
https://doi.org/10.1016/j.rser.2019.109270
https://orbit.dtu.dk/en/publications/5c17e320-b495-424a-93c0-59aeab306e65
https://doi.org/10.1016/j.rser.2019.109270


Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

Future emerging technologies in the wind power sector: A European
perspective
Simon Watsona,∗, Alberto Morob, Vera Reisb, Charalampos Baniotopoulosc, Stephan Barthd,
Gianni Bartolie, Florian Bauerf, Elisa Boelmanb, Dennis Bosseg, Antonello Cherubinih,
Alessandro Crocei, Lorenzo Fagianoi, Marco Fontanaj, Adrian Gambierk, Konstantinos Gkoumasb,
Christopher Golightlyl,1, Mikel Iribas Latourm, Peter Jamiesonn, John Kaldelliso,
Andrew Macdonaldp, Jimmy Murphyq, Michael Muskulusr, Francesco Petrinis, Luca Pigolottie,
Flemming Rasmussent, Philippe Schildu, Roland Schmehla, Nafsika Stavridouc, John Tandev,
Nigel Taylorb, Thomas Telsnigb, Ryan Wiserw
a Delft University of Technology, Wind Energy Section, Faculty of Aerospace Engineering, Delft, 2629, HS, the Netherlands
b European Commission, Joint Research Centre, Ispra, Italy
cUniversity of Birmingham, UK
d Centre for Wind Energy Research ForWind, Oldenburg, Germany
eUniversity of Florence, Italy
f Technical University of Munich, Germany
g RWTH – Center for Wind Power Drives, RWTH, Aachen University, Germany
h Sant’Anna University of Pisa, Department of Civil and Industrial Engineering, Italy
i Politecnico di Milano, Dipartimento di Scienze e Tecnologie Aerospaziali, Italy
jUniversità degli Studi di Trento, Department of Industrial Engineering, Italy
k Fraunhofer IWES, Bremerhaven, Germany
l Brussels, Belgium
m Centro Nacional de Energías Renovables (CENER), Spain
nUniversity of Strathclyde, UK
oUniversity of West Attica, Greece
pOffshore Renewable Energy Catapult, UK
qUniversity College Cork, Ireland
rNorwegian University of Science and Technology, Norway
s Sapienza Universita’ di Roma, Italy
t Technical University of Denmark, Denmark
u European Commission, DG RTD, Brussels, Belgium
v SINTEF Energy Research AS, Norway
w Lawrence Berkeley National Laboratory (LBL), USA

A R T I C L E I N F O

Keywords:
Wind power
Wind energy
Emerging technology
Technology readiness level
Renewable energy

A B S T R A C T

This paper represents an expert view from Europe of future emerging technologies within the wind energy sector
considering their potential, challenges, applications and technology readiness and how they might evolve in the
coming years. These technologies were identified as originating primarily from the academic sector, some start-
up companies and a few larger industrial entities. The following areas were considered: airborne wind energy,
offshore floating concepts, smart rotors, wind-induced energy harvesting devices, blade tip-mounted rotors,
unconventional power transmission systems, multi-rotor turbines, alternative support structures, modular high
voltage direct current generators, innovative blade manufacturing techniques, diffuser-augmented turbines and
small turbine technologies. The future role of advanced multiscale modelling and data availability is also con-
sidered. This expert review has highlighted that more research will be required to realise many of these emerging
technologies. However, there is a need to identify synergies between fundamental and industrial research by
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