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1 Introduction  

1.1 Content of this document 

The main contents of this document are recommendations for impact developed for technologies and 
methods studied and developed during the DEMEAU project. This section provides background 
information on the DEMEAU project and how the recommendations for impact were developed. The 
individual sections per technology are self-contained capacity building documents which can be used 
independently of this report:  

 Managed Aquifer Recharge (MAR)  Pages 5 to 13 
 Hybrid Ceramic Membrane Filtration (HCMF) Pages 14 to 22 
 Automatic Neural Net Control System (ANCS)  Pages  23 to 30 
 Advanced Oxidation Processes (AOPs)  Pages 31 to 40 
 In-vitro Bioassays  Pages 41 to 47 

The Annexes A to E contain results from work area specific workshops and interviews, which build a 
part of the recommendations for impact. Further basis of these recommendations are environmental 
and economic unique selling propositions reported in DEMEAU deliverable 51.1 (‘Unique selling 
propositions’, Remy et al. 2015A) and results from the drivers and barriers analysis reported in 
DEMEAU deliverable 52.2 (‘Implementation barriers’, Pieron and van der Zouwen 2014). 

1.2 Background of DEMEAU: demonstration of promising technologies 

The drinking water, wastewater, and public health sectors are facing 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 sector to face 
emerging pollutants and thus securing water and wastewater services and public health. The project 
exploited technologies and methods from former EU research (Figure 1-1): Managed Aquifer 
Recharge (MAR), Hybrid Ceramic Membrane Filtration (HCMF), Automatic Neural Net Control 
Systems (ANCS), Advanced Oxidation Processes (AOPs), and in-vitro bioassays. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1:   Overview of the DEMEAU project organization (source: www.DEMEAU-fp7.eu) 
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Exploitation took place through action research with universities, research institutions, innovative 
SMEs, 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.  

1.2.1 Work area 1: Managed Aquifer Recharge (MAR) 

Managed aquifer recharge uses natural processes to treat and store water until subsequent (re-)use. 
Natural processes include biological digestion of organic matter, chemical processes and physical 
processes (e.g. adsorption) which are due to the complex interplay on one hand less predictable than 
other treatment methods but on the other hand also have a high buffer potential. DEMEAU explored 
current MAR systems and developed design, operational and risk management recommendations, 
involving stakeholders such as utilities and authorities. Apart from establishing recommendations for 
current MAR systems, several innovative MAR designs were studied at different sites: 

 Additional organic layer: An additional organic layer to remove organic emerging 
contaminants was tested in Sant Vicenç dels Hort. 

 AOP as pre-treatment: The pre-treatment of influent water by an Advanced Oxidation Process 
(O3/H2O2/UV) before infiltration was tested at Dunea. 

1.2.2 Work area 2: Hybrid Ceramic Membrane Systems (HCMSs) and Automatic Neural Net Control System 
(ANCS) 

Current state-of-the-art membranes are usually fabricated from polymers. While ceramic membranes 
are currently more expensive than polymeric membranes, their higher mechanical strength, longer 
lifetime and backwash efficiency may provide significant improvement in terms of cost and 
environmental impact if the entire life cycle of the product is considered. Automatic neural net 
control, which can help to optimize performance and minimize chemical and energy demand, is a 
promising tool to decrease operational and investment cost for ceramic membrane filtration, which 
are still main barriers for its implementation. Innovative ceramic membrane and ANCS aspects in 
DEMEAU include:  

 Cost and environmental impact over the life cycle. For products with a long life time, cost and 
environmental aspects considered over an entire life cycle are especially important. 

 ANCS to control filtration processes. The application of ANCS full scale was a main goal of 
DEMEAU WP23.    

1.2.3 Work area 3: Advanced Oxidation Processes (AOPs) 

While oxidative processes have a long history to disinfect the effluent of WWTPs and drinking water, 
several advanced oxidation processes now exist to provide further treatment which includes the 
inactivation and/or removal of emerging contaminants. Ozonation with subsequent biological 
filtration can significantly reduce emerging contaminants in the effluent, but has a high energy 
consumption and additional safety precautions have to be taken. So far Advanced Oxidation Processes 
(AOPs) have mainly been used for industrial waste water treatment and only at lab scale for municipal 
waste water. Innovative aspects of advanced oxidation in DEMEAU included: 
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 O3 with H2O2 and filtration for drinking water production. At lab scale, a combination of ozone 
with hydrogen peroxide and subsequent filtration (activated carbon and ultrafiltration) was 
tested for drinking water production from lake water. 

 Ozonation for emerging contaminant removal in waste water treatment. The first full-scale 
ozonation at a WWTP in Switzerland for advanced emerging contaminant removal was 
assessed. 

1.2.4 Work area 4: In-vitro bioassays  

Bioassays are effect-based tools that can detect wide ranges of pollutants based on their genotoxicity, 
mutagenicity and their interference with the endocrine system in mammals. DEMEAU will identify 
(primarily in-vitro) bioassays which are sensitive for a wide range of emerging contaminants and 
select appropriate bioassays in terms of cost-efficiency. Innovative aspects of bioassays considered in 
DEMEAU included: 

 In vitro bioassays as cost-effective integration into chemical-analytical monitoring. In contrast 
with chemical-analytical monitoring, bioassays can detect a wide range of even unknown 
pollutants based on their effects. This makes them interesting as an additional water 
monitoring step which may prove cost effective in combination with conventional analytics. 

1.3 Scope and objectives 

Within the DEMEAU project, the objectives of Work Area 5 (WA5) were the sustainability assessment 
and fostering of the market uptake of emerging water technologies in response to rising concerns 
about contamination by emerging contaminants in waste water and drinking water sources. Here we 
present technology specific recommendations for impact which are based on case studies conducted 
in all four technology work areas of the DEMEAU project. For case studies analysed by WA5, 
environmental and economic unique selling propositions were developed based on environmental life 
cycle assessment (LCA) and economic life cycle costing (LCC) approaches. Drivers and barriers of 
market uptake were assessed using online interviews and used as basis for stakeholder workshops 
where recommendations were developed from a stakeholders’ perspective. Drawing from these 
environmental, economic and sociotechnical analyses conducted at DEMEAU case studies, WA5 
developed transferable recommendations for promising water technologies which are documented in 
self-contained work area specific documents contained in this report.   

1.4 Methodology 

Here we provide a brief overview of the applied methodology in WA5. The methodology is described 
in detail in DEMEAU deliverable D51.2 ‘Final guidelines for sustainability assessment of water 
technologies’ (Remy et al. 2015). Analyses are based on case studies conducted in the respective 
technology work areas.  

1.4.1 Environmental and economic properties – Unique selling propositions  

DEMEAU WA5 aimed at providing an integrative picture of environmental, economic and 
sociotechnical aspects of sustainability. Work package 51 assessed the environmental and economic 
sustainability profiles of promising new water technologies through environmental Life Cycle 
Assessments (LCAs) and economic Life Cycle Costings (LCCs). Together with the most promising 
application areas of each technology, results from LCA and LCC helped to formulate Unique Selling 
Propositions (USPs). The approach is described in more detail in DEMEAU Deliverable 51.1: ‘Unique 
selling propositions’.  
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1.4.2 Socio-technical properties – Drivers and barriers for market 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 promote a swift market uptake the 
following issues were addressed in work package 52: 

• Implementation drivers (enabling factors) and barriers (constraining factors): for the identified 
innovative technologies various obstacles and difficulties for implementation need to be 
overcome. On different analytical levels (individual, organisational, institutional and regulatory) 
barriers have to be carefully taken into account and addressed to achieve successful 
implementation. For each of the case studies main barriers are identified from the diverse 
perspectives of the involved stakeholders, which are consequently confronted with each other in 
order to come to shared solutions. 

• Recommendations for impact: For each new technology demonstrated in WA1 - WA4 specific 
recommendations for successful implementation are to be formulated in the context of their most 
promising application areas. 
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2 Managed Aquifer Recharge (MAR) 

This section of the report provides recommendations for impact developed for Managed Aquifer 
Recharge (MAR). The recommendations are based on detailed Life Cycle Assessments (LCAs), Life 
Cycle Costings (LCC) and drivers and barriers analyses with a stakeholder workshop and additional 
information that are provided in the following documents: 

 

Demeau D51.1: Unique Selling Propositions (Remy et al. 2015A). Results and discussion of LCA and LCC 
analyses. Section 3 on MAR.  

Demeau D51.2: Final guidelines for sustainability assessment of water technologies (Remy et al. 2015B). 
Description and critical discussion of the methodologies applied. 

Demeau D52.1: Implementation barriers (Pieron and van der Zouwen 2014). Results and short 
discussion of the barriers analysis. Section 3.1 on MAR. 

Annex-A of this report. Short summary of results from the MAR workshop conducted in Sant Vicenç 
dels Horts, Spain. 

 

Aforementioned reports and a PDF version of the following recommendations for impact for MAR can 
be downloaded from the DEMEAU homepage: http://demeau-fp7.eu. 
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3 Hybrid Ceramic Membrane Filtration (HCMF) 

This section of the report provides recommendations for impact developed for Hybrid Ceramic 
Membrane Filtration (HCMF). The recommendations are based on detailed Life Cycle Assessments 
(LCAs), Life Cycle Costings (LCC) and drivers and barriers analyses with a stakeholder workshop and 
additional information that are provided in the following documents: 

 

Demeau D51.1: Unique Selling Propositions (Remy et al. 2015A). Results and discussion of LCA and LCC 
analyses. Section 4.3 on HCMF.  

Demeau D51.2: Final guidelines for sustainability assessment of water technologies (Remy et al. 2015B). 
Description and critical discussion of the methodologies applied. 

Demeau D52.1: Implementation barriers (Pieron and van der Zouwen 2014). Results and short 
discussion of the barriers analysis. Section 3.2.1 on HCMF. 

Annex-B of this report. Short summary of results from the comined HCMF and Automatic Neural Net 
Control Systems (ANCS) workshop conducted in Roetgen, Germany. 

 

Aforementioned reports and a PDF version of the following recommendations for impact for HCMF 
can be downloaded from the DEMEAU homepage: http://demeau-fp7.eu. 
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4 Automatic Neural Net Control Systems (ANCS) 

This section of the report provides recommendations for impact developed for Automatic Neural Net 
Control Systems (ANCS). The recommendations are based on detailed Life Cycle Assessments (LCAs), 
Life Cycle Costings (LCC) and drivers and barriers analyses with a stakeholder workshop and 
additional information that are provided in the following documents: 

 

Demeau D51.1: Unique Selling Propositions (Remy et al. 2015A). Results and discussion of LCA and LCC 
analyses. Section 4.4 on ANCS.  

Demeau D51.2: Final guidelines for sustainability assessment of water technologies (Remy et al. 2015B). 
Description and critical discussion of the methodologies applied. 

Demeau D52.1: Implementation barriers (Pieron and van der Zouwen 2014). Results and short 
discussion of the barriers analysis. Section 3.2.2 on ANCS. 

Annex-C of this report. Short summary of results from the combined HCMF and ANCS workshop 
conducted in Roetgen, Germany. 

 

Aforementioned reports and a PDF version of the following recommendations for impact for ANCS can 
be downloaded from the DEMEAU homepage: http://demeau-fp7.eu. 
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5 Advanced Oxidation Processes (AOPs) 

This section of the report provides recommendations for impact developed for ozonation against 
emerging contaminants in wastewater treatment. The recommendations are based on detailed Life 
Cycle Assessments (LCAs), Life Cycle Costings (LCC) and drivers and barriers analyses with 
stakeholder interviews and additional information that are provided in the following documents: 

 

Demeau D51.1: Unique Selling Propositions (Remy et al. 2015A). Results and discussion of LCA and LCC 
analyses. Section 5 on advanced oxidation processes. 

Demeau D51.2: Final guidelines for sustainability assessment of water technologies (Remy et al. 2015B). 
Description and critical discussion of the methodologies applied. 

Demeau D52.1: Implementation barriers (Pieron and van der Zouwen 2014). Results and short 
discussion of the barriers analysis. Section 3.3 on ANCS. 

Annex-D of this report. Short summary of results from interviews conducted with stakeholders of the 
ozonation at the WWTP Neugut. 

 

Aforementioned reports and a PDF version of the following recommendations for impact for 
ozonation against emerging contaminants in wastewater treatment can be downloaded from the 
DEMEAU homepage: http://demeau-fp7.eu. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Demonstration of promising technologies 
 

 

 

32 

 

 



Demonstration of promising technologies 
 

 

 

33 

 

 



Demonstration of promising technologies 
 

 

 

34 

 

 



Demonstration of promising technologies 
 

 

 

35 

 

 



Demonstration of promising technologies 
 

 

 

36 

 

 



Demonstration of promising technologies 
 

 

 

37 

 

 



Demonstration of promising technologies 
 

 

 

38 

 

 



Demonstration of promising technologies 
 

 

 

39 

 

 



Demonstration of promising technologies 
 

 

 

40 

 

6 In-vitro bioassays 

This section of the report provides recommendations for impact developed for in vitro bioassays. The 
recommendations are based on qualitative Life Cycle Assessments (LCAs), Life Cycle Costing's (LCC) 
and drivers and barriers analyses with stakeholder interviews and additional information that are 
provided in the following documents: 

 

Demeau D51.1: Unique Selling Propositions (Remy et al. 2015A). Results and discussion of LCA and LCC 
analyses. Section 6 on in-vitro bioassays. 

Demeau D51.2: Final guidelines for sustainability assessment of water technologies (Remy et al. 2015B). 
Description and critical discussion of the methodologies applied. 

Demeau D52.1: Implementation barriers (Pieron and van der Zouwen 2014). Results and short 
discussion of the barriers analysis. Section 3.4 on in-vitro bioassays. 

Annex-E of this report. Short summary of results from stakeholder interviews conducted with 
stakeholders of the DWTP WAG.  

 

Aforementioned reports and a PDF version of the following recommendations for impact for in-vitro 
bioassays can be downloaded from the DEMEAU homepage: http://demeau-fp7.eu. 
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Annex-A Workshop results: Managed Aquifer Recharge (MAR) 

An online survey conducted during 2013 aimed to identify the main drivers and possible barriers 
during the implementation of MAR at the Sant Vicenç dels Horts case study (further details in Pieron 
and van der Zouwen 2014). During a workshop conducted in Barcelona on October 2, 2014, an 
interactive session was organized with 39 participants from different backgrounds including 
scientists, policy makers, water associations and water utilites. The aim of the interactive session was 
to elaborate on the survey findings and confront the various perspectives (with regard to the major 
barriers that were identified) with each other. For that purpose, the major barriers that had been 
identified from the online survey were translated into statements, which were presented at the 
workshop. The participants were asked to agree or disagree with the statements and comment on 
their choice and results are shown in Table A-1.  

 

Table A-1 Overview of drivers and barriers from online questionnaires (summarized from D52.1) and 
responses to questions during a stakeholder event (number of respondents between 10 and 13 
persons per stakeholder group) 

 Drivers and barriers for market implementation 

C
o

n
te

xt
u

al
 

Online questionnaires 
(-) Public and governmental resistance because of required changes in physical environment 
(pools, fences, shutting down nature reserves for public) 
(-) Use of reclaimed water is not yet fully accepted by the general public (perceived 
environmental and health risks)  
(-) Strict/inflexible regulations leading to very high 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 and is therefore not perceived as a valuable 
investment option for authorities 

Questions during workshop 
“Use of reclaimed water is not yet fully socially accepted by the 
general public; people are easily scared by potential negative 
impacts for environment and health” 

Participants’ agreement 
Science:                         13/13 
Administration:          12/13 
Operators:                    11/12 

“Strict and inflexible regulations – especially with regard to 
reclaimed water – pose very high (unnecessary) requirements  
that are very difficult and expensive to meet” 

Science:                         12/13 
Administration:            9/13  
Operators:                    11/13 

In
te

r-
o

rg
an

iz
at

io
n

al
 

Online questionnaires 
(+) Good relationships, with clear division of tasks, transparent communication and shared 
views are important. Especially: Existence of a network with required expertise and well-known 
relations; good experiences with previous collaborations; absence of ‘knowledge wars, presence 
of trust. 
(+) 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. 
(-) Communication about financials was perceived as challenging. When it comes to the 
question: ‘who will pay?’, resources seem difficult to allocate. 
(-) Learning from other cases (especially on an international level) is found to be a 
challenge/barrier, since boundary conditions are very case specific.  
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Questions during workshop 
“Communication about financials is relatively challenging: when 
it comes to the question ‘who will pay?’ resources seem difficult 
to allocate” 

Participants’ agreement 
Science:                         12/13 
Administration:          12/12 
Operators:                    12/12 

In
tr

a-
o

rg
an

iz
at

io
n

al
 

Online questionnaires 
(+) 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.  
(-) Lack of experience and knowledge on best practices  
(-) This knowledge gap causes an investment risk and difficulties to get the required financial 
resources together 
 

Questions during workshop 
“Lack of experience and knowledge on best practices on 
emerging contaminant removal/degradation in MAR systems 
(due to their context specificity) results in much uncertainty and 
high risks” 

Participants’ agreement 
Science:                          3/13 
Administration:           4/10 
Operators:                     9/12 

In
d

iv
id

u
al

 

(+) 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) 

Questions during workshop 
“Regulators and policy makers (as organizations) lack the 
knowledge and/or capacity to adapt the current regulations to a 
more MAR-friendly framework (especially regarding the use of 
reused water)” 

Participants’ agreement 
Science:                        10/10 
Administration:             8/9 
Operators:                       9/9 

 

This interactive session built the starting point for break-out sessions into the following stakeholder 
groups: science, operators and regulators. In these sessions, stakeholders were asked to discuss and 
summarize the most important implementation barriers and write down what – from their 
perspective – should be done by each of the stakeholder groups (including themselves) to overcome 
the barriers. During the workshop, the following implementation barriers were considered the most 
important as mentioned during the different break-out sessions (Table A-2).  
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Table A-2  Overview of implementation barriers and requirements from scientific community, administration 
and operators to overcome such barriers according to break-out sessions  

 

 

The wrap-up of the different breakout sessions was summarized by exponents of each stakeholder 
group:  

 

Scientists 

 MAR is sometimes in competition with other DW production methods and often doesn’t receive 

funds. 

 Regulators should be realistic and decide based on the context. Case-to-case decisions are 

important. 

 If flaws exist, it is also important to communicate. Not only best practices should be 

communicated. 

 Operators should be aware of technology needed and provide funding for research. 

 MAR is only a management measure appropriate in some cases, but not in all cases (pers. 

Comment Prof. Custodio) 
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Operators 

 Barriers seem to be similar to scientific community. 

 There is not one single regulator that can give an answer to everything. 

 It is always nice to put up something visible, but aquifers of course are not so visible. 

 We can offer experience and sites, so researchers can do field tests. 

 We could develop indicators with thresholds to manage the systems. 

 Admin should provide tools, so operators can protect/manage the resource. 

 Scientific community should provide information on impact of emerging pollutants on public health 

and admin should provide such information to operators. 

 Studies should take into account environmental and economic aspects (LCA/LCC). 

 All the different costs need to be included in the water bill. We currently don’t know how to do it. 

 More communication is needed. This is the first such gathering between different levels (admin, 

regulator, scientific). 

 

Regulators 

 Complex administrative structure with lacking communication/coordination between different 

bodies. 

 We also have to work on other compounds (e.g. priority lists of WFD), not only on the emerging 

contaminants. 

 Direct/indirect beneficiaries should pay at least part of the costs which are currently paid by 

administration (structures, canals etc.). 

 Results from LCA/LCC are not implemented in Spain. 

 Politicians and lawmakers need to realize that European laws need to be adapted to local 

conditions (hydrological etc.). 

 

 



Demonstration of promising technologies 
 

 

 

53 

 

Annex-B Workshop results: Hybrid Ceramic Membrane Filtraton (HCMF) 

An online survey conducted during 2013 aimed to identify the main drivers and possible barriers 
during the implementation of Hybrid Ceramic Membrane Filtration (HCMF) at the WWTP Birs case 
study in Switzerland (further details in Pieron and van der Zouwen 2014). During a workshop 
conducted in Roetgen on June 11, 2015, an interactive session was organized with participants from 
different backgrounds involved with membrane filtration and/or Automatic Neural Net Control 
Systems (ANCS, also see Annex-C). The aim of the interactive session was to confront the various 
perspectives on driving forces and barriers for HCMF market implementation between different 
stakeholders involving scientist, water utilities and consultants. The following tables provide a 
summary of barriers (Table B-1) and drivers (Table B-2) identified by stakeholders at the workshop 
and how the scientific community, administration and operators could help to overcome barriers and 
make best use of drivers. 

 

Table B-1 Barriers for market implementation of HCMF and how these could be overcome based on output of 
interactive session 

Barriers Required from scientific 
community 

Required from 
administration 

Required from operators 

Life cycle costs of 
additional 
installations 

further development of 
mebranes [and] adsorption 

 optimising operations 

Energy 
requirements 

enhancements mebranes 
[and] adsorption 

 optimising operations 

Anonymousness Communication [between stakeholder groups] 

Technical 
feasability, 
technical stability 

Exchange with other application sectors 
"ERFA" meetings [i.e. 
meetings for knowledge 
exchange] 

 PAC raw 
materials 

Alternative materials Guidelines Certificates, auditing 
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Table B-2 Drivers for market implementation of HCMF and how these could be tapped in future projects based 
on output of interactive session 

Drivers Required from scientific 
community 

Required from 
administration 

Required from operators 

Next 
generation 
[higher water] 
quality 
requirements 

 
Administrative 
processes, administrative 
actions  

  

Water reuse 
goals 

 
Legal framework 
conditions for water 
reuse 

  

Robustness 
Communicate 
experiences 

 
Communicate 
experiences 

Stable operation 
and efficient use 
of area 

Further optimisation of 
flow rate per m2 
membrane surface area 

Landscape planning   

Fear [concern] 
about emerging 
contaminants 
and inquiry at 
costumer/end-
user 

Popular science 
publications; publicity 

Precautionary principle   
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Annex-C Workshop results: Automatic Neural Net Control Systems (ANCS) 

An online survey conducted during 2013 aimed to identify the main drivers and possible barriers 
during the implementation of Automatic Neural Net Control Systems (ANCS) at the DWTP WAG case 
study in Germany (further details in Pieron and van der Zouwen 2014). During a workshop conducted 
in Roetgen on June 11, 2015, an interactive session was organized with participants from different 
backgrounds involved with ANCS and/or membrane filtration (also see Annex-B). The aim of the 
interactive session was to confront the various perspectives on driving forces and barriers for ANCS 
market implementation between different stakeholders involving scientist, water utilities and 
consultants. The following tables provide a summary of barriers (…) and drivers (…) identified by 
stakeholders at the workshop and how the scientific community, administration and operators could 
help to overcome barriers and make best use of drivers. 

 

Table C-1 Barriers for market implementation of ANCS and how these could be overcome based on output of 
interactive session 

Barriers Required from scientific 
community 

Required from 
administration 

Required from operators 

Intransparence of 
the optimisation  
processes 

Technical communication 
and visualisation 

 

Transparency; 
Integration of employees 
during introduction [of 
ANCS to facility]; 
exchange of experience 

Assignement 
practice 

 

Pre-qualification or 
quote request 
assignement by private 
contract 

  

Not all 
operational  
states mapped 
[visualized in 
software] 

Technical communication 
and visualisation 

 

Transparency; 
Integration of employees 
during introduction [of 
ANCS to facility]; 
exchange of experience 

Possible 
opposition from 
public authorities 

Improved communcation 
with public authorities; 
idependent scientific 
examination 

Improved 
implementation of 
national guidelines; 
openness for innovation 

  

fear of job loss Communication/education   

Corporate 
communication; 
advanced training; 
communicate security 
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Table C-2 Drivers for market implementation of ANCS and how these could be tapped in future projects based 
on output of interactive session 

Drivers Required from scientific 
community 

Required from 
administration 

Required from operators 

Cost pressure 

Advance performance in 
distribution [sales] 
phase; value-added chain 
analysis [cost/benefit 
analysis] 

Cost-conscious behaviour   

Rising 
requirements and 
threshold values 

Reference projects 
Regular life cycle 
analyses 

  

Support of plant 
operation 

 
Increasing security during 
plant operation 

  

Support 
[financial] 

 
Simplified access [to 
financial support] 

  

Psychological 
security 

  Communication 
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Annex-D Interview results: Ozonation in wastewater treatment 

An online survey conducted in 2013 aimed to identify the main drivers and possible barriers during 
the implementation of ozonation followed by biological sand filtration at the WWTP Neugut in 
Switzerland (further details in Pieron and van der Zouwen 2014). This survey was in 2015 followed 
by a series of in-depth interviews with experts involved in the case study in different roles and have 
different perspectives on drivers and barriers. Representatives from various stakeholder groups that 
are involved in the Neugut case study provided insights in perceived drivers and barriers and 
expectations between the various groups.  

 

Table D-1 Barriers for market implementation of ozonation against emerging contaminants in wastewater 
treatment and how these could be overcome based on stakeholder interviews 

Barriers Required from scientific 
community 

Required from 
administration 

Required from 
operators 

Te
ch

n
o

lo
gi

ca
l 

 Oxidation by-products are a 
central criterion and co-
determine if ozonation should 
be applied in a specific case 

 Uncertainties in the 
dimensioning (ozone reactor, 
generator) from pilot to full-
scale 

 Experience with just one 
technology [at a specific site, 
region] may lead to the usage 
of just this particular 
technology 

 The effect of specific by-
products in aquatic 
ecosystems is still unclear 

 Determine which 
oxidation by-products 
are generated and try 
minimizing their 
generation, more basic 
research required 

 Assure high removal 
efficiencies for target 
contaminants 

 Improve measurability 
of problematic 
substances 

 Science should signalise 
that the technology 
works 

 The development 
status of a technology 
is an important factor 
in the technology 
selection  

 Text combination of 
different technologies 
in order to be able to 
react to changing 
regulations [e.g. with 
regard to target 
contaminants] 

 Request/support more 
pilot implementations 
 

 Supply information 
with regard to the 
composition of the 
wastewater at specific 
WWTPs 
(contaminants 
present, special 
industries in their 
catchment areas etc.) 

 Openness toward 
new technologies 

 Readiness to conduct 
pilot studies together 
with research 
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Barriers Required from scientific 
community 

Required from 
administration 

Required from 
operators 

R
e

gu
la

to
ry

 

 Utilities are confronted with 
new challenges and their 
respective regulations (safety 
concerning oxygen and ozone 
etc.) 

 General regulations such as 
operation with dangerous 
substances are clear, there 
are some uncertainties with 
regard to insurances 

 Flexibility with regard to 
indicators [target 
contaminants] is positive on 
one hand, but makes planning 
more difficult 

 Administration needs a 
decision basis from 
science to distingish 
problematic from non-
problematic substances 
and to define 
thresholds 

 Should signalise that 
the decisions taken are 
long-term decisions so 
that investments are 
save 

 Early communication 
of who should be 
involved with which 
responsibilities in new 
projects 

 

 

Fi
n

an
ci

a
l 

 In cases where regulatory 
pressure is absent, in is 
prinicpally a matter of 
financial resources and 
sources of this funding 

 Governments usually not 
willing to fund, unless there is 
a legal obligation 

 

 Subventions are a 
strong driver 

 Fines [for non-
compliance] usually 
lead to a fast 
technological upgrade 

 

 

So
ci

al
/c

o
o

p
e

ra
ti

o
n

 

 Possible uncertainties and 
inclarities in the process 

 Scientits should be 
willing and motivated 
to support with 
scientific background 
information, 
measurement of 
effects etc. 

 

 Partners such as 
communes, cantonal 
and national players 
should be motivated to 
engage in the project 
(financial 
contributions, 
adaptations of 
regulations etc.) 

 Signalization of interest 
from administration 
can have a motivating 
effect among other 
stakeholders 

 

 Operators should be 
willing to 
test/implement the 
technology 
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Annex-E Interview results: In-vitro bioassays 

An online survey conducted in 2013 aimed to identify the main drivers and possible barriers during 
the implementation of bioassays at Waternet (further details in Pieron and van der Zouwen 2014). 
This survey was in 2015 followed by a series of in-depth interviews with experts involved in the case 
study in different roles and have different perspectives on drivers and barriers. Representatives from 
various stakeholder groups that are involved in the Waternet case study provided insights in 
perceived drivers and barriers and expectations between the various groups. We distinguish three 
groups: the utility (Waternet and Vitens), research and development (Het Waterlaboratorium, KWR), 
and national policy (RIVM) and results are presented in the following tables. 
 

Table E-1 Expectations of policy makers and authorities to achieve successful implementation of in-vitro 
bioassays 

Participants’ expectations Comments 

Technological  

Formulate basic level of 
information/knowledge that is 
required to develop guidelines and 
standards. 

For researchers/developers, in order to know what kind of 
knowledge/information they should deliver 

Financial  

Explore different incentives for water 
utilities to innovate and invest in 
innovative monitoring methods and 
strategies 

Explore different options and consider what would be more efficient 
to facilitate innovation, for example: making the regulations more 
restrictive OR demand a minimum amount of money to be invested in 
research and development of water quality monitoring? 

Regulatory  

Develop a vision on the future of 
drinking water quality monitoring 
standards/strategies 

Together with experts and practitioners; existing guidelines (WFD) 
are old-fashioned and do not represent the state-of-the-art 
possibilities and newest insights. 

Train water quality inspection to 
compare/obtain info on/keep an eye 
open for innovative monitoring 
techniques 

Although inspection generally only checks whether minimum 
regulatory demands are being met it would be helpful if extra 
interventions (such as bioassays) and their performance would also 
be assessed and compared to each other, to gain an overarching view 
on potential improvements to the monitoring system. 

Lobby on the European level 
Water quality standards are determined on European level. In order 
to standardize bioassays for drinking water quality monitoring, it is 
required that national authorities lobby on the European level. 

Translate scientific outcomes to 
guidelines and standards (not 
regulations) 

Research experiments and set-ups need to be translated to standard 
procedures and monitoring strategies. Policy makers need to 
cooperate closely with scientists and developers (for a good 
understanding of the matter) to be able to do this. 

 Social  

Be open to the potential of 
innovations 

High risks are unwanted in relation drinking water quality, resulting 
in a conservative attitude in the sector. However, policy makers need 
to be open to new solutions, such as bioassays, give it a chance, and 
most importantly: ask questions! 
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Table E-2 Expectations of scientific community and technology developers (to achieve successful 
implementation of in-vitro bioassays) 

Participants’ expectations Comments 

Technological  

Translate bioassay measurements to 
effects for the ecosystem and human 
health 

The toxic effect of a concentrated mixture on cell lines needs to be 
translated to the effect of the original water sample on humans and 
the environment. Therefore it is not enough to know the toxic effect, 
but you need to know which compounds in the mixture cause the 
effect; therefore a clear link is needed between bioassay 
measurements and (follow-up) chemical analyses. 

Develop trigger values that represent 
toxicity thresholds for water samples 

High margins of uncertainty (‘soft science’), when does a green light 
become a red light? 

Ask utilities which questions still 
need to be answered 

Independent researchers/scientists tend to dive deep into details 
and forget the big lines that are important to get to implementation 
in practice; they should thus use utilities as a ‘guide’ in establishing 
the research agenda. 

Financial  

Initiate research projects on 
bioassays (in cooperation with 
universities and other 
researchers/developers) 

Apply for funds (such as NWO in The Netherlands) with consortia 
that include perspectives from science and practice. This is the only 
way to develop bioassays in such a way that they are ready for the 
drinking water market 

Be clear and realistic about expected 
results of bioassay research projects 
and be clear about benefits for 
utilities and society as a whole. 

To prevent disappointment, keep up the enthusiasm at stakeholder 
groups. Experimentation takes a long time and many resources; 
funders and co-operators need to understand why this is needed in 
order to keep financing bioassay research. 

Regulatory  

Validate bioassays that are applicable 
in the drinking water sector 

Guidelines can only be developed if the methods and tools are 
validated. As long as there is no ‘standard’ it will be challenging to 
include bioassays in monitoring strategies 

Explain methods of interpretation 

Bioassays as ‘soft science’, interpretation of measurements is more 
complex than interpretation of chemical analyses. Policy makers (in 
utilities and in governments) need to understand this in order to 
translate them to guidelines and regulations 

Initiate multi-stakeholder workshops 
and showcase and share successes, 
benefits and potential 

Showcase and discuss the success and possible applications to 
policy makers and end users (utilities), to convince them to join 
activities and share their future visions of monitoring strategies. In 
this phase of development researchers have most knowledge and 
might thus be considered the ones to start multi-stakeholder 
dialogues in order to design joint roadmaps towards 
implementation 

Social  

Explain meaning and implications of 
‘toxicity’ (educate people) 

Word has a negative connotation right now among the public. 
Establish a simple understandable storyline of bioassays. 

Share information, insights, agendas 
and meetings with other stakeholders 
in order to create more ‘ambassadors’ 

It is important that people meet and share. 
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Table E-3 Expectations of utilities (to achieve successful implementation of in-vitro bioassays) 

Participants’ expectations Comments 

Technological  

Share conditions of application with 
researchers and developers 

Price, duration, resources, etc. Utilities should give direction to 
science to make things applicable. 

Start demonstration projects 
(together with researchers) 

Start with experimenting with low-threshold (inexpensive and easy 
to adapt) set-ups. This way it stays easy to understand for lay 
audiences, such as policy makers. Moreover, if expensive set-ups 
don’t function as expected utilities tend to lose interest.  

Financial  

Funding or in kind cooperation in 
demonstration project 

Financial contribution for research projects would be great (if it’s 
important for your operation you should invest as a utility), but in 
kind cooperation is already very helpful, to make infrastructure and 
tools/strategies available and jointly develop a showcase/ 
demonstration project 

Reach out to other contributors 
Labs, assays, etc. Many things are required for research on bioassays. 
Water utilities should use their network and convince other parties to 
cooperate in consortia (in-kind for example) 

Regulatory  

Express societal benefits of 
application of bioassays to policy 
makers 

… to emphasize importance of continuing development of 
technique/method. Raise awareness and increase societal pressure 
on policy makers/funders to take action and provide support. 

Active lobby (government) 
Actively put pressure on institutions and emphasize the importance 
of new developments and their regulatory requirements, to get the 
attention of policy makers. 

Social  

Have a more innovative mindset 

Be open to changes; don’t fear that new methods and new insights in 
the water quality lead to negative public opinion or fear. Better to 
know toxic effects now than never. And it is possible to explain it (not 
if monitoring is possible now but you stick your head in the sand and 
don’t do anything while it would have been possible looking 
backward) 

Be an ambassador 
If utilities are enthusiastic  about bioassays, they should be an 
ambassador and spread the message to other utilities and 
stakeholder groups (policy makers, society, etc.) 

Share insights Share insights as a ‘public good’, don’t keep them to yourselves 

Develop a communication strategy 
… that helps you to explain your monitoring outcomes/toxicity effects 
and implications to the general public. Prevent public fear, negative 
public opinions, etc. 
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Table E-4 Expectations from workshop participants with regard to joint actions 

Participants’ expectations Comments 

Don’t blame each other, but take 
responsibility and action! 

Stakeholder groups can and should not blame each other for not 
taking action with regard to bioassay development and 
implementation, because it’s everyone’s responsibility to take steps. 
The only way is to join forces, stick together, cooperate. 

Develop a shared vision document 
Develop a shared vision on the future of drinking water quality 
monitoring standards/strategies 

 

 


