investment is required in this field (e.g. for 
validation). 

Research inst. 

University: Without any regulatory demand for application of 
bioassays drivers for acceptation are lacking. 

POLITICAL CONTEXT 

SME: Politics does not show much interest. SME: Little support for or interest in novel techniques and their 
advantages (such as bioassays). 

Water utility: The national government wants to proceed with this, 
but on EU level they don't. 

Gov. health inst.: Lack of awareness on application possibilities of 
bioassays. 

University: First step towards acceptation of bioassays and 
introduction of rules and regulations needs to come from their side. 

 

 

Drivers and barriers on inter-organizational level 

Enabling implementation Constraining implementation 

CONTACT / COOPERATION 

SME: We participate successfully - with practical no barriers at all - in 
several research projects (e.g. EU-funded projects) in which bioassays 
are applied as measurement instruments. 

Water utility: Cooperation is especially advantageous with 
likeminded people. 

Gov. health inst.: Knowledge and expertise sharing enables progress. 

University: This supports quicker (pilot) implementation of research 
results. 

 

University:  It is not always easy to get such cooperatives well 
financed. 

ROLE CLARITY 

SME: We always aim to establish clear agreements 

Gov. health inst.: Yes, although some activities could be better 
coordinated/aligned. 

University 

SME 

Gov. health inst.: Continuity of bioassay development is not ensured 
by our regular client (government). 

PAST COLLABORATIVE EXPERIENCES 

SME: Good experiences with previous partners promises success in 
future projects with them. 

Water utility: Cooperation is always advantageous with likeminded 

SME 

University: It is not always easy to get such cooperatives well 
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people. 

Gov. health inst.: Cooperative experience is very important to the 
success of future projects (e.g. PILLS project). 

University: This supports quicker (pilot) implementation. 

financed. 

DISTRIBUTION OF RESOURCES 

SME 

Water utility: In cooperative projects costs van be divided among 
stakeholders, providing the chance of doing more research for less 
money. 

Gov. health inst.: Gov. health inst. - as knowledge institute belonging 
to the national government - has a key position here. 

Research inst. 

University 

SME:  

Gov. health inst.: Sometimes it is unclear why research questions are 
contracted to other organizations. 

University: 

SHARED GOALS AND (WORLD)VIEWS 

SME 

Gov. health inst.: Provides effective ways to combine expertise (e.g. 
generation of the right data by one stakeholder for the right follow-
up action by another stakeholder) 

Research inst. 

University 

Gov. health inst.: Goals (of implementing bioassays) are not shared 
by all stakeholders, making it difficult sometimes to obtain enough 
financial resources. 

 

Drivers and barriers on intra-organizational level 

Enabling implementation Constraining implementation 

ORGANIZATIONAL CULTURE 

SME 

Water utility: Water utility has an eye for innovation. 

Gov. health inst.: Because of availability of broad fields of expertise. 

Research inst. 

Gov. health inst.: Shifts and/or changes in the aims and interests of 
the organization. 

FINANCIAL MEANS 

SME 

Research inst. 

SME 

Water utility: You always want more than the amount that is 
available. 

Gov. health inst.: Insufficient for the required progress. 

BEST PRACTICES & EXPERIENCES 

SME 

Gov. health inst.: Because of availability of broad fields of expertise. 

Research inst. 

Water utility: Only little experience with bioassays available at Water 
utility. 

COMPATIBILITY 

SME 

Gov. health inst.: The possibilities are endless. 

Water utility: People tend to stick to trusted (chemical) methods. 

ALTERNATIVE TECHNOLOGIES 
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SME Water utility: People rather stick to trusted (chemical) methods. 
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Drivers and barriers on individual level 

Enabling implementation Constraining implementation 

EMPLOYEES’ KNOWLEDGE 

SME: In my opinion, bioassays are generally much easier to be 
learned/mastered than chemical analysis techniques for instance. 
This is  an absolute advantage for the people who have to work with 
the assays. We also provide trainings in which peope can learn about 
bioassay application and data interpretation in less than two weeks’ 
time. 

Gov. health inst.: Required knowledge of the field of application is 
available. 

Water utility: Little knowledge present on bioassays within our 
organization. 

Research inst. 

EMPLOYEES’ SKILLS 

SME 

Gov. health inst.: Years of experience in use and application of 
bioassays. 

Gov. health inst.: Lacking organizational capacity for required 
activities. 

Research inst. 

EMPLOYEES’ MOTIVATION 

SME 

Water utility: It is easy to enthuse colleagues for this projects. 

Gov. health inst.: High level of motivation to progress is present 
among colleagues. 

Research inst. 

Gov. health inst. 

 


