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| A bit about us

Dr. Andy Clifton

We are a spin-off of the Chair of Wind Co-Founder & CEO

energy of the University of Stuttgart.

Started out on gas turbines,
& detoured to avalanches and
mountain hydrology. In wind
energy RD&D since 2007 in
Canada, Switzerland, the
USA, and Germany.

We develop software that

& s user-friendly,

@ digitalises processes,

enviLonnect

',@\' contains our KNow-how:. Simple solutions for complex problems
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Overview

1. What digitalisation could do for wind energy
2. Digitalisation has an adoption problem
3. The Grand Challenges in the Digitalisation of Wind Energy

4. Action!

.. followed by discussions.
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Credits: Taxi photo by Marc Kleen on Unsplash
Scooter photo by Hello I'm Nik on Unsplash
Bike photo by nextbike on Unsplash

Digitalisation can refresh old ideas
or create new businesses

. could it do the same for wind energy?
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If digitalisation is so awesome,
why are we still
sending spreadsheets via email?
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Getting the community
perspective

Members of IEA Wind Task 43 held 44 semi-structured interviews in 2021-22

Head of Project
Engineering | CDO Founder Manager

Lead Data
Professor Scientist

Software Global Head
Engineering | of Machine | Director of Al
Researcher Learning programs | O&M Lead

Head of
Regional Project
Researcher Senior Researcher Development I Coordinator

5. What has been your best result and 12. Describe your vision of the 17. What's needed to
greatest disappointment about brave new world that is enable digitalization
digitalization efforts to date? digitalization in the future?
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| Our survey said...

Challenges Opportunities

W Research Organisations m Companies M Research Organisations  m Companies
100% 100%
90% 90% 86%
80% 80%
70% 70%
0 9 55% 56%
e 50% 50%  con 50% 60% ) ’
50% 0 50% 46% 44%
40% 40% 36%
30% 30%
20% 20%
10% 10%
0% 0%
Data Accessibility ~ Culture and Change Knowledge Sharing Data Accessibility Model Development Communication and
Management and "standardized Open Source

communication"
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Credits: phone photo by Mediamodifier on Unsplash. Corn photo by Jesse
Gardner on Unsplash. Cake photo by Anthony Espinosa on Unsplash

Learning from 1010 OO
Smartphones & loT o @ @é

Users experience apps and There are lots of layers of If you build it,
operating systems, not hardware services in one interaction they will come
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Bluetooth: cooperating to
create new markets

1089: Development of short-link radio technology for
headsets initiated at Ericsson Mobile

1997: Collaboration between Ericsson and IBM to
connect a phone & laptop; decide to create
open industry standard

1908 Bluetooth Special Interest Group formed by
Ericsson, Intel, Nokia, Toshiba and IBM

1099: First device revealed

2001: First phone and notebook with Bluetooth
go on sale

2009: 920 Million ICs with Bluetooth shipped
2017: 3.6 Billion Bluetooth devices shipped
2021: 4.7 Billion Bluetooth devices shipped

Coopetition: collaboration with

competitors for mutual benefit

enviConnect ‘ 1

The Grand Challenges in the Digitalisation of Wind Energy | DRC, 22 Feb 2023



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.7612786
https://unsplash.com/@builtbymath?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/photos/rblqmwB7kKk?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/@cdx2?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/photos/PDX_a_82obo?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

The Gran

New ideas for digitalisation are
trapped In a vicious cycle

d Challenges in the Digitalisation

Cant get

early users

of Wind Energy | DRC, 22 Feb 2023

Can't access
real data

Can't show
real-world
usage

Can't quantify
benefits
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1. Data: creating FAIR
data frameworks i ¢

IEdable Aooessible nteroperable Reusable Can access
| real data
O Gy o |
/ O ’-v

Can't show
real-world
usage

- Can't get
Give data metadata early users

Use community formats or schema

Store data in repositories or
exchange it on marketplaces

Provide data samples

Build APIs in to programs orweb
services to aid interconnections

Can't quantify
benefits

The Grand Challenges in the Digitalisation of Wind Energy | DRC, 22 Feb 2023
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2. Culture: connecting
people to data
to foster iInnovation

Businesses: Can access
e Commit to digitalisation real data

e Support diversity, equity, and
inclusion in all its forms

e Focus on stakeholder buy-in Can show

Can get real-world
early users
usage

Government:
o= Mitigate digital exclusion

e Fund open data and

benchmarking data sets Can quantify
benefits
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Coopetition: enabling
collaboration and
competition between
orgahnisations

Businesses: Can access
e Work together to create markets real data
e Simplify approval processes

e Share experiences

Can show

real-world
usage

Can reach
Government: more users

e Rethink dissemination of R&D

e Fund data markets while they grow
e Require public energy data Can quantify
e Fund real demonstration projects benefits
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| Closing thoughts

Questions to the audience;

1. Data: Do you know what data you
have?

2. Culture: Can your colleagues suggest
and develop new ideas?

3. Coopetition: Could you work together
with your biggest competitor to break
down data barriers?

Reach
more users

The Grand Challenges in the Digitalisation of Wind Energy | DRC, 22 Feb 2023 DOl 10.5281/zenodo.7612786

Access real
data

Show
real-world

usage

Quantify
benefits
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Abstract. The availability of large amounts of data is starting to impact how the wind energy community works. From turbine

design to plant layout, cti issioning, and mai and operati new p and busi models

are springing up. This is the process of digitalisation, and it promises imp d efficiency and greater insight, ultimately

leading to increased energy capture and significant savings for wind plant of thus reducing the }

d cost of energy.
5 Digitalisation is also i i h, where it is both easing and speeding up collaboration, as well as making research

results more accessible. This is the basis for innovations that can be taken up by end users. But digitalisation faces barriers.
This paper uses a literature survey and the results from an expert elicitation to identify three common industry-wide barriers
to the digitalisation of wind energy. Comparison with other networked industries and past and ongoing initiatives to foster
digitalisation show that these barriers can only be overcome by wide-reaching strategic efforts, and so we see these as “Grand

D O I 1 O 5 1 9 4/W e S - 2 O 2 2 T 2 9 10 Challenges™ in the digitalisation of wind energy. They are, first, the need to create reusable data frameworks; secondly, the
L] 1ah. 3 and (X h

need to connect people to data to foster innovation; and finally, the need to enable P

The Grand Chall thus include a mix of technical and cultural aspects that will need collaboration between
busi demia, and g to solve. Working to mitigate them is the beginning of a dynamic process that will

position wind energy as an essential part of a global clean energy future.
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enviConnect ‘ 1



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.7612786
https://doi.org/10.5194/wes-2022-29

Let's

connect!

67‘ This presentation is licensed
~ & under the Creative Commons
Attribution 4.0 International
(CC BY 4.0) license. Some

photos or graphics may be
subject to other licenses.

This presentation is archived on Zenodo,org.
Please check there for revisions or updates.
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Credits: Turbine photo by Tyler Collins on Unsplash
Money photo by Photo by |brahim Boran on Unsplash
Photos used under the unsplash license.

From digitisation to digitalisation

10111100
00110011
0110110600
11010101
10111011

Digitisation Digitalisation
Converting information Rethinking how things work, to
to digital forms take advantage of digitisation
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Digitalisation helps remove borders

. between physical scales

Global weather effects
(1000 km or more)

Mesoscale processes
(~100 to 1000 km)

Intraplant flows » .
(~1t0 100 km) N

%, Turbine dynamics
% (~Imto1km)

Electric systems dynamics

Illustration: Josh Bauer and Besiki Kazaishvilil, NREL. From “Grand challenges in the science of wind
energy", Veers et al,, Science, 2019. DOI: 10.1126/science.aau2027

The Grand Challenges in the Digitalisation of Wind Energy | DRC, 22 Feb 2023

. between disciplines

ed/direction >

. e
W Low-level
i jet stream

— Engineering
/ - Mechanical and aerospace Scienee
- Electrical - Physics
/ gl - Oceanography (offshore)
- Industrial and manufacturing
/ - Systems and control
—r

Turbine wakes

Atmospheric
boundary

Mathematics

- Statistics and data science

- Computational mathematics

- Computer science and engineering

Illustration: Josh Bauer, NREL. From “Grand challenges in the science of wind energy", Veers et al., Science, 2019. DOI: 10.1126/science.aau2027
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Market entry is usually difficult

Market

' : Part of the
penetration A Laggards landscape
Change-averse, “set
/in their ways”

Late majority
Sceptical, looking for
tried & test solutions.
Early majority
Followers, risk averse

/

Early adopters
Informed & reasoned
decisions

Innovators/
—Risk takers

The Grand Challenges in the Digitalisation of Wind Energy | DRC, 22 Feb 2023

New product

Time
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All new technologies go through
an adoption process

Market
penetration A

Financial
viability

/

Early adopters
Informed & reasoned
decisions
Innovators /
m __Risk takers
>

Time

enviConnect
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Later users look for more
certainty

Market - Part of the
penetration & Laggards landscape

Change-averse, “set
in their ways’

Late majority
Sceptical, looking for
tried & test solutions.
Early majority
Followers, risk averse

/

Early adopters
Informed & reasoned
decisions

Innovators/

—Risk takers

Time

enviConnect
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The Grand Challenges in the
Science of Wind Energy (2019)

Fundamental & foundational scientific challenges

that need sector-wide collaboration
to investigate and mitigate

|dentified at an IEA Wind Topical Expert Meeting and after

1.

Improved understanding of atmospheric
and wind power plant flow physics
Aerodynamics, structural dynamics, and offshore wind
hydrodynamics of enlarged wind turbines

Systems science for integration of wind power plants
into the future electricity grid

Find out more: DOI 10.1126/science.aau2027

RESEARCH

VIEW SUM

RENEWABLE ENERGY

Grand challenges in the science of wind energy

Paul Veers*, Katherine Dykes*, Eric Lantz", Stephan Barth, Cario L. Bottasso, Ola Carlsen,
Androw Clifton, Johney Groen, Peter Green, Hannalo Holttinen. Daniol Laird, Ville Lettomaik,
Julle K. Lundquist, James Manwel, Melinda Marquis, Charles Meneveau, Patrick Morlarty,
Xabier Munduate, Michael Muskulus, Jonathan Naughton, Lucy Pas, Joshua Paquette,

Joachim Poinke, Amy Robertson, Javier Sanz Rodrigo, Anna Marla Sempraviva, J. Charles Smith,

Aidan Tuohy, Ryan Wiser

BACKGROUND: A growing global population

and an increasing demand for enengy services

are expected to result in substantially greater

deployment of clean energy sources. Wind en-

engy is already playing  role as & mainstream

saurve of electricity, driven by decades of sci-
e Glscoveryan

Global weather
(1000 km or more)

Infrapiart flows
(~1to 100 bm)

Additional research and explaration of design
options are needed to drive innovation to meet
future demand and functionality. The growing

search that must be addressed t enable wind
enengy to supply one-thind to ane-half, or even
mare, of the worlds electricity needs.

ADVANCES: Draswirsg from & recent internatioral
warkshop, we identify three grand challenges in
wind energy research that require further peog-
ress froe the scientific commurity: (i) impeoved
understanding of the phys-
s of atmospheric fow in
the eritical zone of wind
power plant operation,
(i) materials and system
dynamics of individual
wind turbines, and (iif)
optimization and control of fleets of wind
plants comprising hundreds of individual

worki sstically within the

scale and deployment expansion will, however,
push the technology into aress of both scien-
tific and engineering uncertainty. This Review
explores grand challenges in wind energy re-

soscale processes
(100103000 bm)

Turbios dyramics

Electric systems cyramics

(-1mto1hm) <
-‘ﬁ

Operation (1s - 1week) |Planning (1

mist be undérstood and managed.

Veers of al, Srience 366, 443 (2019) 25 October 2019

- The cascade of scales underlying wind energy sclentific grand challenges. Lergth scales from weather
ems ot & giobal leved down the Doundary kayer of a wind turbine aifoil and time
& fuctuations in weather to subsecond dynamic control and balancing of electrical generation and demand

caes from seasonal

larger electric grid system. These grand chal-
Jenges are interrelated, 30 progress in each do-
main must build on concurrent advances in the
ather two. Characterizing the wind powes plant
aperating zone in the stmasphere will be essen-
tial to designing the next generation of even-
larger wind turbines and achieving dynamic
control of the machines. Enhanced forecasting
of the nature of the atmospheric inflow will
subsequently enable control of the plant in the
manner necessary for grid suppart. These wind
energy science challenges bridge previously
separable geospatial and temporal scales that
extend from the physics of the atmasphere to
flexible aercelastic and mechanical systems
more than 200 m in dimeter and, ultimately,
10 the electrical integration with and support
for a continent-sized grid system.

OUTLOOK: Meeting the grand research chal-
lenges in wind energy science will enable the
wind power plant of the fature to supply many
of the anticipated electricity system needs at a
Jow cost. The interdependence of the grand chal-
lenges requires expansion of integrated and
cross-disciplinary research efforts. Methods for
handling and streamlining exchange of vast

q discipli
(both experimental and computational) will also
be crucial to enabling successful integrated
research. Moreover, research in fields rdated
to computational and data scence will sup-
port the research community in seeking to fur-
ther integrate models and data across scales
and disciplines, ®

The et of sethor o¥kssorn = motie o the il 33ce orkre
author, Emait pasl v

Kagyidtude (K.0.); aric larte@eretgos (EL)

Cite this artice as P. Veers ot o, Scance 386, saau02]

(2019 DO 101126/ schmace 2027

TOMORROW'S EARTH
Read more artcks onine
at somag/TomormowsEarth

lof1
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Global weather effects
(1000 km or more)

Grand Challenges
Cross many scales

Mesoscale processes
(~100 to 1000 km)

“The cascade of scales underlying wind energy
scientific grand challenges.

Length scales from weather systems at a global
level down the boundary layer of a wind turbine
airfoil and time scales from seasonal fluctuations in At
weather to subsecond dynamic control and

balancing of electrical generation and demand
must be understood and managed. S e,

% (~1mtolkm)
ILLUSTRATION: JOSH BAUER AND BESIKI KAZAISHVILI, NREL” :

Electric systems dynamics

From “Grand challenges in the science of wind energy”, Veers et al.,
Science, 2019. DOI: 10.1126/science.aau2027

Pt \\\x/

Stability (1 ps - 1s) Operation (1s - 1 week)  |Planning (1 month - 1 decade)

2
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Addressing the Grand Challenges means

Integrating many disciplines

og/directio™ 7

e

4 — Engineering
- Mechanical and aerospace
- Electrical

- Civil
- Industrial and manufacturin
el

Low-level
jet stream

Science
- Physics

- Oceanography (offshore)
: logy

- Systems and controls -

urbine wakes

Atmospheric

boundary -J/

Mathematics

- Statistics and data science

- Computational mathematics

- Computer science and engineering

The Grand Challenges in the Digitalisation of Wind Energy | DRC, 22 Feb 2023
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A spectrum of science, engineering, and
mathematics disciplines that, if integrated,
can comprehensively address the grand

challenges in wind energy science.
ILLUSTRATION: JOSH BAUER, NREL

From “Grand challenges in the science of wind energy’,
Veers et al., Science, 2019. DOI: 10.1126/science.aau2027
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The Grand Challenges mirror the
development of wind energy

The Generations Build on One Another

Generation 4
Future Energy System

Generation 3

< | ThePlantand the Grid

£

(=2}

=

8 Generation 2

E The Wind Turbine System Low-Cost
Wind Turbines
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The Grand Challenges in the Digitalisation of Wind Energy | DRC, 22 Feb 2023

To reach this

future vision,
Carbon-Free
Energy the grand challenges
need to fill this
massive gap!
Grid-Forming ~ And
Hybrid Plants - Others
Social Floating And
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Atmosphere mé"?; m.e ma i
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“The generations of wind energy
development. Each generation’s
achievements expanded wind energy’s
impact (shown in the blue boxes on the
left); however, in moving quickly from
generation to generation, some underlying
science was left unresolved (shown in the
white boxes on the right)”

From “Grand Challenges: wind energy research needs
for a global energy transition”, Veers et al., Wind Energy
Science, 2022. DOI: 10.5194/wes-7-2491-2022
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