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DESCRIPTION OF THE COST ACTION
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Nanofluids (NFs) are defined as heat transfer (HT) or thermal energy storage (TES) fluids with
enhanced heat transfer properties by the addition of nanoparticles (NPs). Despite the huge effort
made in the research and development of NFs in the last decade, there are still significant barriers
to their market uptake by commercial implementation in industrial applications. If these barriers are
overcome, NFs will be an important player in the Value Added Materials (VAM) for the energy sector
with a global-orientated market of 10 billion euros/year by 2020 and 50 billion euros/year by
2050 (for all the VAMs related to energy).
NFs are advanced materials developed by nanotechnology and fall, therefore, within one of the Key
Enabling Technologies (KET) supported by the European Commission. In addition, they are
mentioned in the Strategic Energy Technology Plan (SET Plan) and the Solar Thermal Electricity
Technology Roadmap as potential elements to improve the efficiency of heat exchange and thermal
energy storage systems, to thus contribute to meet the European Council energy objectives for 2020.
Although some NF commercial applications currently exist, most of NFs are at Technological
Readiness Levels (TRL) 1 to 3. Most NF research has been conducted by research, development
and innovation (R+D+i) centres through national funding without coordination. Additional coordinated
research and development efforts are required to develop NFs up to higher TRL levels and to
overcome commercial application barriers. These barriers are identified as:
 Not coordinated European research efforts.
 NFs with enhanced thermal conductivity, but considerable pressure loss increment and
stability problems.
 NFs not developed for specific industrial applications which maximize its capabilities.
 High cost and industrial manufacturing methods not developed.
 Incomplete NFs Life Cycle Assessment (LCA) issues.
 NFs research not supported by H2020 calls to develop specific NFs to higher TRL levels.
The objective of the NANOUPTAKE COST Action is to create a Europe-wide network of leading
R+D+i centres, and of key industries, to develop and foster the use of NFs as advanced heat
transfer/thermal storage materials to increase the efficiency of heat exchange and storage systems.

Figure 1 shows the current NFs research
scenario and the objectives pursued by the
Action in order to overcome barriers to NFs
market uptake.

1.1.2. Relevance and timeliness
One of the conclusions reached in the 2010 United Nations Climate Change Conference was that
Global Warming cannot be avoided, only mitigated. To achieve this objective, efforts should focus
on limiting the rise in global temperatures to 2ºC by 2100. More marked increases could create
conditions for a potentially catastrophic climate change. Nowadays greenhouse gas emissions are
estimated at 50.1 GtCO2e (Gigatons of equivalent CO2 gas), with about 70% from the transport,
industry and energy sectors. If this trend is not modified, an increase of 5ºC will be reached by 2100.
To meet the 2ºC goal, the target for emission levels for 2020 should be 44 GtCO2e. Most countries
have agreed to reduce greenhouse gas emissions through climate change assessments.
In 2007, the European Council has adopted ambitious energy objectives for 2020: to reduce
greenhouse gas emissions by 20%; to increase the share of renewable energy to 20%; and to make
a 20% improvement in energy efficiency. Although present electricity generation from low- carbon
sources is around 45% (mainly nuclear and hydropower), the objective is to reach two- thirds by the
early 2020s. This ambitious goal means a cut in emissions of 1 GtCO2e by 2020.
At the current pace of demography and with emerging economies consuming a steadily increasing
amount of products and services, reducing CO2 emissions relies undoubtedly on innovations in
energy technologies to cover energy efficiency, energy harvesting, energy storage, and energy
transmission and distribution. These innovations depend on intensifying Research and Development
(R&D) activities in forthcoming years to develop an innovative key that enables advanced HT and
TES materials with market uptake in the mid and long term.
The main objective of the NANOUPTAKE COST Action is to develop and foster the use of NFs as
advanced Heat Transfer Fluid (HTF) and Thermal Energy Storage (TES) materials to increase the
efficiency of heat exchange/storage systems. NFs provide an effective route to address the
European Horizon 2020 energy objectives. The use of NFs as advanced HTF and TES fluids will
increment the efficiency of the current heat transfer and thermal storage systems present in relevant
industrial processes such as power generation, chemical processing, etc. Therefore, the
NANOUPTAKE COST Action is aligned with European Horizon 2020 Societal Challenge 3 (secure,
efficient and clean energy) and 6 (climate action, environment, resource efficiency and raw
materials). The NANOUPTAKE COST Action will also contribute to meet the goals defined in the
Strategic Energy Technology Plan (SET Plan) and the Solar Thermal Electricity Technology
Roadmap.
The optimal time slot for NANOUPTAKE COST Action is now. Important energy and environmental
challenges should be addressed at this time, and the NANOUPTAKE COST Action provides an
effective route to face them. The opportunity to achieve an advantageous European industrial
leadership position in this field, given the early maturity of the results and the actual boosting of
publications, is at this moment. The EU is facing fierce competition in energy technology markets,
and researching efforts must increase in the fields that will allow the EU to remain at the forefront of
the booming international market, such as this one. Some commercial applications of NFs already
exist, mainly in USA. These commercial NFs have been developed through specific nanofluid R&D
programs. The NANOUPTAKE COST Action will allow the coordination of a network of reference
R+D+i centres for NFs in the European countries with industrial key players, and at the same time,
will enable increased involvement of European R&D in this field, which will contribute to promote
TRL of advanced NFs for HT and TES systems beyond TRL 3.
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1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
In the present-day, NFs represent an active research field in several research centres in Europe.
However, research groups are often disconnected, which can lead to inefficient research planning
and a risk of duplicating efforts with almost no coordination among them. In addition, research into
NFs should be multidisciplinary. Thermal engineering, fluid mechanics, mechanical engineering and
material sciences, together with industrial, economic and LCA restrictions, should be considered in
NF development.
This Action will establish and foster collaboration and networking between participant R+D+i groups
and industrial partners in this multidisciplinary, dynamic and strategically important field, and will
enable participants to do their best work in a coordinated and collaborative manner.
This Action initially brings together a consortium of 25 R+D+i and industrial partners across 13
European countries. One important goal to meet while the Action is underway is to incorporate new
relevant members into this initial consortium to broaden the scope and the relevance of the Action.
This consortium guarantees the incorporation of the scientific, engineering and technological aspects
of advanced NFs for HT and TES, together with the point of view of its manufacturing and its
integration into practical environments. The industrial partners include potential nanofluid user
companies as well as HTF, TES materials and nanoparticles (NP) producers. This combination
includes the whole ‘supply chain’ needed to directly address key barriers to the take up of NFs for
HT and TES, and to promote its TRL research beyond level 3.
The NANOUPTAKE Action will provide an optimal platform for participants from different
backgrounds to encourage discussion; develop a common updated knowledge basis; avoid
duplication of work; identify the strengths of each member in the specific research; improve NFs
dissemination to stakeholders and general public and promote researcher mobility among partners.
In order to achieve these goals, four Research Coordination Objectives (RCO) are:
RCO1: Development of a common understanding about NFs preparation, characterization including
the whole NFs supply chain.
RCO2: Accelerate transfer of knowledge from fundamental research to industrial application by
identifying and addressing NFs key barriers to the market, and suitable industrial applications.
RCO3: Implement a Dissemination Plan including Short-Term Scientific Missions, Training Schools,
organization of a strategic Workshop and an International Conference, scientific publications,
Electronic Newsletters, Action Webpage and news and articles in media. Sections 2.2.2 and 3.1.1
provide detailed explanation of such activities.
RCO4: Create an open space so that new relevant partners can be incorporated into the
NANOUPTAKE COST Action.
The milestones and deliverables related to RCOs are given in Section 3.1.1.
1.2.2. Capacity-building Objectives
The Action Challenge is too wide and complex to be handled by individual groups or national
projects. Consequently, NANOUPTAKE Action will build a coordinate effort to address the Challenge
by the following Capacity-building Objectives (CBOs). The milestones and deliverables related to
CBOs are given in Section 3.1.1.
3

CBO1: Fostering the development of a joint research agenda in order to increase thermal behaviour
and lasting stability under operational conditions. To date, most NF research efforts have focused
only on improving thermal conductivity. In order to increment the range of NF applications it is
necessary:
a. To develop suitable preparation and characterization NFs methods. NFs preparation methods
have an important influence on the thermal properties and it depends on the final application of NFs.
In addition, it is necessary to develop experimental techniques to characterise NF thermal properties,
viscosity and stability under similar conditions to those found in real applications. This aspect is
especially important in high-temperature applications. NF stability should also be appropriately
addressed under such conditions.
b. NFs with new nanoparticle morphologies that increment thermal conductivity by maintaining
viscosity values at low levels.
c. NFs with base fluids that increase the heat capacity and/or reduce the increment in pressure
loss. NFs based on molten salts and ionic liquids present, in some cases, increments in heat capacity
due to interactions between the nanoparticle surface and fluid cations. NFs based on glycols and
thermal oils also present a lower increment in pressure loss due to the relatively high viscosity values
of base fluids, and also to nanoparticle fluid molecules interactions.
d. NFs with nano-encapsulated phase change materials (nano-PCM). This novel approach increase
the heat capacity (and thermal conductivity) of NFs to use nano-PCM. Nano-PCMs are NPs with
PCM material (tin, paraffins, etc.) in the core and high-melting temperature materials (silica,
alumina, etc.) in the shell. The heat capacity of NFs will be increased by the latent heat of the
nanoparticle core.
CBO2: Fostering knowledge exchange among different actors in order to find suitable industrial
applications to maximise NF capabilities. In the early 2000s, it was thought that NFs were going to
be used in most industrial applications that involved heat exchange. However after two decades of
research, it is considered that NFs will be used in applications that maximise their advantages. In
order to meet this goal it is necessary:
a. Identify industrial applications with thermal bottlenecks: NFs are particularly suitable for
applications where the bottleneck in the plant production process is a thermal process (heating or
cooling). In these cases the increment in pumping costs can be justified by the increment in the
production rate (e.g. NF as a coolant in microchips or high power electronics).
b. Identify industrial applications with reduced fluid movement. NFs are particularly suitable for
applications in which the fluid is static (or with short travelling distances). In these cases the increment
in pumping costs is negligible (e.g. nanofluid in PCM/TES).
c. Explore alternative NF properties. NPs can provide alternative properties to NFs by incrementing
their advantages as heat transfer fluids. For example, solar NFs can directly absorb solar radiation
and act as volumetric receivers in solar applications. NFs also affect nucleate boiling behaviour
and improve the critical heat flux in boiling systems.
CBO3: Acting as stakeholder platform to identify low-cost industrial NF manufacturing to lower NF
costs. This aspect is one of the barriers that should be overcome in order to achieve NF commercial
applications:
a. Identify suitable pairs of low-cost NPs and high-value HTF. One possible approach to minimise
nanofluid costs is to use low-cost nanoparticles in high-value heat transfer fluids. However, suitable
nanoparticle-base fluid-stabilisers should be identified.
b. Implement NF production processes. It is necessary to introduce NP and additives in standard HTF
and TES materials production processes. NP dispersion also plays a key role in NF behaviour and
stability.
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CBO4: Fostering the development of a joint research agenda in order to assess the economic and
performance viability of using NFs in thermal systems. In order to develop suitable NFs for industrial
applications, it is necessary to implement standards to check the economic and performance viability
of NFs. This cooperation will allow us to:
a. Define standard parameters to measure the economic viability and assure the performance
viability of NFs.
b. Evaluate efficiency increase potentials of incorporating NFs into HT and TES systems
CBO5: Promoting the development of a joint research agenda in order to evaluate health and safety
of NFs and their potential impact on the environment and on selected industrial applications. The
LCA will combine the existing literature and the complementary primary data collected during
laboratory tests and NF production to span the entire life cycle of NFs. The LCA will be complimented
by a Risk Assessment (RA).
a. Exposure Scenario Identification and characterisation. The identification of how the manufacture,
use and final disposal or recycling could result in the exposure of humans or environmental species
and ecosystems.
b. Hazard Identification. The identification of the hazardous properties of any forms of NFs to which
significant exposure is likely, based on the latest available knowledge.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
The concept of adding small solid particles to a base fluid to increase the thermal properties of
suspension has been long since practiced. However, most studies have been performed using
suspensions of millimetre- or micrometre-sized particles, which has led to problems, such as poor
suspension stability and channel clogging, which limits practical applicability. In 1995, S.U.S. Choi
proposed NFs to increase the thermal conductivity of HTF. NFs are defined as dilute suspensions
with solid particles smaller than 100 nm. NFs present some major advantages over conventional
colloidal suspensions, such as high stability, reduced particle clogging and high heat transfer
capabilities. All these potential advantages have boosted research in the NFs field (more than 1,700
papers have been published in research journals in the last 3 years).
Figure 2. Comparison of the number of
publications in the fields of NFs (dark blue),
heat transfer (red), turbulence (orange) and
turbulent
boundary
layers
(yellow).
Normalisation is based on data from 2014.
Figure 2 shows the growth of journal paper
publications in NF research in the last
decade compared to other heat transfer
topics. It can be observed that NF research
is increasing exponentially with a significant
higher increment ratio than other heat
transfer related topics.
NF research started in the USA and EU; however, emerging Asian nations, such as Iran, India and
China, are making huge efforts in this research field and have surpassed EU countries in recent
years (Figure 3). NFs constitute an interdisciplinary research topic by nature. In order to characterise
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and model a nanofluid, thermal, fluid, material and chemical sciences are needed. In the last few
years, excellent review papers, and a book, on the thermal applications of NFs have been published.
Figure 3. Country of origin of the authors of
NFs papers (source: ISI web of knowledge:
10/02/2015).
State of the art in water and thermal-oil
based NFs:
To date, research has focused on the
production, stability, characterisation and
modelling of thermal conductivity, viscosity,
thermal capacity, the heat transfer
coefficient and pressure drop of water and
thermal oil-based NFs. Increments of up to
30% in thermal conductivity can be obtained with high NP loads. The main drawback of water and
thermal oil-based NFs is high viscosity (increments of 50-100%). Efforts to reduce nanofluid viscosity
and increasing stability at high temperature must still be made.
State of the art in salt-based NFs: In the NFs based on salts, it is possible to obtain increments in
thermal conductivity, specific heat and latent heat. The mechanism underlying the enhancement of
specific heat and latent heat is still a matter of controversy. In all these works, salt-based NFs have
been produced by the hot plate method. The production efficiency of this method is quite low
because of the drying process. Organic salt-based NFs, (ionic liquid-based NFs or ionanofluids) also
present increase in heat capacity. In this type of NFs, dispersion of nanoparticles is performed by
ultrasounds in ionic liquids. Higher efforts are required to improve production processes.
State of the art in PCM-based NFs: NPs have been applied to PCMs to improve their thermal
properties. These new materials are called nanostructured-enhanced PCM (NePCM) or nanofluid
PCM (NFPCM). Most of the work conducted to date has focused on improving the thermal
conductivity of PCMs. One of the main disadvantages of organic materials like PCM is their inherent
low thermal conductivity, which lowers the rate of heat storage and release during the melting and
solidification process, and limits their practical application. In order to solve this problem, several
methods have been proposed to increase thermal conductivity and heat transfer during phase
changes. One of the most promising approaches is related to NePCMs/NFPCMs. Most works have
used water, ethylene glycol, paraffin wax and cyclohexane as the base PCM. A larger thermal
conductivity increment is observed in the solid phase. A linear dependence of thermal conductivity
enhancement with NP loading, at least for high loading values, is noted. A weak dependence of
thermal conductivity with temperature is observed. In general, the increase in thermal conductivity is
greater at high temperatures (liquid phase), and in the solid phase immediately after the phase
transition The solidification process can affect thermal conductivity given the presence of a void in
the solid phase.
Recently, nano-encapsulated phase change materials (nano-PCM) have been reported. Their
working principle is the same as micro-encapsulated PCM (MEPCM). A NP is produced with a
silica shell and a tin core. Despite its great potential, to date, only one type of nanoparticle is available
and has been tested in thermal oils and molten salts.
1.3.2. Progress beyond the state-of-the-art
The activities during the Action will provide a platform so that multidisciplinary international
knowledge from the participants with different R+D+i or industry profiles will be updated and shared.
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This will allow an initial up-to-date vision of the awareness of the NFs for HT and TES systems within
the consortium.
Starting from this knowledge basis, and after identifying the strengths of each member, productive
international collaboration among members can be set up so that the NFs with improved HT and
TES properties are developed and better characterised by integrating the specialities and equipment
of all the members. Therefore, duplication of the work of different groups will also be avoided.
Additionally, the coordination between research centres and industry will promote the identification
of suitable industrial applications where NFs can be implemented, which can significantly increase
global system efficiency, improve the transfer from fundamental research to industry, and to also
address key barriers to the market to take up this technology.
The final goal of the Action will be to gather all the different activities to significantly boost the TRL
of this technology at the end of the Action. This new and up-to-date TRL and the networking attained
during the Action will also allow for applying for future H2020 financial support.
The explanation given in RCOs and CBOs includes the specific collaborations among the Action
participants, which will be coordinated within this framework, will enable progress to be made beyond
the NFs current state of the art.
1.3.3. Innovation in tackling the challenge
One important innovation to address the problem of defining and overcoming research and market
barriers for this technology is to promote a platform on which different partners are willing to share
their knowledge, and to collaborate and cooperate for pushing upward the TRL of this technology.
The consortium includes three different actors: R+D+i centres; potential nanofluid user companies;
HFT, TES materials and NPs producers. The consortium enables the scientific and technological
aspects of the NFs for HT and TES to be addressed, and the viability of these systems in practical
industrial environments.
The partnership also includes multidisciplinary fields, which are essential for a relevant technology
advance in the NFs field for HT and TES applications. The combination of thermal engineering, fluid
mechanics, mechanical engineering and material sciences, and industrial applications spells
important innovation to tackle the challenge.
It is important to highlight the innovation of the structure of the Working Groups. Each Working Group
will analyse a specific application for a type of NF, and will include members from the three different
profiles. The more promising and further attained TRL specific applications will be proposed to be
included in a future H2020 application.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
The Action Challenge will require combined efforts made by different groups as the objectives are
beyond the possible research of a single group. The Challenge is far too much to be handled by
individual groups or national projects, and coordinated efforts to also avoid work being duplicated
are needed to adequately manage it.
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The consortium definition will grow into a huge collaborative effort by combining knowledge from
different groups, and thereby significantly increasing the chances of meeting the Action Challenge.
Networking will allow a science and technology community to be built in the NFs field for HT and
TES, and will gather the necessary critical mass to make progress in this topic.
The Challenge is complex and multidisciplinary in essence, and the networking of the involved
international experts from the R+D+i centres, including researchers from different disciplines and
experts from the private sector to identify industrial limitations and opportunities, will be essential to
properly address the challenge and to also enhance the obtained impact. Proper design, productions
and applications need the cooperation of physicists, chemists and engineers. In fact, this challenge,
which spans over different science and technology domains, requires a wide range of expertise,
which are not usually found in a single institution, but probably available in different countries.
The activities and collaboration obtained within the network will help spread knowledge, promote
productive collaboration among interdisciplinary members, stimulate communications which, in turn,
will contribute in identifying barriers, and will bring new and innovative ideas to accelerate transfer
knowledge from fundamental research to industrial applications, and to raise the TRL of this
technology.
The dynamic flexible network of the Action will contribute to optimise the outcomes and results by
identifying and incorporating new relevant partners to better achieve the goals.
1.4.2. In relation to existing efforts at European and/or international level
Each consortium member covers a specific research or development field in the Challenge, is
equipped with specific facilities, and focuses on modelling aspects, addresses industrial applications,
etc. However, these efforts are neither coordinated nor widely shared, and research is often
developed nationally and limited to a single research group. The collaborative activities in the COST
Action will enable breakthrough development in this field.
The Action is aligned with European Horizon 2020 Societal Challenge 3 (secure, efficient and clean
energy) and 6 (climate action, environment, resource efficiency and raw materials), and also with
the goals defined in the Strategic Energy Technology Plan (SET Plan) and the Solar Thermal
Electricity Technology Roadmap. In addition, NFs fall within one of the Key Enabling Technologies
(KET) supported by the European Commission.
Moreover, NANOUPTAKE Action will also aim to profit the Action outcomes as a basis to provide
new opportunities for participants to bid for future research funds.
NanoHex Research project, financed by FP7, will complement the NANOUPTAKE COST Action ,
since the aim of that project was to develop NFs for cooling applications. The outcome of the
NanoHex project were two NFs specifically developed for cooling of data centres and power
electronics. In addition, very recently an ERC Consolidator project proposal related to NFs for
enhanced oil recovery has been granted.
Finally, NANOUPTAKE Action will make a special effort to involve policy makers, regulatory bodies
and national decision members, such the International Energy Agency (IEA) and the Energy
Materials Industrial Research Initiative (EMIRI) in order to involve them in the Action by inviting them
to participate in the Action and in the Training Schools and International Conference.
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2.

IMPACT

2.1.

Expected Impact

2.1.1. Short-Term and long-term scientific, technological, and/or socioeconomic impacts
By addressing the Action Challenge, NF research activity in Europe will be boosted by the
cooperation and coordination of existing efforts. As mentioned in Section 1.3, in this research field
the European scientific community is lagging behind other traditional competitors, such as the US,
and behind emerging countries, such as India, South Korea, China or Iran.
Mobility within the network will provide Early-Stage Researchers (ESRs) with access to hands-on
NFs training schools, and emphasis is placed on enhancing their leadership skills. This will result in
larger numbers of early-stage NF researchers who are highly trained to work on interdisciplinary
problems.
In addition, the Action will enable technology transfer between research centres and companies
(potential NF users and HTF, NP and TES materials producers) by developing NFs for specific
industrial applications, and by also providing new opportunities for participants to bid for research
funds in forthcoming years. By means of networking, the process of finding the best partners for
relevant H2020 projects will be simplified, as will the provision of mentoring support for researchers
who are new to the process. This will result in the increased visibility and integration of ESRs in
H2020 project proposals.
The collaboration and networks of the present Action Challenge can positively contribute to the Five
Drivers of Productivity (investment, skills, innovation, entrepreneurship and competition) by
overcoming the barriers for commercialising NFs, by connecting this research with specific industrial
applications, integrating experts from different disciplines and profiles and by enabling increase
efficiency in the HT and TES systems present in many relevant industrial applications.
The Action will contribute to meet the European Council ambitious energy objectives for 2020: to
reduce greenhouse gas emissions by 20%; to increase the share of renewable energy to 20%; and
to make a 20% improvement in energy efficiency.
The goal of the collaborations within the Action will help cope with important scientific, technological
and industrial and societal issues that Europe faces today. If the present identified barriers are
overcome during the NANOUPTAKE Action, NFs will become an important player in VAM materials
for the energy sector and for the increase of efficiency in heat exchange and storage systems.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
As mentioned above, three partner types will participate in the NANOUPTAKE Action:
1. R+D+i centres: they have been the partners who have developed the NF research to date. Their
research has focused between TRLs 1 and 3.
2. Potential nanofluid industrial users: these include companies whose activities substantially
depend on applications such as heating, cooling and thermal storage, for example: power
generation, power electronics, thermal energy storage, etc.
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3. HTF, TES materials and NP industrial producers: including current HTF and TES material
producers, as well as nanoparticles manufacturers.
In addition, international organisations and Industrial Research Initiatives related with the Action
Challenge such the International Energy Agency (IEA) and the Energy Materials Industrial Research
Initiative (EMIRI) will be invited to join and participate in the Action.
As described in Section 3.1, the Action is composed of five Working Groups (WGs), four of which
are related with industrial applications of NFs, and the last one with dissemination and exploitation
Action outcomes. Each application WG should be composed of; at least, two R+D+i centres; one
HTF/TES/NP manufacturer and one potential nanofluid industrial user.
Twenty five partners have participated in preparing the proposal, and cover the share of the R+D+i
groups in the application WGs. However, more efforts in the industrial sector are needed in order to
involve more industrial partners. If the Action proposal succeeds, a plan to involve more industrial
partners will be devised and implemented during the first quarter of the Action:
1. The dissemination will include Electronic Newsletters about the project advances made every 6
months, an updated mailing list with the relevant stakeholders, potential new partners, and the Action
website, established to help contact, convince and incorporate new members into the present Action.
2. The events scheduled during the Action (such as Training Schools and Conference) will be open
to all the interested public and, therefore, to potential new members. The collaboration results
obtained during the Action, presented within the frame of these events, will be used as a good cover
letter to contact and incorporate new members into the Action.
3. The publications (Conference Proceedings, reports, Electronic Newsletters and Handbook)
obtained through the collaboration and coordinated efforts of the Action will also attract the interest
of new possible interested partners, and will help advertise and increase the number of members.
2.2.2. Dissemination and/or Exploitation Plan
The collection and dissemination of deliverables will be one of the most important tasks undertaken
by the Action, and a specific Dissemination WG will be set up to produce maximum publicity for our
work.
In the tasks, each WG will prepare reports for NF characterisation, modelling and validation, and for
NF applicability in specific industrial applications. An external dissemination strategy will be adopted
to reach a wider European and International audience by presenting results and promote partners
collaboration in publications and conferences. The public website will provide information on the
concepts and will provide advances of the Action, training schools, reports, electronic newsletters
and references to contact people to acquire further information.
The following methods will be used to disseminate the results (a complete description of them will
be provided in Section 3.1.1).
- Short-Term Scientific Missions (STSM).
- Strategic Workshop.
- Action website.
- Articles and news in the media.
- Training Schools.
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- International Conference on Nanofluids.
- Publications
- Electronic Newsletters.
Some of the NFs developed during the Action are expected to be susceptible to intellectual property
protection. In such cases, the partners directly involved in developing the NF must reach an
agreement on sharing the intellectual property, and on aspects related to confidentiality. Intellectual
property will belong to the partners involved directly in developing the NF since the
Action funds only networking activities.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
The NFs field for HT and TES application has been actively investigated for decades. Although
promising results have been obtained by individual groups, efforts are not coordinated, and the
presently identified barriers are difficult to overcome by independent investigations. The formation
of a network that interacts at a European level will result in a positive effect to reach a good level of
confidence that the Action can adequately achieve the addressed goal.
In addition, presently some NFs have been incorporated into industrial applications in the HT field.
However, these applications are small in number and mainly in the USA. The range of feasible
industrial applications into which NFs can be incorporated is wide, and close collaboration between
the industry, research and technology centres in specific Working Groups will allow the most
promising systems and applications to be focused on, where the characteristics of NFs better match
the specific process requirement, and also allow a maximum increase in efficiency in the selected
industrial application.
NFs fall within one of the Key Enabling Technologies (KET) supported by the European Commission
and they are closely related with European Horizon 2020 energy and climate objectives (Societal
Challenges 3: Secure, efficient and clean energy; and 6: Climate action, environment, resource
efficiency and raw materials). The NANOUPTAKE Action proposal will also contribute to meet the
goals defined in the Strategic Energy Technology Plan (SET Plan) and the Solar Thermal Electricity
Technology Roadmap. If the NANOUPTAKE Action succeeds, NFs will become an important player
in VAM materials for the energy sector.

3.

IMPLEMENTATION

3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

NANOUPTAKE Action activities will be undertaken by five WGs. Since the objective of the Action is
to develop and promote the use of NFs as advanced heat transfer/thermal storage materials, it has
been decided that the WGs depend on the NF industrial application (four groups). Each NF
application group will be composed of at least two R+D+i centres as well as one HTF/TES/NP
manufacturer and one potential nanofluid industrial user. Dissemination activities are also
fundamental for the success of the Action. Therefore, another WG, involving of all the partners, will
work on dissemination tasks.
- WG1: NFs for heating applications: NFs based on water, ionic liquids and thermal oils, including
nano-PCM for heat capacity enhancement.
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- WG2: NFs for cooling applications: NFs based on water and Ethylene- Glycol, including nano- PCM
for heat capacity enhancement.
- WG3: NFs for thermal storage applications: NFs based on molten salts and PCM, including
cryogenic storage.
- WG4: NFs in boiling and solar applications: NFs based on water in boilers and heat pipes or in
water/glycol or thermal oils for solar applications.
- WG5: Dissemination: all the partners will be included in this group.
The RCOs and CBOs of the WGs are provided in Sections 1.2.1 and 1.2.2. and they are distributed
as shown in Table 1.

WG
1. Heating
2. Cooling
3. Storage
4. Boiling
5. Dissemination

Table 1. RCOs and CBOs distribution by WG.
RCO1-4
CBO1
CBO2
CBO3
a
b
c d a
b
c
a
b
x
x
x
x x
x
x
x
x
x
x x
x
x
x
x
x X
x
x
x
x
x
x
x
x
x
x

CBO4
a
b
x
x
x
x
x
x
x
x

CBO5
a
b
x
x
x
x
x
x
x
x

The main activities to be developed through the Action are:
A1. MC and WGs meetings will be held every 6 months, preferably organised by different partners.
For optimising costs, the MC and WGs meetings will be held in the same location on consecutive
days.
A2. STSMs: The objective of the STSMs is to strengthen the networking among the researchers of
the different groups participating in the Action Network to allow an STSM to improve their knowledge
or gaining access to specific instruments and/or methods that are not available in their own
institution. A call for STSMs will be launched twice a year, in February and September. STSM
applications will be assessed within 1 month; the assessment based on excellence and impact by
prioritising applications from ESRs and countries that have less capacity in the field of the Action.
A3. Strategic Workshop - This workshop will be scheduled halfway through the Action at the
beginning of Year 3. It will focus on the current state of research and the updates of any recent work
undertaken through the Action. The WGs will present their results for discussion.
A4. Training Schools: Their objective is to share knowledge among members. Training Schools will
be organized in summer season and they will be opened to interested public (fostering new
members). Another aim is to invite other experts in the field to facilitate access to latest
developments. COST Inclusiveness Target Countries (ITC) will be prioritised to hold Training
Schools.
A5. International Conference - An International Conference will be scheduled at the end of the Action
in Year 4, during which all the achievements made during the Action will be presented. All the
participating experts, the COST-organisation and the national committees will receive plenty of
notice of the event for publicity purposes.
A6. Action website - The Internet will be used to communicate information about the research by
developing a website to allow information to be disseminated among partners and for the general
12

public. General information on the development of the Action will be available, and papers and
technical documents that define the steps of the work in progress will be posted on the restricted site
area
A7. Publications - Joint publications of the results of the Action are foreseen in peer-reviewed
journals, and presentations at conferences. A Handbook on the Use of Nanofluids in Industrial
Applications will also be produced, which will be disseminated to both end users and related
Agencies.
A8. Electronic Newsletters – Every six months a Newsletter in electronic format will be prepared with
contributions of each WGs. They will be sent by an e-mail network to ensure that the key people
around Europe are aware of the existence and works performed by the Action. The academic
members of the Action will be encouraged to incorporate results into the teaching programmes in
their institutions
A9. Articles and news in the media – Articles of scientific dissemination related to NFs will be
prepared by each WG and send to specialized media. In addition, all the dissemination activities will
be announced in general media.
In the next tables a summary of the main milestones and deliverables, including related objectives
and activities, is given.

Obj.
RCO1

Activity
A1

RCO1
RCO1-4
RCO3
RCO3-4
RCO3
RCO3
RCO3
RCO2CBO1
RCO2CBO2
RCO2CBO3-4

A1
A1
A2
A4
A3
A5
A1
A1

RCO2CBO5

A1

A1
A1

Obj.
RCO3

Activity
A6/A9

RCO3
RCO1
RCO3

A8
A1
A7

Table 2. Milestones of the NANOUPTAKE Action.
Milestone
First MC meeting with setting up Action Management (MC,
WGs, etc.) and Networking Coordination
Work Plan established
MC and WGs meeting
Calls for STMSs
Calls for Training Schools
Organising Workshop
Call for the International Conference;
Final reports and strategies for the future
Identify potential NF user companies needs and actual HTF
and TES materials properties
Identify potential NFs for specific applications by
addressing the needs of nanofluid user companies.
Perform complete characterisation of nanofluid formulation:
thermal production, economic viability and the LCA. To select NFs
for further development (TRL4-6)
Evaluate and make proposals for further transnational
funding in appropriate calls
Table 3. Deliverables of the NANOUPTAKE Action.
Deliverable
Actualized website, mailing list service and news in the
media
Half-yearly electronic newsletters
WGs reports
Scientific publications report

Periodicity
First semester
First semester
Every semester
Every semester
Annual
Year 2
Year 4
Year 4
Year 1
Year 2-3
Year 3-4

Year 3-4

Periodicity
Every month
Every semester
Every semester
Every semester
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RCO3
RCO3
RCO1
RCO1
RCO3
RCO3
RCO3
RCO2,
CBO1-5

A2
A4
A1
A1
A3
A5
A7
A1

STSM report
Training School report
Annual Report
Mid-term report on gender balance
Proceedings of the Workshop
Proceedings of the International Conference
Handbook
Proposal to H2020 calls

Annual
Annual
Annual
Biannual
Year 3
Year 4
Year 4
Year 3-4

Next Figure shows the work methodology of the WG1-4 in order to meet the CBOs.

Figure 4. NANOUPTAKE
Groups to get CBOs.

Working

3.1.2. GANTT Diagram
Year 1
Act.
Q1 Q2 Q3
MC
X
X
meetings
WG
X
X
Meetings
STSM
X
Workshop
Train. Sch.
X
Conference

Year 2
Q4 Q1 Q2 Q3

Year 3
Q4 Q1 Q2 Q3

Year 4
Q4 Q1 Q2 Q3

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Q4

X

X
X

X

X
X

3.1.3. Risk and Contingency Plans
The main risk of the NANOUPTAKE Action is not involving enough partners of the above- mentioned
types for each NF application. The R+D+i partners included in the proposal cover all the NF
applications mentioned in the Action, and a plan has been established to attract new relevant
members.
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Another risk of the Action is not to find suitable specific NFs to be developed to TRL 4-6. The level
of this risk is low since there are already some commercial NFs [5]. In addition, only RCO2 and
CBO5 are completely related with this risk, so most of the Action will be covered.

3.2.

Management structures and procedures

The Action will be supervised and coordinated by a Management Committee (MC), chaired by a
Chair and a Vice-Chair, according to document COST "Rules and procedures for implementing
COST Actions". All research activities of the Action members will be carried out and funded by
internal resources of the participating groups, with COST supporting only the coordination,
networking, and dissemination activities. To achieve the Action objectives effectively, coordination
will involve:
- Action management: The MC will set up the network, discuss the achievements and the problems
encountered, and plan future activities. It will report to the COST Association on a regular basis. The
MC will appoint a Core Group (CG) to assure rapid, efficient and flexible coordination of the Action.
The CG will consist of the MC Chair and Vice-Chair, the WG Leaders, the STSM Coordinator, and
the Training Schools Coordinator. The CG will prepare all relevant documents for the MC meetings.
- Outreach Coordinator: the MC will appoint a Coordinator responsible to create and update monthly
the Action web site according to COST rules, and to publish periodic Electronic Newsletter and news
in the media.
- Training School/Strategic Workshop Coordinator and STSMs Coordinator: they will coordinate the
Training Schools/Strategic Workshops and STSMs. They will be responsible of overseeing the
coordination implementation plan, prepare the selection and review process of the Schools and
STSMs. Operative decisions on the Schools and STSM will be taken by the CG and reported to the
MC.
-WG leaders: responsible for coordinating the COST Action activities undertaken in each WG;
Interconnecting the WG with MC. The Dissemination WG leader will be the Outreach Coordinator.
A plan to promote gender balance and to encourage ESRs participation as Outreach, Training
School, Strategic Workshop Coordinators and WG leaders will be devised and implemented during
the first quarter of the Action.
During the first six months of activities of the Action, the MC will approve the internal procedures for
Intellectual Property Rights protection and confidentiality issues.

3.3.

Network as a whole

In the Action submission stage, 25 partners (including R+D+i centres, as well as industrial partners)
from thirteen countries have actively participated in preparing the Action proposal.
- Most European R+D+i centres with active NF research activities are involved in the proposal
preparation.
- A plan has been established to attract new relevant members.
- Four ITC countries are initially included in the Action.
- Special attention will be paid to gender balance and to include ESRs providing them a leading role
in the Action.
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