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1. Introduction

1.1

Context and objectives

Deliverable 5.4 syntheses process and results of Work Package 5 which involves an organized co-creation
process of identifying and developing business opportunities for Water4Crops (W4C) (bio)technologies. The
report also provides conclusions on W4C activities of developing W4C technologies into marketable innovations
as well as recommendations for future (EU funded) research projects aiming at coupling research to innovation.
The exploration and development of business opportunities for W4Cs technologies are based on two principles.
1. Facilitating a co-creation process in which the developers of W4C technologies are interacting with potential
users, clients, investors, input suppliers and other KENGI actors. The interaction will help to match offer and
demand as well as to identify and address policy, financial and institutional barriers and drivers. By bringing
so–called key KENGI (Knowledge institutions, Enterprises, NGO’s and Governmental institutions) actors
together in an Innovation Platform, new market opportunities for W4C biotechnologies and new productmarket combination were to be considered from the beginning.
2. Co‐creation of new product combinations by integrating multiple W4Cs technologies to enhance innovative
solutions for a more efficient use of water: Starting from a shared problem or challenge and then, in
collaboration with KENGI actors, develop solutions in which multiple W4C technologies, products and
expertise are integrated is the ideal way to increase the probability of a successful innovation in view of the
aim of supporting green growth

The approach finally applied in the W4C project combined both principles. In W4C the innovation platforms are
referred to as INNOVA platforms, the activities to establish or reinforce already existing innovation platforms
as INNOVA process. The second principle has been slightly adjusted, as will be discussed.
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2. Innovation platforms for developing bio‐technologies into
marketable innovations
2.1

Innovation platforms as vehicle for developing innovations

Whereas traditional research focuses on generating new knowledge, innovations are concerned with the
practical use of new knowledge. As Barnett (2004) states innovation is about “the use of new ideas, new
technologies or new ways of doing things in a place or by people where they have not been used before”.
This practical use of knowledge adds an economic component to knowledge creation; addressing issues
like willingness or capacity to allocate money, time or resources to change existing practices and to use
new knowledge. The relationship between research and economics is not linear but complex and requires
interaction between researchers and economic actors (e.g. marketing, traders, investors) for ensuring that
research generates knowledge that can be put into practical i.e. commercial use (Devaux et al., 2009). In
business innovation development is seen as a process of translating an idea or invention into a good or
service that creates value and/or for which customers will pay.
Innovation platforms1 are increasingly applied in innovation development as a way to move from topdown and linear approaches towards a more bottom up and systematic style of working. It is a group of
individuals with different backgrounds and interests (e.g. farmers, traders, food processors, researchers,
input suppliers, banks) who interact to discuss (shared) problems and challenges, identify opportunities
and act upon it to achieve their goals. It is a physical or virtual network of stakeholders which has been
established around a commodity or any other system of mutual interest to foster collaboration for
generating innovation on the commodity or system (Adekunle and Fatunbi, 2012). Above all, an
innovation platform is space for interacting, learning and change.
Current thinking about innovation and innovation development recognizes that innovations occurs
through the collective interplay among many actors and is influenced by factors such as infrastructure,
markets, policies, rules and regulations, and actors’ values and norms. Thus, innovations are not just
about technologies but also include social and institutional change (e.g., Hekkert et al., 2007; Kilelu et
al., 2013)

Innovation developments has a systemic and co-evolutionary nature entailing mutual

interaction and adaptation over time between technological, social and institutional components of an
innovation. Innovation platforms can play an important role in the development of required hardware

1

Similar terms include: innovation systems, technological innovation systems, multi stakeholder platforms, learning systems
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(technical devices), software (people’s mindset) and orgware (institutions) as well as in their alignment
(Kilelu et al., 2013)
Innovation platforms are used as organizing mechanism for developing innovations in a broad range of
sectors and domains (e.g. agri-business development, value chain development, technological innovation
development).

Each of these fields has developed its own perspective for understanding factors

influencing the performance of innovation platforms. Four sets of factors seem to play a decisive role:
external environment; diversity of actors involved, their values and attitudes; institutional arrangements;
and, patterns of interaction. Because of its clear link to market uptake, in Water4Crops the technological
innovation system perspective (Hekkert et al., 2007) has been used to understand and support the
researchers to explore business opportunities for the bio-technologies they are working on.
Innovation platforms do not emerge autonomously; scholars emphasize the need for innovation
intermediaries who engage in brokering relations and facilitate highly dynamic processes with various
interactional tensions and unexpected effects. Their function include: supporting the initiation of the
platform, demand articulation, forging agreement, mediation, facilitating institutional change (e.g. policy
change), stimulating new actor relationships, knowledge brokering, process management and capacity
building (e.g., Kilelu et al., 2013). Alterra, together with WP5partners, has taken up the role of
intermediary to the extent resources allowed for it.

2.2

Technological Innovation System

Hekkert et al, 2007 define a Technological Innovation System as “a dynamic network of agents interacting
in a specific economic/industrial area under a particular institutional infrastructure and involved in the
generation, diffusion, and utilization of technology. As such a Technological Innovation System is similar
to the concept of an innovation platform. ” The authors argue that the flow of technology and information
among people, enterprises and institutions is key to an innovative process and therefore stress the
interaction between actors who are needed in order to turn an idea into a successful marketable process,
product or service.
To understand the performance of technological innovation system the structure of the innovations system
as well as the way it functions is analysed (Hekkert et al, 2007). The structure of the innovation system
consists of four different components: actors (e.g., Knowledge institutes, industry, education, market,
government and supportive organisation), institutions (i.e. the rules of the game in a society), networks
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and technological factors. Seven system functions are distinguished which need to be fulfilled for
successful innovation development (see also table 1).
Table 1: Seven system functions to be fulfilled for successful innovation development (Hekkert et al.,
2011).
Functions
F1 ‐ Entrepreneurial Experimentation
‐ Actors present in industry (from structural analysis)

F2 ‐ Knowledge Development
‐ Amount of patents and publications (from structural
analysis)

Diagnostic questions (examples)
‐
Are these the most relevant actors?
‐
are there sufficient industrial actors in the innovation
system?
‐
do the industrial actors innovate sufficiently?
‐
do new actors frequently come in?
‐
Is the amount of knowledge development sufficient for
the development of the innovation system?
‐
Is the quality of knowledge development sufficient for
the development of the innovation system?
‐
Does the quality and/or quantity of knowledge
development form a barrier for the TIS to move to the
next phase

F3 ‐ Knowledge exchange

‐

‐ Type and amount of networks

‐
‐
‐

F4 ‐ Guidance of the Search

‐

‐ Regulations, Visions, Expectations of Government and key
actors

‐
‐

‐
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F5 ‐ Market Formation

‐

‐ Activities that contribute to the creation of a demand for
the emerging technology, for example by financially
supporting the use of the emerging technology, by taxing
the use of competing technologies

‐

F6 ‐ Resource Mobilization
‐ Physical resources (infrastructure, material etc.)
‐ Human resources (skilled labour)
‐ Financial resources (investments, venture capital,
subsidies etc.)

‐

F7 ‐ Counteract resistance to change/legitimacy creation

‐

‐ Counteracting resistance from actors with interests in the
present system

‐

‐
‐

Is there enough knowledge exchange between science
and industry?
Is there enough knowledge exchange between users
and industry?
Is there sufficient knowledge exchange across
geographical borders?
Is knowledge exchange forming a barrier for the IS to
move to the next phase?
Is there a clear vision on how the industry and market
should develop?
What are the expectations regarding the technological
field?
Are there clear policy goals regarding this
technological field? ‐ Are these goals regarded as
reliable?
Are the visions and expectations of actors involved
sufficiently aligned to reduce uncertainties?
Is the current and expected future market size
sufficient?
Does market size form a barrier for the development
of the innovation system?

Are there sufficient human resources? If not, does that
form a barrier?
Are there sufficient financial resources? If not, does
that form a barrier?
Are there expected physical resource constraints that
may hamper technology diffusion?
Is there a lot of resistance towards the new
technology, the set‐up of projects/permit procedure?
Is there a rise and growth of interest groups?
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The analytical framework of Hekkert et al., 2007 has highly informed the WP5 project activities,
especially the set-up of the two online surveys as well as the INNOVA platform meeting. In the second
online questionnaire the notion of technology readiness levels (see figure 1) was brought in as it appeared
to be a crucial factor for attracting and interacting with market parties.

Figure 1: Technology readiness levels (Horizon 2020)

The Technological Innovation System perspective offered W4Cs researchers a useful perspective to
identify actors they needed to interact with to develop business opportunities (clients, investors, marketing
stakeholders) and as such helped them to establish or strengthen an (already existing) innovation platform
for the bio-technology under development. The Technological Innovation System perspective assisted the
researchers in finding out what institutions are hindering and constraining the market uptake of the W4Cs
technologies. The approach also helped to address constraining or supporting factors in key processes
including entrepreneurial activities, learning, knowledge diffusion and exchange through networks,
market formation, and resource mobilization and building advocacy coalitions.
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3. Methodology: Innovation platform process and activities
Water 4Crops activities to support the researchers in the development of the bio-technologies into
marketable innovations through innovation platforms included:


First online survey



First INNOVA platform meeting



Second INNOVA platform meeting + shortlisting



Third INNOVA platform meeting



Second online survey

First online survey
In the beginning of the project, a questionnaire was sent to all Water4Crops principal investigators. The
questionnaire was designed on the basis of the Technological Innovation System framework of Hekkert
et al., 2007 (see chapter 2). The objective of the questionnaire was twofold:
1) To help researchers to discover technological factors, actors, institutions and functions hindering or
supporting the development of the bio-technologies into marketable innovations
2) To prepare the 1st INNOVA meeting, e.g. by establishing the baseline readiness level of technologies
in W4C, to select participants and relevant topics.

First Water 4Crops INNOVA platform meeting
This first Water 4Crops INNOVA platform meeting took place on 5 December 2013 in Bari, Italy. The
meeting brought together 35 experts (i.e. researchers, potential users of the new technologies and
marketing experts) in the field of wastewater treatment and water use efficiency from Italy, France,
Germany, The Netherlands, United Kingdom, Greece and Belgium. Amongst the participants, experts
from the Autorità Idrica Pugliese (It), Acquedotto Pugliese (It), Sabmiller (India) and the Gesellschaft für
Internationale Zusammenarbeit (GIZ, DE) represented different user groups. Marketing and business
development also attended the meeting. These experts were challenged to explore business opportunities
for (most of the) the technologies under development in the W4Cs project (see table @). Researchers
pitched the technologies, which was followed by discussions on the relevance of the technologies for
users, (cost) effectiveness and other issues related to applicability and market uptake.
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The invited potential users and marketing & business development specialists were asked to qualitatively
assess the business potentials of the technologies using criteria including: Maturity (technical feasibility)
and attractiveness (relevance for users and investors, societal costs and benefits) and financial viability.

Table 2: W4Cs technologies discussed and assessed at the first INNOVA platform meeting
Technology cluster

Specific technology

Qualitative assessment

Valorization,
treatment and
reuse of
wastewater

Valorization of biorefinery
wastewater: Recovery of volatile fatty
acids through adiabatic extraction
(Bionactis)



Valorization of biorefinery
wastewater: Production of volatile
fatty acids through electrodialysis
(VITO)



New multistep design in olive mill
wastewater treatment to obtain
natural antioxidants: Production of
biodegradable polymers from
wastewater treatment (Sapienza
University of Rome /UNIRM/ UNIBO/)




New multistep design in olive mill
wastewater treatment to obtain
natural antioxidants: polyphenols
through an Solid Phase Extraction
(SPE) procedure (UNIBO)
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The thermodynamic and physical characteristics of
the gases allow efficient, clean and fast processes,
without any residues
Application possibilities still unclear and especially
large scale application is questionable
The separation technology is only tested in the Lab.
Insight needs to be developed in the possibilities for
large scale application
The financial viability is still unknown / the final
cost/benefit ratio will strongly depend on the value of
the product
Technology is relatively complicated
Technical‐economic analysis has not been performed
because process still needs optimisation
Economic viability very much depends on regulations
concerning the use of agricultural wastewater for
agriculture
Economic valorisation of olive mill wastewater
through the recovery of high added‐value compounds
(polyphenols)
improvement of olive mill wastewater
biodegradability, thanks to polyphenol removal
low environmental impact, thanks to the recycling of
both the adsorbing resin and the desorption solvent.
The plant and operational cost of the technology is
expected to be low, thanks to the low pressure drops
and to the recycling of both the adsorbing resin and
the desorption solvent.
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Anaerobic digestion (UNIBO)

Biotreatment coupled to surface
filtration for agricultural effluent
reuse
Technology 1: Municipal wastewater
biotreatment coupled to surface
filtration for agricultural effluent
reuse (IFAS MBR)
Technology 2: Municipal wastewater
biotreatment coupled to surface
filtration for agricultural effluent
reuse (FDG)

An innovative system for wastewater
treatment and reuse in agriculture:
SBBGR system (IRSA)

Optimized
constructed
wetlands

Optimization of engineered
constructed wetlands: Clogging delay
(Substrate)

Optimized constructed wetlands:
improved substrate for slow sand
filtration (VITA 34/ UFZ)
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Anaerobic digestion represents a very consolidated
industrial process, which contributes to the fraction
of renewable energy produced in the EU.

The number of digesters is rapidly increasing, due to
dedicated incentives, which are provided in many EU
countries

Since the biomethanization of organic residues from
biorefinery of olive mill wastewater is a feasible
process, the financial viability of a new plant fed with
such an organic matter will be guaranteed.
Technology 1:

Good potentials to reduce overexploitation of natural
water bodies and decrease competition for water
amongst different sectors in areas where natural
water bodies are insufficient to cover the demand

Investment cost can be expected to be higher
compared to conventional activated sludge, but this
should be considered in relation to lower sludge
productions and higher effluent quality

MBR with suspended solid biofilm +UF is not yet
available in the market

Technology 2:

Good potentials to reduce overexploitation of natural
water bodies and decrease competition for water
amongst different sectors in areas where natural
water bodies are insufficient to cover the demand

Although a detailed evaluation of financial viability
needs to be performed. This can be considered a low‐
cost technology for tertiary treatment, considering
the limited operating cost of gravity disk filtration.

The gravity disk filtration technology is already
available in the market

The system can both reduce chemical oxygen
demand (COD) and biological oxygen demand (BOD)
without paying for chemicals to reduce COD

Technically the system still needs to be improved

No clear ideas on financial viability yet, however
reduced sludge transport and disposal is a major cost
saving. Reduced land requirements might be another

Delaying clogging will improve the treatment
performance, increase the lifespan of CW systems
and optimize their design (less area required)

It is very difficult to measure hydraulic conductivity in
different depths and positions

Technology is useful for tertiary treatment

DSS is interesting for operators of CW and has good
marketing potentials for designing constructed
wetlands

Technology is interesting from an engineering
perspective

Financial viability is questionable due to very high
investment costs (830 to 1.250€/m3 /d). Costs seem
to be high comparing to other disinfecting
technologies (e.g. costs for UV treatment 200 to
400€/m3/ d)

Costs will be reduced if an alternative/artificial
material will be used instead of black peat
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Optimization of engineered
constructed wetlands: bamboo
systems (Phytorem)





Optimized constructed wetlands:
improved hygienization of constructed
wetlands (UTZ)

Improved water
use efficiency






Optimized constructed wetlands ‐ TiO2
– based disinfection system (TUC)




Improved pressure compensation
emitter adapted to waste water
distribution (Irstea‐Cemagref)



Improved drip irrigation management:
new emitter which can resist clogging
by physical contaminations.

New monitoring combinations for
precision irrigation: non‐point based
measurements
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Suitable for wastewater plants from agro‐industry
/food industry
Side effect: via biomass production to energy
production
Investment costs rather high: 300m2 200.000 to
300.000 euros
Marketing potentials for India
Constructed wetlands reduce negative environmental
impact on existing water systems
Relatively low costs
Good marketing potentials for semi‐arid/remote
areas where water scarcity prevails and where
municipal wastewater has to be treated and re‐used
in order to meet the need of water e.g. for irrigation.
Ti02‐containing paint is already patented
Pilot plant is already operating, but no results yet on
economic viability
Constructed wetlands reduce negative environmental
impact on existing water systems
Can be used on large plots to spread treated
wastewater and further to spread just decanted
wastewater on extensive plant based treatment
systems to optimise treatment performance
Financial viability not yet estimated
Could combine best of both: high water use efficient
application and use of low‐quality water like
wastewater.
Still in a very experimental phase
If technically feasible, financial viability should not be
a major issue as costs of producing the new emitter
should not be higher than for the standard ones while
benefit for farmers is clear.
Relatively high‐tech monitoring
Financial benefit might outweigh the cost. The exact
financial benefit depends on the water cost and the
net profit of local produce.
Benefits of water saving often at the catchment scale,
downstream. Requires strong institutions to manage
the overall benefit such that there is an incentive for
the individual
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The second INNOVA platform meeting
The second INNOVA platform meeting focused mainly on the ‘societal and financial costs and benefits’
of W4Cs technologies (Figure 2). Two technology clusters were taken into consideration: ‘Valorization,
treatment and reuse of wastewaters’ and ‘optimized constructed wetlands’. The technologies of the cluster
‘Improved water use efficiency’ were not assessed as researchers felt that their technology was in such a
premature stage of development that a cost/benefit analysis could not yet be carried out. The second
INNOVA platform meeting had a more internal character than the first meeting. Only two market actors
were involved in the discussion about the costs/benefits of the technologies.

Figure 2: The cost/benefit analysis included societal and private costs and benefits
In the meeting, the W4Cs technology developers were assisted by experts in the field of business
development. Through a stepwise approach, the societal and financial costs and benefits were examined.
At the end of the meeting the market uptake opportunities for each of the technologies was assessed
(Figure 2).
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Third INNOVA platform meeting
The third INNOVA meeting was dedicated to the concept of a cascaded bio-refinery. This concept
emerged during the second INNOVA meeting and involved a combination of multiple W4C technologies
to valorise olive mill wastewater including (i) Anaerobic Digestion, (ii) ISPR - in situ recovery of Volatile
fatty acids through electro-dialysis and (iii) Olive Mill Wastewater polyphenols through an SPE
procedure. The idea behind the concept was that the individual biotechnologies are not only attractive
individually, but might be even more attractive when integrated within the concept of a cascaded biorefinery. The meeting mainly involved the researchers working on one of the four mentioned technologies
as well as some other resource persons. The discussions focused on the readiness of the cascaded
biorefinery model and opportunities for attracting private sector parties (16 October 2015, Montpellier)

Second online survey
At the end of the project, a second questionnaire was sent to all Water4Crops principal investigators. The
questionnaire was similar to the first one. A few small changes were made, however, based on lessons
learnt. The main objective of the questionnaire was to develop insight into:


The state of the art of developing Water4Crops technologies into marketable innovations



Preconditions, barriers and driving forces for developing Water4Crops technologies into marketable
innovations
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4. Results
4.1

Overall activities, improvement in TRL and barriers for innovation

The two surveys resulted in information about:
‐

Experience with marketing and implementation of new technologies

‐

Development stage of the technology under development

‐

Potential users –clients for the technology under development

‐

KENGI actors already involved in the technology development process

‐

Barriers and opportunities for business development in Europe and India

As such the results of the surveys gave some first insights in the potentials for developing W4Cs
technologies into marketable innovations. In total 51 questionnaires were filled in by the principal
investigators (PIs), 32 in the first and 19 in the second. The PI’s perception of opportunities for business
development in Europe and India highly informed the decision about the technologies for which the
business potential would be explored in the first INNOVA platform meeting. Most PIs saw market
possibilities for their technologies in both the EU and India (figure 3).

Figure 3: expected markets for the technology under development
The surveys also gave insight in the effort that was put in the main system functions that need to be
fulfilled for successful innovation development. As could be expected from a research project, knowledge
development activities scored highest both at the beginning of the project (recording also partly preproject activities) and at the end of the project. Interestingly, knowledge exchange activities declined over
the course of the project. A possible explanation could be that at the start of the project, many researchers
had been involved in knowledge exchange activities, like building new partnerships and visiting
conferences, which – amongst others – ultimately resulted in the W4C project itself. Once the project
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commenced attention shifted away from these activities and remained more with prototype development
and piloting, part of the knowledge development activities, as well as with activities bringing focus to the
research like mapping potential users, market trends and policies.

Figure 4: System functions for successful innovation development as conducted at the start of W4C and
at the end

The main aim of a research oriented project like W4C, with a strong focus on innovation, is to bring ideas,
concepts and new technologies to the market, to a level that they become available to users. Over the
course of the project the Technological Readiness Level has improved greatly as figure 5 shows. Where
the majority of technologies had a TLR between 2 and 4 at the start of the project – so in the concept and
experiment phase - by the end of the project this has shifted, with TLR 3 – experimental proof of concept
– being the minimum and six technologies being available for users.
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Figure 5: Technology readiness at start and end of the project

Readiness for users does not, however, automatically mean a commercialisation or uptake by users as the
boxes on the next pages further illustrate. To reach higher TLRs and finally to commercialize a
technology, several barriers have to be overcome (figure 6). Two barriers clearly stand out; ‘mobilization
financial resources’, i.e. lack of investments or lack of pricing mechanisms that hamper the uptake of the
technologies and ‘Constraining regulations’, when the present standards and regulations are set for
existing technologies which does not always favour the development and uptake of innovative
technologies even if a new technology has proven its efficiency. Several identified lack of piloting
opportunities to test existing technologies. Some respondents stressed acceptance in general as being a
barrier. Others stressed the importance of building public –private partnership to address the lack of
funds and/or to better involve private industries. In response to these identified barriers, the INNOVA
meetings paid specific attention to assessing the costs and benefits of technologies, even when these were
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still in a conceptual phase of development, in order to be able to better identify how potential financial
resources could be mobilized in a later stage. Constraints posed by regulations were discussed as well in
detail and several W4C researchers were and are regularly involved in discussions and working groups
around this issue at EU and India level, trying to influence policies and regulation so that they stimulate
innovation, rather than constrain it. Interestingly, the conditions in Europe and India seem to be slightly
opposite, but with the same negative effect: in Europe regulations for reuse of wastewater are often so
strict that they technology uptake, while in India, lack of regulations or enforcement of existing regulation
means the incentive to invest in treatment is less. Improving legislation and regulations was identified as
a necessary but slow and lengthy process.

Figure 6 main identified barriers for innovation (19 respondents, multiple answers possible)
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In situ product recovery (ISPR) – finding added value
One of VITO’s strategic research topic is the intensification of bioprocess to improve yields and productivities and reduce
resource requirements through more efficient bioconversions. This can often be achieved through the combination of
separation technology with the bioprocess. More specifically, membrane processes can be integrated in situ with the
bioprocess to improve the overall performance and recover valuable end products. This topic of in situ product recovery
(ISPR) is studied for different applications in different configurations. In Water4crops, the targeted bioprocess was the
conversion of organic waste streams into volatile (VFA) or medium chain fatty acids (MCFA). Initially, electrodialysis was
selected as membrane technology to be tested for recovery of VFA and/or MCFA. For a number or reasons, membrane‐
based reactive extraction (MBRE) was finally developed and tested instead. The evaluation below, thus addresses the
combination of VFA and MCFA production and their recovery through MBRE.
What steps have you taken to interact with possible clients?
Given the early stage of the development and work, the main actions were presentation of the results at conferences/trade
fairs and discussion of the concept at the INNOVA sessions. Conferences included both more academic and more
industrially oriented ones. Compared to other ISPR work and applications, a high response was obtained on the use of the
MBRE approach.
From other valorization actions we know that further optimization work and more detailed techno‐economic assessment
is needed before potential clients can be approached. Numbers are needed related to demonstrated benefits (productivity,
selectivity, yield, etc.), OPEX, CAPEX, potential savings, compared to a reference situation.
How much time and money has been invested in this process, approximately?
This is hard to estimate since we market the ISPR concept as a general topic, showing concrete cases to illustrate the
potential and benefits. MBRE for VFA or MCFA recovery is now one of the cases that is included in our standard
presentation for companies. Furthermore, our business unit selects a number of topics for targeted marketing and
valorization actions. Process intensification is one of them. Our business development managers visit a broad range of
companies and present a series of cases to them. Depending on the response, selected cases are discussed in more detail.
The elaboration of the case for the ‘commercial’ presentation occurs in interaction with a dedicated colleague with
marketing background and with a business development manager. At present, the MBRE concept for MCFA recovery does
not yet include proprietary technology, hence no patenting actions have been taken.
Since when have you been working on the marketing?
Marketing of the ISPR concept has started about 2 years ago with a limited number of concrete cases, which have gradually
been expanded with new developments. Regarding the MBRE concept, more work is required to generate the numbers
for a more detailed techno‐economic assessment.
What do you see as reasons for success or ‘failure’ of bringing it to the market?
The introduction of the ISPR concept has shown not to be easy. Its benefits are most pronounced when continuous
operation is applied while many biobased processes (axenic fermentations) occur in batch mode. Hence, companies need
to switch to continuous operation to take full benefit, and this is not straightforward for axenic (‘sterile’) fermentations.
The activities in Water4crops were advantageous in that sense since they do not involve axenic fermentations, but rather
concern mixed culture bioprocesses, which are typically executed in continuous mode. However, the integration of
separation technology increases the complexity of the installation and operation. Furthermore, VFA and MCFA are
products of modest value, which makes the margin for additional investments relatively small.
What alternative options are you now exploring?
‐ further optimizations to better demonstrate the benefits
‐ shift to higher added value products
‐ shift to different waste materials (in Water4crops we used thin stillage from bioethanol plants, which in Europe are
already highly optimized and are in fact zero emission plants. The current benchmark for our process was the
valorization of thin stillage as animal feed)
What is the contribution of a research project like W4C in the whole process?
W4C funded the development of a new concept to TRL 4. In addition the INNOVA meetings provided the opportunity to
have discussions with stakeholders on business plans etc. In the process we learning how to pitch and had the possibility
to present at conferences and trade fairs.
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Designing a new type of drip irrigation emitter – and losing your industrial partner
IRSTEA developed an emitter that has been validated first in terms of fluid mechanics, then hydraulically. The prototype
was presented in Mumbai during the IFAT in October 2014, then during the ICID congress in Montpellier, October 2015.
The second step was the validation in field conditions. Unfortunately, bankruptcy of the industrial partner, Phytorem, with
whom the field testing was supposed to take place, made it complicated to achieve the evaluation in various field and
waste water conditions. To avoid blocking the process, a validation in a site managed by IRSTEA in another project was
finally conducted with waste water containing a high concentration of particles and solutes.
What steps have you taken to interact with possible clients?
The device we have designed during the project has been validated hydraulically but still needs to be evaluated under
various field/waste water conditions. The failure of our industrial partner made it complicated for us to fulfil the
commitment they had. An attempt to manufacture prototypes with 3D printing failed rather late in the process which
induced a huge waste of time. The new prototypes made from molding (stronger) are currently under validation.
Consequently, despite several demands from other projects and the interest of some industrial partners we didn’t make a
lot of publicity before finalizing the testing phase. It is something we do see as important and we do our best to progress
as rapidly as possible.
How much time and money has been invested in this process, approximately?
Patenting has cost about 12k€ so far, plus the time we spent on the process which sums up to about half a month, I’d say.
Marketing is still pending due to the delay but our patenting service is pushing us to go forward faster. All in all it is a long
process; the beginning of the process was a PhD that we initiated and supported from 2010 to 2013. It is a slow process
because we are not organized to conduct these kind of marketing activities and while doing them the research has to go
on as well so we cannot be fully dedicated to it. For us, it was a first‐time experience.
What alternative options are you now exploring (in case of ‘failure’)?
If we fail in marketing our innovation we still have learnt a lot about the fluid/structure interaction and the prototyping.
We already have ideas (and a partnership) to continue with similar ideas applied to different devices.
What would you do different next time?
Dedicate more time to the testing and evaluation process.
What is the contribution of a research project like W4C in the whole process?
A project like W4C provides time to do both research and marketing activities (approximately 50% of the time required,
and 25% of the money was provided for this). It also helps in making useful contacts – this is a significant contribution. The
contribution of the project to the exposure of our products was limited.
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Exploring commercial exploitation of maize plant materials ‐ finding the right partner
A collection of 75 maize lines was developed at DipSA ‐ Unibo in 2011. For our collection, the background lines was B73, a
reference line for genetic and genomics investigation. B73 was also a very important commercial line, used for production
of maize commercial hybrids until about 20 years ago, and it remains of commercial interest as the direct progenitor of
many currently utilized commercial lines. The development of the IL collection was just completed before the W4C project.
The collection was preliminary analyzed using sparse molecular markers (SSR) and for traits related with length of life cycle
(flowering time, number of nodes) and plant height. Preliminary information was available on difference in seminal roots
as analyzed in semi‐hydroponics. In the W4C projects these traits were analyzed and tested in more detail.

What ways of commercial exploitation did you explore?
We considered two very general approaches for the commercial exploitation of the results obtained in W4C.
‐ Selling or sharing plant materials and information to/with breeding companies.
‐ Implementing spin‐off/start‐up companies with the subsidy of University. Although this is a possibility for other
genetic research products, and it is highly promoted by Unibo, the type of plant materials/information generated
within W4C appeared not really suitable for this type of exploitation. This type of plant materials/information is more
suitable to one‐for‐all exploitation, rather than representing the basis of the establishment of a company which
would necessary work in a mid‐ to long term time frame.
What steps have you taken to interact with possible clients?
The first step in the direction to explore private companies’ interest in our results (maize lines and information on QTL
positions) is to have a contact and share preliminary information. A first contact usually takes place at scientific
meetings/congresses (e.g. poster presentations at scientific meetings/congresses). Other contacts originated from
scientific publication and by communication on web sites. However, with the exception of scientific publications, the level
of information transferred in these context is usually not deep.
A publication on the Journal of Plant Registrations (https://dl.sciencesocieties.org/publications/jpr) is being prepared
reporting the detailed description of each IL line. This journal is specifically devoted to publish peer‐reviewed papers
describing new genetic stocks of any type of potential interest to plant breeders.
Alternatively, companies have occasionally been contacted and then met more formally, in closed meetings, in person or
through skype. In this case, a document of Confidential Disclosure Agreement (“CDA”) is signed by both parties, to let
parties share more deep and updated information. Our W4C results were repeatedly reported in several international
meetings. In these occasions, scientists representative of breeding companies showed interest in the IL population
development and in the genetic results, In most cases, they showed interest for results and materials related to flowering
time, shoot development and yield components. Lower interest was shown for root traits. Apparently, based on the
explanations they provided, such lower interest was due to the unclear relationships between root variation and final grain
yield, and by the genetic complexity and the really preliminary information available on the genetic control of the trait
itself.
What alternative options are you now exploring?
For our results within W4C, IP protection could realize in two ways. First, maize lines showing trait expression of potential
value and of interest for commercial exploitation could be protected following the typical plant variety patent, the Plant
Breeder’s Right (PBR) system of protection, specifically designed for new plant varieties.
Second, the typical Patent (industrial) application could be exploited to protect marker information (e.g. markers linked
with QTL for root traits) generated in W4C. In this case, the type of innovation protected by the patent is usually referred
as ‘methods to exploit and/or implement genes/QTLs for native traits’, and includes information and protocol for
implementing marker‐assisted selection.
We preliminary explored the possibility to obtain IP rights protection on the materials and results obtained in W4C with
University offices such as the The Knowledge Transfer Office and the Intellectual property protection office. Both
approaches (PBR and Industrial Patent) were explored. However, the costs linked with IP protection appeared generally
too high to have the University endorsing the protection, at least at this stage. One approach that seemed to be suitable
is to search for an interested company, and try to enter in negotiation for sharing IP rights and, at the same time, sharing
patenting costs. We are still exploring this option.
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Business potential of individual technologies

The first INNOVA meeting resulted into a long list containing a set of technologies with potential for
commercialization of product/market combinations. Some of these technologies are created through a
creative interaction between technology providers and commercial stakeholders. During and before the
second INNOVA meeting the long list was reduced to a short list of options, all of which were in a further
state of maturity and/or of high attractiveness to potential investors, as shown in table 3.
Table 3: Short listed technologies as outcome of the Second INNOVA platform meeting
Technology/
Innovation
Valorization of
biorefinery
wastewater:
Production of
Volatile Fatty Acids
through
electrodialysis
Anaerobic Digestion

Product

Maturity

Attractiveness

Volatile Fatty Acids

High

High/moderate –
providing
commercial
products

CH4, Nutrients

Medium

Olive Mill
Wastewater
polyphenols through
an SPE procedure
Sequencing Batch
Biofilter Granular
Reactor (SBBGR)
technology

Polyphenols

Constructed
wetlands: Optimized
hydraulic and
hydrologic aspects of
constructed wetland
systems
Optimized
constructed
wetlands: improved
hygienization of
constructed wetlands
Optimized
constructed wetlands
‐ TiO2 – based
disinfection system
(TUC)
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Cost benefit
Analysis
+

Next steps

High – providing
commercial
products

+

Commercial
stakeholder
interaction

High

High – providing
commercial
products

Commercial
stakeholder
interaction

Cost reduction in
WWT (sludge
disposal costs,
energy costs saving)

High

Medium – reducing
costs

delay / reduce
clogging to improve
treatment
performance,
lifespan and
optimize design
Improved
hygienization of
tertiary wastewater
treatment by
modifications of
slow sand filtration.
Halophytes‐based
constructed
wetland (CW)
systems for heavy
metal removal

Medium

Medium
Large area needed

++
Targeting high
value market
segment
+
Benefits may be
reduced when
calculating
personnel costs,
monitoring and
operation
?

Medium

Medium ‐high
(semi‐arid areas)

?

Advanced
cost/benefit
analysis

High

Medium‐high
(removal of heavy
metals)

?
Initial cost of
acquiring
specific
halophyte plants
species maybe
slightly higher

Advanced
cost/benefit
analysis

Commercial
stakeholder
interaction

Commercial
stakeholder
interaction

Advanced
cost/benefit
analysis on a
case basis
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Valorization of biorefinery wastewater: Production of Volatile Fatty Acids through
electrodialysis
Production of Volatile Fatty Acids or derived products from highly loaded organic waste streams can be
separated into two steps: VFA production and VFA separation. There is some expected business potential
in both Europe and India. VFA production is potentially important for small-medium enterprises. VFA
separation is potentially important for large companies. The extra investment in the separation technology
has to be weighed against the increases in productivity achieved. Final cost-benefit ratio is strongly related
to the value of the product, which is currently for VFA (petrochemical): 500 – 1 000 EUR/ton.
New multi‐step design in olive mill waste water treatment to obtain natural antioxidants:
anaerobic digestion
Anaerobic digestion represents a very consolidated industrial process, which contributes to the EUs aim
of increasing its share of renewable energy production. Through anaerobic digestion organic matter is
bioconverted into a biogas with a high percentage of methane (50-70%). If purified, biomethane can be
used as a biofuel for transportations. Furthermore, costs associated to plant installation, start up and
management are very low which has led to a large increasing of the number of biogas plants all over
Europe with about one tenth located in Italy. Importantly, in Italy, a recent new regulation mainly boosts
bioenergy from biogas plants fed with by-products and bio-waste, among which, olive mill wastewaters.
Therefore, the market potential of the technology is considered to be high.
New multi‐step design in olive mill wastewater treatment to obtain natural antioxidants:
Olive Mill Wastewater polyphenols through a SPE procedure
The technology valorises olive mill wastewater through polyphenol separation via adsorption. The
business potential is considered high for both Europe and India. Products such as polyphenols have
enormous potential as antioxidant, but focus need to be on the development of organic production labels
representing the highest quality, highlighting the unique and natural origin of the product.
Sequencing Batch Biofilter Granular Reactor (SBBGR) for wastewater treatment and use
A Sequencing Batch Biofilter Granular Reactor (SBBGR) is a discontinuous batch process based on
aerobic granular biomass. The technology has good business potentials in Europe regarding new plants
but low to medium for upgrading of existing plants. For new plants no extra costs are involved except for
the costs of construction. The system leads to a reduction in the sludge production (up to 80%), which is
a major cost component for European waste water treatment plants and it produces an effluent with a
physical and chemical quality that conforms to the standards required in Italy for agricultural reuse. The
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business potential for India is estimated to be lower due to the low regulation and the requirement of
highly-qualified personnel, which is a particular cost item. Societal benefits include saving of energy,
reduction in area requirements and lower costs per m3 treated compared with standard technologies.
Constructed wetlands: Optimized hydraulic and hydrologic aspects of constructed wetland
systems
Subsurface flow constructed wetlands consist of an emergent macrophyte community planted in a porous
medium (usually gravel or sand) through which wastewater is passed for purification. Market potential
for urbanized areas is limited due to the large area required. In rural areas where land is not scarce, market
potential is higher. Societal benefits of constructed wetlands include effective pollutant removal, no
sludge production, creation of new natural habitats for flora and fauna. Technically, constructed wetlands
are simple in construction and operation and, consequently, low O&M costs involved. Construction costs
are comparable with conventional WWTPs. Problems that limit market opportunities include the uncertain
lifespan due to clogging and limited pathogen removal (hygienization needed for WW reuse).
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4.3

Business potential – development of two integrated options

4.3.1

Cascaded Bio‐Refinery

Another output of the first and second INNOVA meetings was the conclusion that costs could be reduced
and benefits might be increased if several technologies around value extraction from olive oil waste water
could be combined. From the selection process (i) ISPR – In situ recovery of Volatile fatty acids through
electro-dialysis, (ii) Olive Mill Wastewater polyphenols through an SPE procedure, and (iii) Anaerobic
Digestion, appeared to be attractive options to further explore in the INNOVA process. When integrated
they become a cascaded bio-refinery, which was dubbed ‘CascBR’.
Technology/
Innovation
Cascaded bio‐
refinery (CascBR)

Product

Maturity

Attractiveness

Energy, VFA,
Polyphenols, Bio‐
plastics, water

Low
Joint
demonstration
necessary

High – providing
commercial
products

Cost benefit
Analysis
+++
High integration,
shared costs, for
infrastructure
for O&M

Next steps
Further
elaboration of
concept,
commercial
stakeholder
interaction

In the CascBR valorisation concept, a stepwise approach is proposed (Figure 7). First, it is essential to
have knowledge on the chemical composition for harnessing the maximum value from wastewater.
Valuable extractable chemicals (such as polyphenols) could then be isolated from wastewater, while most
wastewater could be further processed to a vast array of chemicals via biotechnological approaches, either
directly or after pre-treatment and/or hydrolysis. The residual organic matter could be converted to feed
or energy through anaerobic digestion, resulting in a fertilizing anaerobic sludge together with effluents
suitable for most irrigation applications.

Figure 7: Principle set up for Cascaded Bio refinery to maximize the production of high value products
out of Olive Mill Wastewater
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Direct technological advantages of CascBR, as identified in the INNOVA meetings, were considered to
be maximization of value from one feedstock (biofuels or bulk chemicals alone may not bring a good
business case, so better to combine one or several low-volume, but high-value, chemicals or nutraceuticals
and a low-value, but high-volume liquid transportation fuel), gradual but optimal use of feedstock and
less waste streams. Next to these advantages there are also clear economic advantages, mainly in relation
to reducing the costs in the field of investment costs (property, supply lines for Olive Mill Wastewater,
security, machine parks etc.), personnel costs (technical high level personnel is required to operate the
individual components), multi-product resilience against market price volatility, optimization for the codesign and shared costs for marketing and business administration.
While the potential of the CascBR was quickly identified, advancement beyond the conceptual stage did
not happen automatically. Most individual W4C technologies were or still are in an early stage of
development and, while promising, not proven in practice and without a fully developed picture of actual
costs and benefits. Cascading them at this stage meant cascading uncertainties. To make matters slightly
more complicated, eventual cost reduction or improved benefits benefit from a CascBR would not be
equal among partners, with some high-value products extractions possibly benefitting more. There seems
to be no blueprint approach to level such differences. In addition, none of the individual research partners
in W4C had the capacity or time for developing a full CascBR, which left the question open of who should
take the lead in such a development. With most individual partners being sector exports, highly skilled
and motivated to develop their individual technologies, but not necessarily equipped or driven to develop
an integrative approach, a third party could push further develop an integrated design - but then there
needs to be a good understanding and proper contract to reward a third party for such an effort. In the case
of CascBR and W4C, Alterra and WP5 partners were only partially able to fulfil this role, having limited
experience and track record regarding several components, nor – at the moment - the institutional set-up
to support such an endeavour.
Despite, or maybe because of these difficulties, the CascBR process in W4C provided valuable lessons
on how to bring an integrative design a step further towards the market. Piloting and implementation,
however, required more time and resources than available within the W4C project – in the end this was
just one of many technologies being explored, not defined in the project proposal and mainly developed
by the enthusiasm of individual researchers. One of the main activities was therefore to find additional
funding to make a first prototype of the CascBR using an existing olive oil waste water stream. For this,
contacts have been made with several regional stakeholders in southern Italy, and a pilot project proposal
has been discussed. Follow-up is pending.

25

Water4Crops
4.3.2

EU‐FP7 Project n° 311933

LOTUSHR

Also in India, opportunities were explored under WP5to further test and integrate several of W4Cs
innovations under field conditions (TLR 5 and further). One such opportunity emerged in the second half
of the project, as part of a new Indian - Dutch partnership supported by the Dutch embassy and the
Department of Biotechnology of the Indian Government (DBT), who were interested in funding an
experimental testing site in New Delhi. W4C partners were actively involved in this process and a
proposal called ‘LOcal Treatment of Urban Sewage Streams for Healthy Reuse’ (LOTUSHR) was prepared.
Currently progressing through the review process, it is very likely to become the first concrete off-shoot
of W4C in India, with W4C partners involved being Alterra – Wageningen UR, The Energy and Resources
Institute (TERI) and National Environmental Research Institute (NEERI). Other research institutes
include the Indian Institute of Technology Delhi (IITD, Indian lead organisation), Central University of
Punjab (CUP), Delhi University (DU), Magadh University, Technical University Delft (TU Delft, Dutch
lead organization), UNESCO-IHE, NIOO-KNAW and Vrije Universiteit (VU).
LOTUSHR will demonstrate a novel, holistic (waste-)water management approach for the recovery of
water, energy and nutrients from urban wastewater. An experimental testing site along the Barapullah
drain, which is located in Sarai Kale Kahn - the central part of New Delhi, will be created for this purpose
(See pictures below of the Barapullah drain ending up in the Yamuna river - source: CityBlob).

The drain receives urban sewage and discharges it into the highly polluted Yamuna River. This location
was identified by Department of Biotechnology as an ideal demonstration site for interdisciplinary novel
technological water solutions focused on water reuse. The drain is characterized by complex sewage with
emerging compounds and heavy metals that is representative for many other cities. The water is anaerobic
and has a significant presence of faecal coliforms, a pH 6-8 and a temperature of 26-32 oC. Fluctuations
in storm water over the year show significant influences on the characteristics of the water in the drain.
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The required treatment and reclamation steps will be determined by the water quality needed for safe and
healthy reuse in households, industry and urban agriculture. Innovative, but proven and robust
technologies will be incorporated in a modular pilot treatment plant along the Barapullah drain. The
programme aims at Water Reuse Safety Plans and their socioeconomic and legal impact in combination
with quantitative risk assessments of the produced water qualities. Furthermore, it will focus on pre- and
post-treatment of wastewater from the Barapullah drain to make it available for safe reuse. Special
attention will be paid to pathogen removal and conventional and emerging pollutants removal, with
several technologies piloted in the W4C project.
The final goal of the programme is to demonstrate with the different technologies studied at pilot scale,
that producing water, nutrients and energy is possible from the Barapullah drain wastewater. In this way,
it will turn the drain into a profitable “mine” that produces clean water for households, irrigation and
industry, as well as energy by anaerobic treatment of the organic fraction of the drain, and nutrients for
(urban) agriculture. Meanwhile it will lead to a reduction of the “expensive” drinking water use and is a
show case on how to reduce the poisoning of the Yamuna river, by uncoupling this, and in the future,
other heavy polluted drains. Ultimately this will lead to the development of reliable technologies, tools,
models and approaches for local stake-holders enabling market development for water reuse strategies
and solutions for other Indian Mega Cities. W4C has contributed to bringing this goal one step closer.
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5. Lessons learned
In a project like W4C, a unique EU-Indian partnership but also a ‘standard’ European research project,
with pre-identified partners and pre-selected potential technologies, it appeared that a fully open cocreation process is difficult to realize. Focusing on one single shared problem would lead to the exclusion
of other (marketable) technologies from participating in the INNOVA process. Therefore, a slightly
adjusted approach was put into use, focusing in first instance on exploring the market potential for
individual W4Cs technologies. Next, for the most promising technologies, additional market parties were
brought in.
This meant that the process of innovation still remained partly supply driven: technologies were preselected, linked to project partners with fixed budgets, with their expected development fixed in
milestones and deliverables. Inclusion of SMEs in the project from the start did certainly help to diversify
the scope of W4C and brought in useful experience in marketing technologies, but cooperation on
innovation between SMEs and research institutes/universities -beyond the exchange of knowledge and
information – still remained largely confined to those partners that had cooperated earlier. While the
experience with developing the CascBR concept showed that bringing different partners together can
create interesting synergies, it also made clear that a lot of extra time (and, thus, money) is needed before
such synergies and partnerships actually materialize. A single project, with all its other requirements and
activities, is simply too short to support such a process to full maturity. Follow-up opportunities, e.g. to
link it to regional development initiatives, were actively explored and will hopefully lead to a continuation
of the CascBR.
While the diversity of participants in the W4C project brought together researchers and industry partners
that might otherwise not have interacted, creating diversity in knowledge and opinions, this diversity also
provided a challenge when it came to interacting with various stakeholders from outside the project in the
INNOVA platforms; no one stakeholder knows enough about each technology, or the field of application
of each technology. Hence, presenting and discussing the usefulness of such a variety of technologies in
an effective way, but with sufficient detail, asks for a careful balance, with researchers being prepared,
stimulated and supported to present their results in a clear and understandable way and with the right type
of stakeholders selected, e.g. those with a broad interest and a willingness to accept the inevitable
remaining uncertainty in technical or financial feasibility of the technology under development.
The INNOVA platform approach was conducted in both the EU and India and appeared useful in both
contexts. EU PIs participated in the Indian INNOVA meeting and vice versa. Inclusion of both technology
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and dissemination oriented partners like GIZ, S.T.E.P. and EIRC in WP5, active in both the EU and Indian
INNOVA platform meetings, strongly helped to create a common methodology and to involve a variety
of stakeholders. Moreover, through their own channels of communication and existing contacts these
partners were able to further disseminate the W4C potential, beyond the scope of the official INNOVA
meetings. This applied to the whole of the project; while the INNOVA platform meetings and WP5 in
general helped to give some structure to the co-creation process, facilitated researchers to open-up to the
‘outside world’, and helped to record some of that progress on innovation, many individual partners were
of course conducting various functions of innovation already by themselves, often without actively
recognizing it. While the surveys tried to capture some of that autonomous co-creation, the recorded
progress in this synthesis report only describes a small part of the overall co-creation that has been taken
place during W4C.
Whether W4C was successful in supporting the development of technologies into marketable solutions
can therefore probably best be assessed by directly asking the partners within the project; figure 9.

Figure 9: Contribution of W4C to develop technologies into marketable solutions.

Obviously there is more to be done. Answering to what would be basic requirements of EU or DBT funded
research projects on biotechnologies to further support their development into marketable innovations for
Europe and/or India, W4C partners roughly suggested three main activities:
•

Large scale pilots. Larger pilot projects which are devoted to pilot demo-scale validation of the
technology should be promoted. Such large scale promotion of technology could be done through
financial assistance from DBT and other funding agencies. If the EU-DBT research funding is
extended to support the innovators to replicate in different contexts this will attract not only the
market but also new funding support, as well as stakeholders to commercialize the innovations.
In addition, there could be more support to validate the research in other countries, under different
biophysical and socio-economic conditions (in the W4C case, different quality of waste water for
microbial investigations). Exchange of researchers and know-how between Indian and European

29

Water4Crops

EU‐FP7 Project n° 311933

partners is something to continue doing.
•

Network and Partnerships. Industry, private companies and end-users should participate as much
as possible in a project. Marketing should be developed through capillary activities towards
Indian and European stakeholders (water utilities, local and central government bodies,
companies, etc.).There could be an opportunity for industrial partners to undertake the innovation
and disseminate it along with their own technology. Networking, site visits, education package
should be part of such a process. In working with various industry partners, generated IP
ownership should, however, be well secured.

•

Technology readiness. A basic requirement for successful pilots and innovation would be to build
upon a technology/technologies for which proof of concept is already established, with
technology readiness levels that are adequate for immediate application. These technologies can
then be applied, improved and developed for actual use. In the field of water treatment, especially
in India, the development of low cost, robust, easy-to-operate technologies appears more relevant
than aiming at high end technologies.

Finally, when it comes to the set-up and structure of research projects, and how this could support
innovation, some more general lessons can be drawn from the W4C experience:


To further improve the preconditions for full co-creation process and to support a more demand
driven, the EU Horizon2020 or other research programmes could consider allowing proposals
with partly freely-allocable budgets so that a project is better able to respond and adjust to the cocreation demands. This would require a certain level of flexibility and trust from the funding
agencies, a way of operating away from the current set-up of project proposals and grant
agreements with its fixed milestones and deliverables largely casted in stone. Alternative,
different forms of milestones and deliverables would have to be designed, more focusing on
tracking progress in the process, rather than on focusing whether predefined output has been
delivered. In addition, it should be possible to bring in new project partners, based on demand of
the co-creation process. Not only would this affect the way how funders administer projects, it
would also require considerable flexibility and an adaptive style of project management from
project partners and management. This will certainly be a two-way learning process.



Training and learning remains essential. In the INNOVA meetings it was clear that we as
researchers from Universities, Research organisations or SMEs not always automatically have
the skills to efficiently interact with a variety of stakeholders. As the INNOVA meetings showed
as well, researchers are capable of talking about their knowledge and technical details of their
innovation, but less in other aspects of their technologies, relevant for innovation, like financial
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and societal costs and benefits. Pitching ideas in a short amount of time remains difficult for any
researcher enthusiastic about the details of his or her work. A well-dosed support (in the end
researchers should be able to focus most on doing research) in improving these skills can,
however, provide quick wins and reduce the barrier for interaction.


On a more abstract level, developing, supporting and nourishing a new kind of ‘agent’ or
‘connector’ in the innovation process, someone/an organisation working on the interface between
science and technology is essential. He/she/they should be able to push, pull and bring forward
integrative innovative designs, complex due to their variety of sub technologies, multiple
suppliers of raw products (a.o. waste) and different clients and stakeholders. Being able to deal
with the complexity of such a process is a challenge and requires specific transdisciplinary, and
cross-cultural skills and expertise. In a very fundamental way, in the long-run, our educational
systems should provide the basis for developing these skills and expertise. On a more practical
level, this role of connector could be more explicitly included in the design of research projects,
also, or arguably preferably, in those with a strong technology oriented focus, like W4C, with a
strong hands-on approach, rather than in separate socio-technical theory shaping programmes.



Finally, an EU-Indian partnership provides additional and very valuable ways of learning. In a
close collaboration between European and Indian partners the demand for training and capacity
building dedicated to W4Cs technologies was identified. Beyond a proposed general Systematic
Approach to Training (SAT) in order to meet this growing demand, several tailor-made training
tools (e.g. for SALTMED) have been developed and used in workshops. Lesson learned: During
the dissemination activities it was shown that exhibitions and fairs are good and efficient
platforms, also for short training activities. Researchers do not always visit such events, preferring
the more scientific oriented conferences. Attention, thus, has to be paid to such training events
using the platforms of fairs and exhibitions to reach the decision makers and to increase their
awareness. Additionally, more web-based distant learning tools/materials can help to reach the
end user of the knowledge more freely and readily. Finally, a successful knowledge transfer
between India and Europe always requires the establishment of a good basis for communication.
In W4C such a basis has been well established during the INNOVA platform meetings, and the
other dissemination events over the past four years. A follow-up joint Indo-European project
dedicated innovation for supporting the transition to a green economy, building upon this 4-year
experience, would not be a strange consideration.
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Annex 1: W4Cs technologies and treatments under development at the
start of the project
Table: W4Cs technologies and treatments under development at the start of the project
Technology
cluster
Valorization,
treatment and
reuse of
wastewaters

Main technical
innovation

Sub component

Type

Product

Institute

Improved valorization of
volatile fatty acids (VFA)
and alcohols out of
biorefinery wastewaters

VFA production

Processing
technology
Processing
technology

Optimized process
conditions
Optimized process
conditions and
integrated concept at
lab‐scale

VITO

New multi‐step design in
olive mill wastewater
(OMW) treatment to
obtain natural
antioxidants
(polyphenols),
biopolymers (PHAs),
energy (bio methane) and
irrigation water

Novel polymers to
abstract polyphenols

VFA purification
through electro
dialysis
VFA purification
through adiabatic
abstraction
VFA to alcohols

Processing
technology

OMW polyphenols
through a Solid
Phase Extraction
(SPE) procedure
Biopolymers
production with
dephenolized
OMW using
biodegradable
solvents
Anaerobic
digestion
Selection of
polymers
possessing
selective
recognition
properties
Up scaling to fixed
bed or membrane
reactor systems

Processing
technology

Algal treatment

Optimized
constructed
wetlands
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Tailoring effluent
properties from
decentralized membrane
bioreactors for
agricultural re‐use
Greater biomass retention
in SBBGR (Sequencing
Batch Biofilter Granular
Reactor) technology
Nanobiocatalysts as
tertiary treatment for the
removal or organic
micropollutants
Molecular detection
assays to monitor
Enteroviruses and
Adenoviruses
Optimized constructed
wetlands

Processing
technology

Bionactis

Optimized process
conditions at lab‐
scale
…

VITO, Bionactis

Processing
technology

…

UNIRM,
UNIBO/Sapienza
University of
Rome

Processing
technology
Processing
technology

…

UNIBO, UNIRM

…

FHNW, INOFEA,
SIMA‐tec

Processing
technology

Pilot scale reactor

INOFEA

Processing
technology
Processing
technology

…

Praj, VITO

New membranes

IRSA1

Processing
technology

Sequencing Batch
Biofilter Granular
Reactor

IRSA2

Processing
technology

Pilot scale bioreactor

FHNW, INOFEA

Monitoring
technology

Clogging delay
(prefiltration)
Clogging delay
(Substrate)
Improved

VITO

Design
Design
Processing

UNIBO

IRSA3

Design for increased
lifespan
Design for increased
lifespan

UFZ
UNICT
UNICT

Water4Crops

Improved water
use efficiency
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New irrigation strategies
to improve the suitability
of irrigation systems for
TWW reuse

Package of practices for
enhancing WUE

New monitoring
combinations for
precision irrigation

Simulation and modelling

Identification of new
genetic mechanisms
(QTLs) regulating drought
adaptive traits in three
crops

Identification of optimal
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Hygienization
(operating
conditions for
pathogen removal)
Improved
Hygienization
(Virus removal)
Improved
Hygienization
(effluent storage
reservoirs)
Improved
Hygienization
(slow sand
filtration)
Bamboo systems
Floating mats
Customized
Improved drip
irrigation
management

technology

Improved pressure
compensating
emitter adapted to
wastewater
Irrigation
scheduling

Irrigation technology
or Water allocation
technology

New device

JISL
Irstea‐
Phytorem

Irrigation technology

New model

ICRISAT

New management
method

Irstea

Agronomic
interventions

Package of practices

ICRISAT, UASD

Cropping systems and
agronomic
interventions

New cropping
systems

Monitoring
technology

New techniques and
methodology

CEH, CER, IRSA,
ICRISAT

Monitoring
technology

New techniques and
methodology

CEH, CER, IRSA,
ICRISAT

Model system

Modeling and up‐
scaling

Gen technology

QTL

CEH‐CER
ICRISAT in
collaboration
with UASD,
NEERI
UNIBO, HORTA,
ICRISAT

Gen technology

QTL

Millet (terminal
drought tolerance)

Gen technology

QTL

Tomato (root
development)
Maize, sorghum,

Gen technology

QTL

Strategic research

…

Improved sprinkler
irrigation
management to
prevent drift
Soil test based
fertilizer use, crop
cultivars
Crop
diversification
with high value
crops
Cosmic ray soil
moisture
observing system
(COSMOS)
combined with
Electrical
Resistivity
Tomography (ERT)
Evapotranspiration
measurement
using
Scintillometer
and Eddy
covariance
SALTMED model,
HYDRUS

Maize (brace and
seminal root
development)
Sorghum (terminal
drought tolerance)

UFZ

Processing
technology

TUC
ENVINHEALTH

Processing
technology

UNICT
VITA 34 AG

Processing
technology

Design
Design
Design
Water allocation
technology

UFZ

New maintenance
methods

VITA 34 AG
PHYTOREM
VITA 34 AG
ENVINHEALTH
Irstea‐ JAIN

UNIBO, HORTA,
ICRISAT
MSSRF
UNIBO, HORTA,
ICRISAT
MSSRF
UNIBO, HORTA,
ICRISAT
INRA, HORTA,
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combinations of
genotypes x environment
x management
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millet

ICRISAT

