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Highlights: Public Funding analysis, key to understand the field

The NSF has awarded a Standard Grant back in 2011 to start research in 
new frameworks for robust adaptive/approximate dynamic programming 
(that fuses reinforcement learning systems and neural networks) to address 
grand challenges in smart grids (among others) to NYU.  +info 

The Open+ program in Arpa-E will grant a total $98M in 40 projects in 
different fields. The “data-driven grid” cohort, with 4 projects and $12M, has 
already been awarded.

Industrial activity leaders in the field, commented below, have a more 
applied perspective, with developments in industrial IoT and IIoT Edge to 
cloud ML. When it comes to public funding, Purdue Univ, State Univ of NY 
at Buffalo, and Univ. Bath have attracted the most number of grants, in more 
FET-like areas such as distributed optimization algorithms and distributed 
fog computing. 

The face of promising research: Gesualdo
Scutari, Assoc Prof in Purdue School of 
Engineering +info Zhenyu Huang, from the
Advanced Grid Analytics portfolio at Pacific
Northwest National Lab +info

Other leading research org in EU: 

ABB Inc., PingThings Inc. In the industry, 
corporations like Google, Foghorn Systems, and 
Microsoft are active in the field, looking at both 
short-term and long-term developments in this 
area.

Futuristic Scenarios

ML data-driven solutions will unlock penetration and 
compromise testing on each pipeline. Applications may 
aim cyber-security resilience, and developing simpler and 
more secure “Grid Data Exchanges” for sharing cyber-
sensitive electric grid operations data, such as the work by 
GridBright supported by Arpa-E +info

Optimization and control methods to increase grid flexibility, 
reliability, and resilience while substantially reducing system 
costs and barriers to fully integrated emerging technologies.



Beyond Smart Grids: 
Advanced Data Analytics
and Machine Learning
The number of documents in this field has grown especially since
2018 and is expected to continue increasing

Number of records in Machine Learning applied to Smart Grids [1] 

Deep reinforcement and Deep reinforcement learning references over time. [2] 

[1]Source Linknovate: http://bit.ly/SmartGrid_ML
[2] Source Linknovate: http://bit.ly/SmartGrid_DL

Most active organizations in Machine Learning applied to Smart Grids [1] 

Active key-players in terms of public-funding Grants[1] 

Google’s research in collaboration with Columbia University focuses on optimizing 
NY’s city power grid with ML applied to predictive maintenance. As fir Purdue 
University, the organization with more grants on the topic, they are focusing on real-
time prediction of the system behavior and on fog computing. 



Highlights:

ARPA-E will award $5,2 M in funding for 3 projects in Energy-Water
Technologies that will develop new energy-efficient processing technologies
for industrial (particularly oil and gas) and municipal wastewater. +info 

Achieving cost-efficient energy-positive models by: 
- The use of bacterial processes and advanced control solutions
- The use of industrial waste heat to extract clean water from wastewater
- Eutectic freeze crystallization to separate salts from contaminated water

(more pre-FET)

The face of promising research: Jules Van 
Lier, Prof. at Delft University of Technology 
+info
Mark van Loosdrecht, Prof. at Delft University
of Technology +info

Other leading research org in EU: 

Mark van Loosdrecht has been named the 2018 
Stockholm Water Prize Laureates for 
revolutionizing water and wastewater treatment 
with Bruce Rittmann. +info

Futuristic Scenarios

Eutectic Freeze Crystallization 
Huge amounts of valuable industrial aqueous streams 
that are currently too energy intensive to be treated, 
could be commercially decomposed into valuable 
materials when using Eutectic Freeze Crystallization 
(EFC) technology. The separation burden will be 
changed into a blessing by producing raw materials 
from waste streams by spending less energy. +info

These technologies include, but are not limited to: anaerobic 
treatment, high-rate activated sludge units, chemically enhanced 
primary treatment, aerobic granular sludge systems, shortcut 
nitrogen removal processes, waste heat recovery, and eutectic 
freeze crystallization.



Energy efficient
Water Treatments

Number of records in Energy-Water Treatment [1] 

Public Funding awarded to Energy-Water Treatment since 2010 [1] 

[1]Source Linknovate: http://bit.ly/EntergyWater
[2] Source Linknovate: http://bit.ly/EWT_bacterial
[3] Source Linknovate: http://bit.ly/EWT_WasteHeat

Academia leads the activity in bacterial and autotrophic processes for energy-
efficient wastewater treatments, while companies are the ones leading the waste-
heat recovery processes. 

Most active organizations in Energy-Water Treatments with bacterial processes [2] 

Most active organizations in Energy-Water Treatments with waste heat [3] 

Major developments in the Netherlands
WitteveenBos, Eliquo and Topec are dutch
companies that are applying energy-water 
technologies for wastewater treatment towards a 
circular economy.
As for the academic side, TU Delft has set up 
The Water Management Department to improve 
the urban water cycle and make the most of 
water resources.



Public Funding

As part of the OPEN+ Program, ARPA-E will award $1.7M to University of 
Colorado to develop 3D-printed, biodegradable soil sensors to help farmers
to precisely understand crop water and fertilization needs. +info 

P.E.S. Technologies, a plastic electronics start-up, and NIAB-EMR, a horticultural 
research transfer organisation, have received £500K from UK Innovative to 
develop plastic electronic volatile organic compound sensors for determining soil
health. +info

The University of Reading has received £20K from STFC to develop small, 
inexpensive sensors that are long-lasting, ultra-low powered, and wireless for
measuring soil NPCW (nitrogen, phosphorus, carbon, and water) components at 
temporal and spatial scales that are not possible today. +info

The face of promising research: Gregory L. 
Whiting, Mechanical Engineering Assistant
Professor at U. Colorado +info and Chad 
Ulven, Mechanical Engineering Associate
Professor at NDSU +info 

Other leading research org in EU: 

The Ulven Research Group at NDSU is developing 
biodegradable sensors that use NDSU’s patent-
pending “direct write” electronic printing 
techniques to print circuit and antenna patterns 
directly onto renewable, bio-based materials. +info

Futuristic Scenarios

UConn engineers have created a biodegradable pressure 
sensor that could help doctors monitor chronic lung 
disease, swelling of the brain, and other medical conditions 
before dissolving harmlessly in a patient’s body. +info

GOAL: Biodegradable soil sensors to measure infield conditions such 
as moisture, salinity, nitrogen, phosphorous, potassium and pH-levels 
in real time. The sensors approximately are the same size as a seed 
and shall degrade at the end of each planting season and leave no 
harmful toxins in the soil.



Biodegradable sensors
for precision farming
The number of documents in this field has been ranging from 12/30 
yearly since 2010, although it is expected to increase in 2019 and to 
continue growing in 2020.

Number of records in Biodegradable Sensors for Precision Farming [1] 

Public Funding awarded to Biodegradable Sensors for Precision Farming since 2010 [1] 

[1]Source Linknovate: http://bit.ly/Biosensors_farming

Top organizations active in Biodegradable Sensors for Precision Farming are 
companies (70%) from the USA (40%). Top active countries in the field are 
European, besides the USA, and South Korea. 

Most active organizations in Biodegradable Sensors for Precision Farming [1] 

Top 10 active countries in Biodegradable Sensors for Precision Farming [1] 

Drones equipped with hyper-spectral, 
multispectral, or thermal sensors are able to 
identify areas that require changes in irrigation. 
Once crops have started growing, these 
sensors are able to calculate their vegetation 
index, and indicator of health, by measuring 
the crop's heat signature. + info



Highlights

Not only around the communication principles and challenges in order to wirelessly 
read out passive sensors at long distances (which is short-term research and a 
industrial concern), from hundreds of meters to kilometers.
Special attention to zero-power sensors applied to Agriculture, where high energy 
efficiency to passively monitor plants, water and crops are needed, particularly in 
rural areas (off-grid). +info

Smart Cities is another key are of focus: one of  MIT 10 Breakthrough technologies 
in 2018 +info

Sensing City - Sensors & Smart cities
e.g. Alphabet’s Sidewalk Labs (NY City), is collaborating with the Canadian 
government on Toronto’s industrial waterfront. One of the project’s goals is to base 
decisions about design, policy, and tech on information from an extensive network of 
sensors that gather data on everything from air quality to noise levels to people’s 
activities.
The plan calls for all vehicles to be autonomous and shared. Robots will roam 
underground doing menial chores like delivering the mail. Sidewalk Labs will open 
access to the software and systems. +info

The face of promising research: 
Zhenyun Qian, and Cristian Cassella in Northeastern 

Univ, USA +info

Emanuel M. Popovici, Univ. College Cork, Ireland

+info Sangkil Kim, Pusan Univ, South Korea +info

GOAL: Billions of new devices are expected to come online, 
following the “connect everything” mantra, to make our 
environments smarter and more efficient. 5G and Battery 
technology make these devices rely on power challenges that 
need to be overcome.

Lines involve sensors for RF-energy harvesting, micromechanical 
photoswitches, acoustically powered underwater devices, 
opportunistic energy scavenging, and other characteristics.

Other promising research: 
VTT line of research in Finland (RFID 
sensors) +info
Texas Instruments also has inventions 
as early as 2013 in this type of sensors 
with digital TV signals.

Futuristic Scenarios

How to investigate the vastly unexplored oceans? 
Researchers aim to build a submerged network of interconnected 
sensors that send data to the surface — an underwater ‘IoT’. 
But how to supply constant power to thousands of sensors 
designed to stay for years in the ocean’s deep? MIT investigates a 
battery-free underwater 'piezoelectric' sensor which transmits data 
by absorbing or reflecting sound waves 
back to a receiver, where a
Reflected wave decodes a 
1 bit and an absorbed wave 
Decodes a 0 bit — and 
Simultaneously stores energy.
+info

Source pic: courtesy of researchers



Zero-Power 
Sensors
References have grown considerably over 2019 in zero power sensors
applied to agritech and smart farming.

Number of records in Zero Power Sensors [1]

Number of records in Zero-Power Battery [2] 

[1] Source Linknovate: http://tiny.cc/zeropower
[2] Source Linknovate: http://tiny.cc/zeropowerbattery
[3] Source Linknovate: http://tiny.cc/zeropowerbatterygrant

Most active organizations in Zero-Power sensors [1]

Public Funding in the space [3]

Excluding projects and grants in ultra low power sensor network (works range 2008-
2015), with projects like and SYNCSEN and DEMOSYNCSEN +info, and more 
recently ULISSES (3,83M€, 2019, +info).

Arpa-E (2019): Zero-Power Wireless Infrared
Digitizing Sensors for Large Scale Energy-Smart 
Farm ($1,63M).
Northeastern University will develop a 
maintenance-free sensor network to improve
energy and agricultural efficiency by monitoring
water content in plants. Sensors will monitor 
water stress-related plant characteristics, 
relaying these data wirelessly to a control center 
in the irrigation system. It will eliminate the cost
of battery replacement. + info



Public Funding

The scandinavian Top-level Research Initiative (TRI), set two programs
(back in mid 2010s) to explore arctic climate change that altogether fund six
Nordic Centers of Excellence (NCoE). Each of them focuses on a specific
challenge, like the preservation of the tundra, nordic marine ecosystems, 
and the arctic land ice; or the study of cyosphere-atmsophere interactions. 
+info 

The University of Lapland has received € 0,92M from the Academy of Finland to 
study both historical sites as a tool for predicting long-term ecosystem change
and the impact of southern ocean interactions on marine ice sheet stability. +info

The EC has recently funded ARCTICO (€95K) and APPLICATE (€8,72M) 
Projects to understand the magnitude of arctic climate change and to enhance
arctic climate change weather predictions.

The face of promising research:
Bruce Forbes, Prof. of Global Change at the

University of Lapland +info

Thomas Jung, Climate Sciences Prof. at Alfred 

Wegener Institute +info 

Other promising initiatives: 

There’s a plethora of environmentalist groups like 
WWF taking action to study, control, and raise 
awareness on arctic climate change. +info

Futuristic Scenarios

Build walls on seafloor to stop glaciers melting
Building walls on the seafloor may become the next frontier of 
climate science, as engineers seek novel ways to hold back 
the sea level rises predicted to result from global warming. 
+info

GOAL: Addresses fundamental questions on the origin, maintenance, 
conservation and future of life and biological diversity on Earth.



Arctic Climate Change
The number of documents in this field has dramatically increased in 
2018, and is expected to continue growing in 2019.
When it comes to public funding, the EC has funded only 5 projects
since 2010, but for a total amount of €24M. Contrarily, the USA has 
funded 53 projects for $20.5M.

Number of records in Arctic Climate Change [1] 

Public Funding awarded to Arctic Climate Change since 2010 [1] 

[1]Source Linknovate: http://bit.ly/ArticClimateChange
[2] Source Linknovate: http://bit.ly/ArticClimateChange_grants

Most active organizations researching Arctic Climate Change also are the ones

obtaining more public funding. It is an eminently academic topic since, out of the top 

10 organizations in both rankings, 6 are Universities and 4 are Research Institutes.

Most active organizations in Arctic Climate Change[1] 

Active key-players in terms of public funding (grants) [2] 

Stopping the flood: could we use targeted
geoengineering to mitigate sea level rise? 
The Marine Ice Sheet Instability (MISI) is a dynamic
feedback that can cause an ice sheet to enter a 
runaway collapse. Thwaites Glacier (West Antarctica) 
is projected to be the largest individual source of 
future sea level rise and may have already entered
MISI. A suite of coupled quasi-2-D ice–ocean
simulations are researched to explore whether
targeted geoengineering could counter a collapse. + 
info



Highlights: Potential gigantic impact in farming and agriculture

Agriculture, forestry, and other land uses emit 24% of greenhouse gases 
globally +info

1 ha of algae ponds can generate 27 times as much protein as 1 ha of 
soybeans. 
Algae thrive in dry, warm areas not-suitable for conventional agriculture.

U.S. DoE has awarded Duke Uni. $5,2M to lead Marine Algae
Industrialization Consortium (MAGIC), including the University of Hawaii at 
Hulu, Cornell University, Cellana and others to devise a negative-emissions
technology (ABECCS - algae bioenergy with carbon capture and storage) 
that produces electricity and provides protein while simultaneously removing
carbon dioxide from Earth’s atmosphere and reducing deforestation. +info

Pond Technologies develops algae bioreactors for factories that grow algae
that remove CO2 emissions and transform them into food products
(spirulina) +info

The face of promising research:
Thomas Brück, Synthetic Biotech Prof. at TU 

Munich +info

Zackary Johnson, Associate Prof. of Molecular 

Biology in Marine Science at Duke University +info

Other promising research: 

GEOTRACES project investigates how nutrients 
and carbon move around the oceans and how they 
impact biological production. They have teamed up 
with PAGES project, to research how Earth and the 
oceans have responded to past climate change.

Futuristic Scenarios

TU Munich has developed a process in which the grow 
algae to produce algae oil, and then turn it into carbon 
fibers. +info

Growing algae farms with CO2 captured from factories’ emissions and 
the atmosphere. Resulting algae will serve as an alternative source of 
protein for humans and animals, and/or biofuel. All with a 
“byproduct””: reducing crops lands, deforestation, and CO2 
emissions.



Algae Against Climate
Change
Although R&D using algae for combating Climate Change has 
dramatically increased in the last two years, the same trend is not
mirrored in public funding open calls and projects.

Number of records in Algae Against Climate Change

Public Funding awarded to Algae Against Climate Change

Source Linknovate: http://bit.ly/AlgaeClimateChange

Most active organizations and research focus on growing algae ponds to produce 
biofuels. Recent trends explore turning algae into an alternative source of protein
(spirulina) or materials (carbon fiber).

Most active organizations in Algae Against Climate Change

Innovation trends and subtopics in Algae Against Climate Change

Harmful Algal Blooms: Red & Brown Tides
Eutrophication (overabundance of nutrients in water) can fuel the
excessive growth of phytoplankton and algae. Harmful algal
blooms can kill fish, marine mammals and seabirds and harm
humans. And when the algae and other organisms that had been
allowed to bloom because of the nutrient excess eventually die 
off, bacteria may suck up all the oxygen from the water as the
algae decompose. 
This hypoxia creates a “dead zone” where fish cannot live. 
More than 400 areas around the world have been identified as 
experiencing eutrophication and 169 are hypoxic. + info



Highlights: a social demand with huge impact

Social Need:  The demand for air conditioning in homes and work spaces is
increasing. New and more efficient cooling methods are needed to reduce 
building energy consumption and environmental impact. Residential and 
commercial buildings currently account for 72% of USA electricity use and 
40% of USA’s CO2 emissions each year, 5% of which comes directly from
space cooling and/or air conditioning. 

Swiss funded by future-thinking program “NCCR Digital Fabrication” by
agency SNSF. Through a multidisciplinary approach a partnership is created
to establish digital technology as an essential part of future building
processes. Switzerland program considers the benefits of digital 
construction evident: 
- efficient use of production resources
- material-specific concepts and durability, thanks to the seamless

integration of design and fabrication

Arpa-E funded projects in multiple lines of research (shown in the following
sections).

The face of promising research:
Igor Sartori, SINTEF (Norway), Senior Researcher

in Architectural Engineering +info

Xiaobo Yin (USA), Prof. at CU Boulder’s +info

Arild Gustavsen, Director of The Research Centre 

on Zero Emission Neighbourhoods (ZEN) in Smart 

Cities ´info

Other promising research: 

Constantinos Balaras, Research Director, 
IERSD, NOA (Greece) + info. Shady Attia, 
Univ Liege (Belgium) + info. Shanti Pless, 
NREL (USA) + info.

Futuristic Scenarios

Metamaterials for NZEB - After receiving a $3M federal grant 
from ARPA-E in 2015, a team at the Univ. of Colorado Boulder 
developed a new metamaterial film that provides cooling 
without needing a power input. Made out of glass 
microspheres, polymer and silver, the material uses passive 
radiative cooling to dissipate heat from the object it covers. It 
emits the energy as infrared radiation and also reflects solar 
light. Most importantly, the material can be scalably
manufactured at low-cost.

AIM: Although the net zero concept is applicable to a wide range of 
resources such as energy, water and waste. Energy is usually the 
first resource to be targeted.
- highly insulating spray-foam insulation
- high-efficiency solar panels
- high-efficiency heat pumps
- highly insulating low-E triple-glazed windows. 
Zero-energy buildings (ZENB) is usuallly tied to smart grid and 
concepts such as integration of renewable energy resources, 
integration of plug-in electric vehicles (vehicle-to-grid), and 
implementation of zero-energy concepts.



Net-Zero Buildings

EC has been very active in the space, although with a more short-term
obstacle-solving approach for cost reduction and viability for NZEB, not so 
much for radically new technologies.

Number of records in Net-Zero Buildings

Public Funding awarded in self-healing and self-healing batteries (grants) [1] 

[1]Source Linknovate: http://bit.ly/netzerobuils

Some of the most relevant grants and projects in the field are the ones funded
by Arpa-E agency (DOE, USA) in the last 5-10 years:
- 3M Company (St. Paul, MN). Passive Radiative Cooling Film – $2,8M. 3M develops a film 

that passively radiates heat away from a building’s surface for cooling. Using a unique, 

weather resistant polymer composition. This film builds upon radiative cooling. Tech

developed in prior ARPA-E awards to Stanford Univ. and SkyCool Systems.

- MIT (Cambridge, MA). CARBONHOUSE: Towards a Carbon Ontology - Ultra Low

Footprint Buildings Using Gas-Pyrolysis Hydrocarbons – $3,7M. Polymeric composites

are an alternative material paradigm. Through prototype buildings, the project looks to use 

hydrocarbon-derived composites to create minimal footprint habitation.

Arpa E even funded projects aiming at NZEB from completely different angles: 
- Cornell University – $3M. Thermoregulatory Clothing System for Building Energy Saving -

- tailoring the thermal environment around the individual.

- AlsoCornell University – $1,5M. Indoor Occupant Counting Based on RF Backscattering. 

An occupant monitoring system, combination of "active" radio frequency identification

(RFID) readers and "passive" tags. Instead of requiring occupants to wear tags, the tags, 

as coordinated landmarks. The system will employ efficient biomechanical models and 

inverse imaging algorithms to estimate the size, posture, and motion of the collected

geometry and distinguish people from furniture and pets. Occupancy data is then sent to 

the building control system.

Multinationals present in the HVAC field interfacing with “smart buildings” such as 

Schneider Electric, Siemens, Johnsons Control, Daikin and GE appear at the top of 

specialized news activity. However a closer look filtering out “market research 

reports” shows the following ranking:

Most active organisations Net-Zero Buildings[1] 



Highlights:

10 rivers in the world contribute 90 % of plastic waste washed to the oceans, 
8 of which are in Asia. +info 

EU-funded CLAIM project will develop a photocatalytic nanocoating device for
cleaning microplastics in wastewater treatment plants and a small-scale thermal
treatment device for energy recovery from collected litter on board ships and 
ports. And Ichthion has received an Innovative UK grant to develop a 
microplastics filter that can be attached to different static and dynamic fluvial 
infrastructures and collect 15% of debris. 

29% of commercial fish stocks are now classed as overexploited and 61% as 
fully exploited. Aquaculture farms aims to alleviate fishing but due to captivity
environment some species have reproduction problems. +info

EC-related projects involve Blue Growth Farm, to test an open sea floating 
platform that integrates an aquaculture system and an offshore wind turbine 
power plant and wave energy converters (WEC); Eyefish, to demonstrate the 
efficacy of a molecule to induce better ovulation in fish without hormones; and 
iFishIENCi, a system that would improve fish aquaculture system’s production 
control and management, maximizing feed utilisation and providing continuous 
monitoring of fish behaviour, health and welfare.

The face of promising research:
Tamara Galloway, Prof. of Ecotoxicology at 

University of Exeter +info

Joydeep Dutta, Chair of Functional Materials at KTH 

Royal Institute of Technology + info

Other leading research org in EU: 

Funded by the EC, Ocean artUp aims to study the 
feasibility, effectiveness, associated risks and 
potential side effects of artificial upwelling in 
increasing ocean productivity, raising fish 
production, and enhancing oceanic CO2 
sequestration.

Futuristic Scenarios

EU research project GoJelly uses jellyfish mucus as a 
micro-plastic bio-filter for treated water systems before 
the water is released back into the sea. +info

AIM: Initiatives tackling marine preservation are focused on overfishing 
and marine debris, but also address the impact of anthropogenic 
marine noise, marine traffic, raising awareness, and legal action and 
protection policies. 



Ocean and Marine
Preservation
Both subtopics follow a similar trend and have grown exponentially
since 2013, and they are expected to continue growing.

Number of records in cleaning Microplastics for Ocean Preservation [1] 

Number of records in Aquaculture for Ocean Preservation [2] 

[1]Source Linknovate: http://bit.ly/Linknovate_QCML
[2] Source Linknovate: http://bit.ly/AquacultureOP

FISH-LESS FISH ALTERNATIVES
Companies like Impossible Foods or Good Catch 
are developing plant-based fish and seafood
alternatives. +info

Most active organizations in both subtopics belong to Academia (Universities and 
Research Institutes) and are mainly European (from the UK, France and The 
Netherlands), although USA organizations are particularly active in researching how 
to clean microplastics from the oceans.

Most active organizations in cleaning Microplastics for Ocean Preservation [1] 

Most active organizations in Aquaculture for Ocean Preservation[2] 



Highlights: 

Head of the MIT’s Self-Assembly Laboratory, Skylar Tibbits, started this
line of research back in 2014 with expanding materials and simple 
deformations. Collaborations with MIT’s Camera Culture group and the
companies Stratasys and Autodesk Inc took this further. +info

Harvard’s Wyss Institute for Biologically Inspired Engineering is studying a 
way that a special ink, hydrogel ink, changes shape and form when
stimulated with water. +info

At the University of Wollongong in Australia, a team of researchers have
created the first 4D-printed water valve. It shuts when exposed to hot water
and re-opens when hot temperatures subside by using a hydrogel ink that
responds rapidly to heat. +info

EC-funded PRIME Project (€2,82M) will use 4D printing of liquid crystal
elastomers for the direct implementation and integration of light-actuated
valves and pumps in a microfluidic chip. +info

The face of promising research:
Skylar Tibbits, founder of MIT’s Self-Assembly Lab

+info 

Jennifer Lewis, Prof. at Harvard’s Wyss Institute for

Biologically Inspired Engineering. +info

Other promising research: 

Collaborative Project SimuLearn combines ML and 
mechanical and geometrical simulation for the 
inverse design and manufacture of self-assembling 
fiber-reinforced composites. +info

Futuristic Scenarios

MIT’s Self Assembly Lab and MIT-born apparel 
company Ministry of Supply have developed a new 
system called Active Textile Tailoring, a new system for 
“smart” textiles in which its fibers change shape and 
structure in response to heat and moisture, unlocking a 
new wave of customization of fit and aesthetic. +info

It is a renovation of 3D Printing wherein special materials to print 
objects that change shape post-production. Some stimuli or trigger like 
water, heat, light, or electrical currents is needed to start the 
transformation. Other forms of triggers have to be explored in depth 
through research.



4D Printing

Activity in 4D Printing is growing by the year. Interesantly, so far, 
only 5 grants have been awarded to the topic, 2 from the NSF 
($0,6K) and 3 from the European Commision ($3,24M)

Number of records in 4D Printing [1] 

Public Funding evolution in 4D Printing (Grants) [2] 

[1]Source Linknovate: http://bit.ly/4DPrintingDoc
[2] Source Linknovate: http://bit.ly/LNK4DPrinting

Top organizations pushing the topic forward are Universities and Research Institutes
from the US, and Europe. This indicates a low readiness level for this technology.
Organovo (San Diego, California), has been at the forefront of 3D bioprinting
research.

Grants in 4D printing in Europe include:
- PRIME in FET Program (H2020) for Advanced and versatile PRInting platform for 

the next generation of active Microfluidic dEvices. (2,2M€)
- 4D-POLYSENSE - 4D-POLYpropylene meshes as SENsitive motion Sensors 

(158k€)
- 4D-Biogel - 3D and 4D Bioprinting: Additive Manufacturing of Smart 

Biodegradable Hydrogels (263k€)

Other 2 grants from NSF explore the field as early as 2015.

Most active organisations in 4D Printing [2] 

Pennsylvania State University
researchers study feasibility of 4D 
Printing with wood composites for
architectural applications. + info



The NSF takes the lead

It has granted $0,9M for DEUS Collaborative Research, which aims to 
develop a cyber interconnection scheme that enables data delivery from
underwater sensors to the surface station with autonomous underwater
vehicles and advanced magnetic-induction antenna design. +info 

$400K to PFI project for enabling reliable wireless communications. It aims to 
increasing information data rates by an order of magnitude over existing
technologies, and $400K to a FET-like research that will develop distributed
electro-mechanical transmitters for wireless communications in radio frequency
denied environments. It will lay the first theoretical groundwork for the precise 
control of networked high-speed machines.

In the UK, Durham University and the National Oceanography Center have
received $656K to design and field test a new generation of low-cost smart
sensors, which return data without expensive surface vessels; via pop-up floats
and satellite links. +info

The face of promising research:
Yahong Rosa Zheng, Electrical and Computer

Engineering Prof. at Lehigh University +info

Paolo Casari, Research Assistant Prof at IMDEA 

Networks +info

Other promising research: 

EC-funded Oceanid project aims to commercialise
a system for cost-efficient ocean-bottom data 
acquisition via a network of retrievable and fully 
autonomous underwater vehicles (AUVs) and a 
novel wireless power and data transmission 
system. +info

Futuristic Scenarios

Smart dust for large-scale underwater wireless sensing
Underwater smartdust technology will transform underwater 
sensor networks to allow long term monitoring with high 
spatial resolution, frequent updates and near real-time data 
delivery. +info

It is now very easy to get vast amounts of data from one side of 
an ocean to another; but it is hard to get even modest amounts of 
data out from the ocean itself. A new infrastructure is needed to 
enable sensors at sea to transfer their data back to land.



Ocean Wiring and 
Sensing
Activity has been exponentially increasing since 2014, and it is
expected to keep growing.

Number of records in Ocean Wiring and Sensing [1] 

Public Funding for Ocean Wiring and Sensing [1] 

[1]Source Linknovate: http://bit.ly/OceanWiring
[2] Source Linknovate: http://bit.ly/Linknovate_GrantsQCML

Top active organizations in the activity ranking are (surprisingly) companies, such as 
Infinera, Seabed Geosolutions and OceanPowerTech, with patents and specialised
news appearance. Nonetheless the organisations attracting the most public funding
are Universities from the United States, the French CEA and the Norwegian NUST.

Most active organizations in Ocean Wiring and Sensing[1] 

Active key-players in terms of public funding (grants) [2] 

Saildrone’s wants to have a thousand of its little
craft sailing the oceans by 2021 to track fish and 
pick up pollutants, analyse carbon-dioxide and 
oxygen concentrations in the water, record the
height of the waves and the speed of undersea
currents, feel variations in the magnetic field. + info



Highlights:

MIT’s Jarillo-Herrero team has turned graphene into a superconductor by
placing one sheet of graphene over another and rotating the other sheet to a 
special orientation, a twist that changes the bilayer’s properties. +info 

In EC funded TWISTM, the Free University of Berlin and Columbia University
will join to unravel the most fundamental properties of unexplored graphene-
and transition metal dichalcogenide-based bilayers arising from many-body
interactions. +info 

The Imperial College has received a research grant from EPSRC to develop a 
method to calculate phase diagrams of twisted bilayer materials as a function
of doping, temperature and twist angle. The aim is to guide experimental 
efforts in the direction of the most promising candidate systems. +info

The face of promising research:
Mikhail Eremets, Prof. at the Max Planck Institute for

Chemistry +info

Pablo Jarillo-Herrero, Prof of Physics at the MIT

+info

Andrew Mackenzie, Director of Physics at the Max 

Planck Institute +info.

Other promising research: 

University of Glasgow’s Bendable Electronics and 
Sensing Technologies (BEST) group is targeting 
the mega industries of video screens and health 
devices with its new research, which has 
managed to affordably “print” high-mobility 
semiconductor nanowires onto flexible surfaces 
to develop high-performance ultrathin electronic 
layers. +info

GOAL: If it could be achieved, so-called room-temperature 
superconductivity, above 0 degrees Celsius, would revolutionise
electrical efficiency, vastly improving power grids, high-speed data 
transfer, and electrical motors, to name a few potential applications. 

Futuristic Scenarios

High-Temperature Superconductors could be used to 
levitate trains and produce astonishing accelerations, also 
in power plants, replacing conventional methods which 
spin turbines in magnetic fields to generate electricity; and 
in quantum computers as the two-level system required 
for a “qubit,” in which the zeros and ones are replaced by 
current flowing clockwise or counterclockwise in a 
superconductor. +info



High Temperature
Superconductivity & 
Twist Electronics
When it comes to funding invested in the technology (both public
and private), the US takes the lead.

Number of records in Twisted electronics [1] 

Public Funding awarded to Twisted Electronics since 2010 [1] 

[1]Source Linknovate: http://bit.ly/twistedelectrons
[2] Source Linknovate: http://bit.ly/HTSuperconductors
[3] Source Linknovate: http://bit.ly/twistelectronsuni

USA universities are the most active in the field, monopolizing 17 out of 20 positions 

in the rankings. The remaining three are british organizations.

Most active universities in High-Temperature Superconductors [2] 

Most active universities in Twisted Electronics [3] 



Highlights: Relevant Grants in Europe

Finished in 2018, COMPOSE Project researched the fabrication of 3D 
optical metamaterials to realize a material that exhibits a negative refractive
index in the visible optical spectrum. +info

The University of Bristol has received €1.2M from the EPSRC to reveal the
biophysics behind metamaterials for enhanced noise control technology. 
+info

EC funded PHONOMETA Project will explore novel properties of sound and 
the ability to design Parity-Time symmetric systems that define a consistent
unitary extension of quantum mechanics. +info

The face of promising research:
Sir John Pendry, Prof. of theoretical solid state

physics at Imperial College London +info

Jeremy J. Baumberg, Prof. of Nanoscience at Univ. 

Cambridge. +info

Other promising research: 

A team of South Korean researchers has developed 
an AI capable of designing new metamaterials with 
specific optical properties. +info

Futuristic Scenarios

Scientists at KTH Royal Institute of Technology in 
Stockholm have invented a biodegradable transparent 
wood. +info

Metamaterials are essentially artificially structured, man-made 
materials, where instead of using naturally occurring atoms and 
molecules, own sub-wavelength structures are defined. 



Metamaterials
Cloaking
Activity in Invisible Metamaterials has remained steady in the last
decade, however, it seems it will peak in 2019.

Number of records in Invisible Metamaterials [1] 

Public Funding awarded to Invisible Metamaterials since 2010 [1] 

[1]Source Linknovate: http://bit.ly/LNKInvisibleMetamaterials

Most organizations belong to Academia (Universities and Research Institutes), 
which is an indicator of the embrionary state of this technology.

Top active organizations in Invisible Metamaterials [1] 

Artificial intelligence designs metamaterials
used in the invisibility cloak
Researchers at POSTECH have developed a 
design with a higher degree of freedom that
allows researchers to choose materials and 
design photonic structures arbitrarily by using
deep learning. + info



Highlights:

The concept originated in 2012 with physicist Frank Wilczek, Nobel laureate
and currently a professor at the MIT.

In 2017, non-equilibrium time crystals were demonstrated for the first time in 
the lab. The University of Maryland used a chain of ytterbium ions, and a 
Harvard-Princeton team used an experimental setup that involved creating
an artificial lattice in a synthetic diamond. Both teams have published its
work in Nature.

Main applications in Quantum Computing, as time crystals may store stable
qubits of information.

EC funded NOQUIA project will design and analyze quantum neural network
devices that will employ topological Floquet and time-crystal states to 
achieve robust quantum memory. +info

Nottingham and Cambridge Universities have received funding from GTR to 
understand and establish connections between non-equilibrium quantum 
many-body systems. +info

The face of promising research: 
Roderich Moessner, Director and Scientific
Member at the Max Planck Institute +info
Shivaji Sondhi, Prof. of Physics at Princeton. 
+info

Ordinary crystals consist of atoms or molecules arranged 
regularly in space. In time crystals, atoms are arranged in 
patterns not only in space, but also exhibit a periodicity in time.

Futuristic Scenarios

A joint team from Krakow’s Jagiellonian University and 
Swinburne University of Technology aims to show that 
solid-state physics can be observed in the time domain, a 
completely new area of science. A new study (2019) from 
Aalto University in Finland has offered new evidence of 
their physical viability +info

Other promising research: 

Alfred Shapere, Prof at Univ. Kentukcy (USA), and 
Norman Yao, Assistant Prof. at UC Berkeley. 
DARPA’s DRINQS program aims to determine 
and demonstrate what protocols can optimally 
enhance quantum coherence in driven systems. 
+info



Time Crystals

Even though Time Crystals is still a niche topic, activity is growing
fast.

Number of records in Time Crystals [1] 

Public Funding awarded to Time Crystals since 2010 (grants) [1] 

[1]Source Linknovate: http://bit.ly/EntergyWater

Microsoft’s activity in the topic is related to its applications in quantum computing, 

and is collaborating with the University of California Santa Barbara.

Most active organizations in Time Crystals [1]

Leading countries in Time Crystals [1]



Highlights: Public Funding

According to EC reports, Europe's position as a global leader in the 
automotive market is being seriously challenged by the transition to electro-
mobility in which batteries are estimated to count for up to 40% of the value 
of the car. The battery market is clearly strategic for Europe. It is an 
industrial and economic opportunity, with the possible creation of 4-5 million 
jobs. Today, it is dominated by Li-ion technology from Asia.

Batteries outlook for 2030 have sky-rocketed to $100B for Li-ion batteries alone, 
and continuously being updated and corrected upwards. New approaches for 
new more reliable, more durable batteries are a fertile land for disruptions. Self-
healing batteries belong to this land.

The face of promising research: 
Dr. Donghee Son, Senior Research Scientist at 

Korea Institute of Science and Technology +info

John W.F. To, from Stanford +info

Other promising research: 

SLAC and Stanford University (Prof. Zhenan Bao, 
Prof. Y. Cui), Univ. Tokyo (Prof. Atsuo Yamada), UC 
San Diego and in the industry: GM, Robert Bosch 
GmbH and Tata Technologies.

Futuristic Scenarios

Electronic skin devices capable of monitoring 
physiological signals and displaying feedback 
information through closed-loop communication 
between the user and electronics are being considered 
for next-gen wearables and IoT. Such devices need to 
be ultrathin. Recently, self-healing chemistry has driven 
important advances in deformable and reconfigurable 
electronics, particularly with self-healable electrodes as 
the key enabler. +info sources

GOAL: To develop ultra-performing, safe and sustainable 
batteries which will be essential for electric vehicles and clean 
mobility, renewable energy storage and a range of emerging 
applications (including robotics, medical devices, aerospace and 
many more). 



Self-healing batteries
Funding activity mainly in US (peak of $12M in 2014) and UK in 
2013 and 2017 (over $14M total at regional level) Grants at a 
broader level, in “self-healing and self-repairing materials”, shows 
bigger numbers, with EU in the mix.

Public Funding awarded in self-healing and self-healing batteries (grants) [1] 

Evolution of Public Funding in self-healing batteries [1] 

[1]Source Linknovate: http://bit.ly/SelfHealingBatteries_grants
[2] Source Linknovate: http://bit.ly/SelfHealingBattery

WOLVERINE-INSPIRED MATERIAL
Wolverine like materials (from X-Men), inspired 
scientists to develop self-healing powers, and 
highly stretchable conductive material that could 
be electrically activated to power artificial muscles 
and also improve batteries, electronic devices 
and robots, such as the team at UC Riverside. 
+info 

Highlighted companies: Foundations in 2012 in Urbana Champaign and 

Northwestern University (Chicago area Universities), around Autonomic restoration 

of electrical conductivity 

Most active organisations in Self-healing batteries[2] 

Number of records in Self-healing batteries [2] 



Highlights

Nuclear fusion power — harnessing the power of the stars here on Earth — has long 
been seen as the ultimate fix for Earth’s energy woes. The expansion to private 
ventures sets new stones for the technology roadmap: Founders of new startups and 
other stakeholders are convinced “Fusion will not always be 30 years away”. It may 
seem as if Fusion is poised for a “SpaceX moment”.

2 main research facilities: 
$438M Joint European Torus (JET) facility near Oxford, England, has achieved only 
brief bursts of fusion energy. 
The even bigger International Thermonuclear Experimental Reactor (ITER) near 
Toulouse, France — $14B — is still under construction.+info

The face of promising research:
Dennis Whyte, MIT Whyte Labs +info
Michl Binderbauer from TAE Systems +info
Michel Laberge from General Fusion +info

Other promising research: Companies are 
launching a new wave of patent applications 
in 2017-2019, which makes sense if they think 
they can help protect IP in the 20-year time 
window, meaning they can achieve 
operability in less than that timeframe.

General Fusion (Canada), TAE Technologies 
(USA, CA), Tokamak energy (UK) +info +info

Futuristic Scenarios

General Fusion does not need to demonstrate fusion 
containment because they are pulsed power systems like a 
diesel engine or steampunk fusion.
Simulations will be used to validate the economics and 
design specifics to move to a 100%  system. The next 
system 
after the 70% scale system 
will be a full commercial 
system.

The Demo system will cost 
several hundred million 
dollars. General fusion is 
fundraising in 2019.

The implications are near limitless. Aside from the obvious 
benefits for combatting climate change, ending energy 
scarcity, and growing the global economy, nuclear fusion 
powr could also have applications for space travel and the 
defense industry. Source: Forbes



Nuclear Fusion 
Power

Organization-type prevalence in Nuclear Fusion Power[1]

[1] Source Linknovate: http://tiny.cc/zeropower

Top active organizations in nuclear fusion power [1]

Whyte’s lab had a fundamentally new approach to fusion and threw its weight behind 
their plan with an unusually public bet, spinning out a company to capitalize on it. An 
Italian oil company and private investors — including a firm funded by Bill Gates and 
Jeff Bezos — put at least $75 million into the company, known as Commonwealth 
Fusion Systems (CFS). The startup intends to demonstrate the workings of fusion 
power by 2025. +info

Number of records in Nuclear Fusion Power[1]

The topic shows stable activity peaking up in 2018 and 2019. It can 
be observed the increased activity from SMEs in the space.


