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Offshore wind is vital for reaching climate targets

v Currently small compared to

onshore wind, but in strong growth Stern Review (2006):
..strong, early action on

v Potential to supply 192 800 TWhly, climate change far outweigh
.e. ~8 times the global el the costs of not acting.
generation in 2014

v' Can be deployed in proximity to
big urban centres

v Provide long-term security of
supply of clean energy

v' Create new employment and
iIndustries

v' Low negative environmental
impact (WWF)

Arent, D. et al (2012) Improved Offshore Wind Resource Assessment in Global Climate Stabilization Scenarios. Technical Report. NREL/TP-6A20-55049
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A great science and engineering challenge!
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Exciting development of floating wind

Hywind Scotland 2017

Hywind Norway 2009




Moving towards an North-Sea offshore grid
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Offshore wind is approaching grid parity

Ficure 39: HistoricaL orrsHORE WIND LCOE BY PROJECT AND PROJECTIONS TO 2025
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700 MW, Dong, 5 July 2016
v' 63.8 EUR/MWHh; Vesterhav DK,
350 MW, Vattenfall, 12 Sep 2016

v’ 49.9 EUR/MWh; Kriegers Flak DK,
http://www.irena.org/DocumentDownloads/Publications/IRENA_Power_to_Change_2016.pdf 600 MW, Vattenfall, 9 Nov 2016

Source: IRENA Renewable Cost Database and IRENA, 2016b.
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NOWITECH In brief

>

>

A joint pre-competitive
research effort

Focus on deep offshore wind
technology (+30 m)

Budget (2009-2017)
EUR 40 millions

Co-financed by the Research
Council of Norway, industry
and research partners

25 PhD/post doc grants

Key target: innovations
reducing cost of energy from
offshore wind

Vision:
= |arge scale deployment
* internationally leading

Resear
» SINT

partners:
Energy (host)

» SINTEF
» SINTEFMC

VA

Associated research
partners:

» DTU Wind Energy
Michigan Tech Uni.
MIT

NREL

Fraunhofer IWES
Wni.Strathclyde

TU Delft

Nanyang TU
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Industry partners:
» CD-adapco
» DNV GL

» Norsk Automatisering
» Statkraft
» Statoil

Associated industry
partners:

» Devold AMT AS
Energy Norway
Enova S
Innovation Norway
NCEI

NORWEA

NVE

wind Cluster Norway
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Offshore wind LCOE

NOWITECH focus

Offshore wind has cost reduction opportunities
in multiple areas including scale effects

Turbines & plant

2 Larger turbines and =
wind farms
. Increased reliability

= Scale effects and
industrialisation

Substructures

Standardised and
optimised offshore
foundation design and
design criteria
Industrialised
manufacturing

Transmission

O&M

eBoP optimisation of
substation and
transmission capex
Innovative
transmission solutions

Improved grid access

Low OPEX drivetrains
Turbine and
component quality
Condition monitoring,
diagnostics, preventive
maintenance

Source: Siemens, MHI-Vestas, MA&E

energy Insight’
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NOWITECH is producing excellent results

Successful innovations Excellence in research  Strong educational program
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O Innovations In progress

s _?s"

Commercial grade rotor CFD
TRL5

Variational Multiscale Error
Estimator
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CFD simulation
TRLS
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Gearbox fault detection Routing and scheduling Buckling resistant blades
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Control of mu!

Fatigue damage simulation i Wind Supply to Oil & Gas

Wind turbine electrical PM generator magnetic Wind farm collection grid Wideband model of wind farm
interaction vibrations optimization collection grid
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Results are migrating to commercial use

v" Atotal of 40 results are
assigned a Technology
Readiness Level (TRL)

v" The results include new
methods, software tools
and hardware products

v The results are migrating
to commercial use,

licence agreements, and

business developments
providing value creation
and cost reductions.
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An attractive partner on the international scene

» Active in EERA, ETIPwind, EAWE, IEA, IEC

» Heading offshore works within EERA JPwind
» Steering Committee member of ETIPwind
>

Partner in EU projects, e.g.: Twenties (2009-), DeepWind (2010-),
HiPRWind (2010-), EERA-DTOC (2012-), InnWind (2012-),
WindScanner (2012-), LeanWind (2014-), EERA IRP wind (2014-),
BestPaths (2014-) , Lifes50+ (2015-), AWESOME (2015-),

+ more in preparation!
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Life after NOWITECH?

v Will be great ©

v Excellent project portfolio
v’ Strong continued engagement

v Generating new knowledge,
tools and innovations making
offshore wind better

v’ Creating value for clients and
society as a whole

v Contribute to reaching climate
targets
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OPWIND (2017-2020)

To develop knowledge and tools for optimized operation and control of
wind power plants, reducing costs and increasing profitability.

Extra Project Synergies

NOWITECH FSI-WT

-

Real time models

WP1: STAS WPP dynamic model || WP2: SIMRA Wind flow model

./

A 2

Cost models to prioritize between control objectives:
* Maximize energy yield

*  Minimize O&M costs

* Power system services

WP3: WPP Control

Energy price

Grid demands
OPWIND

Turbine set-points

AVINCR FoU

(STAS) — (Aerodynamics) —

(SIMRA)

Wind conditions
WPP conditions

Wind Power Plant (WPP)

SINTEF ICT SINTEF ENERGY

NTNU

14

New knowledge building
| project granted by the
I Research Council of Norway




And now, a moment of zen ©

400’000 Mw ----------------------------------------------------------------------------------------------------------------------------------------------------------- 369 59 7

T oot RN AN AR _
00 0000 0055wy sessmoess e 708 8 3 0 S B A O S RS 283,132 -

e e e e e 238435 ...

200000 Eesr s Sermanant et sl et e e e s e B S e e R e e e e UL Pt ol Tt 197,943 N

159,079

T N —
e 4}555”“5‘9‘59-; 30 I I I

50,000 .o 23,900 31,100 39431 40U oy

1997 1998 1999 2000 2001 2002 2003 2004 2005 2007 2010 2011 2012 2013 2014

Source: GWEC

NOWlTECH Norwegian Research Centre for Offshore Wind Technology



We make it possi let

www.NOWITECH.no
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