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Background for the project

-

 The UpWind project completed in Feb 2011 produced many results on
the technologies required for the next generation 10-20MW wind
turbine.

e The UpWind project examined conventional 3 bladed upwind turbines.

 Moving deeper offshore, the need is to design and manufacture large
wind turbines that are specifically designed to operate in deeper,
farther offshore sites.

 This project INNWIND.EU will use the results from UpWind, but will go
beyond the three bladed conventional wind turbine to conceptualize,
Prioritize and put forth to the market the best innovations for offshore
wind turbines.




Question 2008: Will upscaling continue?
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UpWind organisation
Integrate

with 15 technical and scientific work packages
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2 Aerodynamics & aero-elastics
3 Rotor structure and materials

4 Foundations & support structures

5 Control systems l
6 Remote sensing l
7 Conditioning monitoring

8 Flow l
9 Electrical grid

10 Management

1A.1 1A.2 1A.3 1B.1 1B.2 1B.3 1B.4

Scientific integration Technology integration
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«39 participants

11 EU countries

* 10 research institutes

e 11 universities

e 7 turbine & component manufacturers
* 6 consultants & suppliers

e 2 wind farm developers

2 standardization bureaus

e 1 branch organisation




UpWind:

Overall result from cost functions

Up scaling — levelised cost

levelised ct
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O O&M: retrofit
O O&M; spare parts
&M; equip

B O&M; crews

O Installation;€lectric infrastruc

transmission

stallation; electric infrastructure,
collection

O Installation; wind turbine including
foundation
B Hardware; electric infrastructure

O Hardware; tower and foundation

[ Hardware; rotor nacelle assembly

o evelised cost /increases
with scale

* Reasons:

— Rotor and nacelle
costs scale ~s3 ()

i~ — Spare parts costs

follow

*Cost of energy over lifetime
increase more than 20 % for
increasing the Wind Turbine size
from 5 to 20 MW so the power

law for the rotor




Economical viability of 20MW W/Ts
Case study: Blades

PAST [ FUTURE

GI-P HLU GI-P RI GIl-Ep RI GI-Ep Prep  GI-C Hybrid 1 GI-C Hybrid 2|[New Tech1 New Tech2 New Tech 3
Single Step r(t)/r(t-1) 1,00 0,59 0,79 0,93 0,86 0,87" 0,93 0,93 0,93
Cummulative r(t) 1,00 0,59 0,47 0,44 0,38 0,33 0,31 0,28 0,26
Single Step a(t)/a(t-1) 1,00 1,08 1,08 1,10 1,10 1,00 1,03 1,03 1,03
Cummulative a(t)/a(t0) 1,00 1,08 1,17 1,28 1,41 1,41 1,45 1,50 1,54
WT Power (MW) Rotor Radius (m) Mass (tn) Mass (tn) Mass (tn) Mass (tn) Mass (tn) Mass (tn) Mass (tn) Mass (tn) Mass (tn)
0,125 10 0,25 0,15 0,12 0,11 0,09 0,08 0,08 0,07 0,07
0,281 15 0,85 0,50 0,40 0,37 0,32 0,28 0,26 0,24 0,22
0,500 20 2,00 1,19 0,94 0,88 0,76 0,66 0,61 0,57 0,53
0,781 25 3,91 2,33 1,84 1,71 1,48 1,28 1,19 1,11 1,03
1,125 30 6,76 4,02 3,17 2,96 2,55 2,22 2,06 1,92 1,78
1,531 35 10,74 6,39 5,04 4,70 4,05 3,562 3,28 3,05 2,83
2,000 40 16,02 9,53 7,52 7,01 6,04 5,26 4,89 4,55 4,23
2,531 45 22,82 13,57 10,71 9,99 8,60 7,49 6,96 6,48 6,02
3,125 50 31,30 18,62 14,70 13,70 11,80 10,27 9,55 8,88 8,26
3,781 55 41,66 24,78 19,56 18,23 15,71 13,67 12,71 11,82 11,00
4,500 60 54,08 32,17 25,40 23,67 20,39 17,75 16,51 15,35 14,28
5,281 65 68,76 40,90 32,29 30,09 25,93 22,57 20,99 19,52 18,15
6,125 70 51,09 40,33 37,58 32,38 28,19 26,21 24,38 22,67
7,031 75 62,84 49,60 46,23 39,83 34,67 32,24 29,98 27,89
8,000 80 76,26 60,20 56,10 48,34 42,07 39,13 36,39 33,84
9,031 85 72,20 67,29 57,98 50,47 46,93 43,65 40,59
10,125 90 79,88 68,82 59,91 55,71 51,81 48,19
11,281 95 93,95 80,94 70,45 65,52 60,94 56,67
12,500 100 94,40 82,18 76,42 71,07 66,10
13,781 105! 109,29 95,13 88,47 82,28 76,52
15,125 110 125,65 109,38 101,72 94,60 87,98
16,531 115 124,98 116,23 108,09 100,53
18,000 120 142,00 132,06 122,81 114,22
19,531 125 160,50 149,26 138,81 129,10
21,125 130! 180,54 167,90 156,15 145,22
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Overall UpWind results:
Case study: Blades - technology evolution with size

Innovations d"rive cost down in the past

Technology Evolution with Blade Size
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INNWIND.EU

an EERA project




EERA Project - procedure

-

e Qverall project description

e Coordinator and core group

e (Call for expression of interest to all EERA members

e EXxpression of interest send to core group

e Core group makes project proposal

e Project proposal approved by EERA Wind management




Key Objectives

R

1. Beat the cubic law of weight (and cost) of classical up scaling and
render a 10-20 MW offshore design cost-effective.

2. Develop innovative turbine concepts, performance indicators and
design targets and assess the performance of components and
integrated conceptual designs.

3. Development of new modeling tools capable of analyzing 20MW
innovative turbine systems.

4. Integrate the design, manufacturing, installation, operation and
decommissioning of support structure and rotor-nacelle assembly in
order to optimize the structure and life-cycle as a whole.

5. Establish effective communications channels in the co-ordination of all
project activities between the partners and dissemination of the
knowledge gained.




Proposal Time line 2013

First core group meeting Jan 24th
Preliminary budget and partner template Jan 26th
Confirmation from all partners and feedback
with deliverables Feb 07th
Final decision on partners Feb 10th
First draft of stage 2 proposal Feb 16th
First meeting with all partners Feb 21st
Meet with EU consortium Rep Feb 24th
Second budget revision Feb 28th
Second draft of proposal March 5th
March
Second core group meeting 07th
March
Partners comments on second draft 20th
Final budget and proposal April 01st




Guidelines for the Proposal development

/—\

< Acore group decides in co-ordination with all partners
the details of the work packages.

« The underlying theme of the proposal is innovation in
design.

 There is no requirement for demonstration of an
Innovation.

« Entities that wish to demonstrate a component or sub
component should do so at their own expense.

o Each partner will commit to deliverables that can be
tracked on a yearly basis. It is possible for a deliverable
to be shared amongst partners.

 The proposal process must be transparent to
all partners.




INNWIND.EU Project Overview and Consortium

 |nnwind.eu started 1. October 2013 - long negotiation period

e 5 year project, 19.6M€ overall budget

e 27 Participating organizations

e 7 Leading wind energy industries, 19 leading
Universities/Research organizations, 1 trade institution

e Main Objectives:

— a light weight rotor having a combination of adaptive
characteristics from passive built-in geometrical and structural
couplings and active distributed smart sensing and control

— an innovative, low-weight, direct drive generator

— a standard mass-produced integrated tower and substructure
that simplifies and unifies turbine structural dynamic
characteristics at different water depths




Structure of the Project

_ ., _ o

Innovative large offshore wind turbine design

1. Component level innovations integrated into the wind turbine,
virtually tested and further developed.

2. Demonstrations of Innovations include super conducting
generators, pseudo magnetic drives and smart blades.

WP2: Light weight Rotor

WP3: Electro-Mechanical
Conversion

WP5: Dissemination,
Exploitation

WP1: Conceptual Design

WP4:. Offshore Support Structure

WPG6: Project Management




Work Package Overview WG1

Task Mame

12013 12014 12014 12016 2017 12018

InnWindEu_Jan2013
Conceptual Design WP1

External conditions Task 1.1
Database of exsting wind measurements at higher atmospheres. Subtask {1.1.1}
Modeling the extemnal condifions at high atmospheres subtask {112}
Assessment of Innovaticen at the Subsystems Level Task 1.2
Selection of Ple and target values. Subtask {1.2.1}
Methodology for Fls evaluation and cost models. Subtask {1.2.2}
Performance evaluation of selected concepts. Subtask {1.2.3}
Innowvation and assessment at the WT Level Task 1.3
Innovative turbine concepts. Subtask {1.3.1}
Supportive methodologies. Subtask {1.3.2}
Supportive methodologies. Subtask {1.3.2}
Integrated Innovative Concepts combined with Advanced Controls Task 1.4

Innovative measurements for control. Subtask {1 .4 1}

240102030401 0Q20304010203040102030401020304 010203 04|

S1&01.32

Control strategies. Subtask {1.4.2} D143
Cantification of turbine performance. Subtask {1.4.3} i D1.4.4
Partners
0 Q|
WP1 In Total 223|129 B 3|5 |v|3|e|2|2|s]| Pws
m c
m - Z | o |9 |23
18 11,5 29 11 39 155 8 15 6 13,5 26 8 425 22 265
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INNWIND Reference Wind Turbine

/—\'

« The INNWIND Reference
wind turbine is a 10MW
turbine designed at DTU
mounted on a jacket
structure designed by e
Rambgll at 50m water
depth.

e 3 Bladed Up wind,
Medium speed drive,
variable speed pitch e
controlled turbine




Reference Turbine Parameters

Rated Power [MW] 10
Mumber of blades [-] 3
| Rotor Diameter(m} | =~ 178.33]
Hub Height from m.s.l. [m] 119
Blade Length [m] 86,36
Rated Wind Speed [m/s] 11.5
Design Extreme Thrust Value [KMN] 4600

Optimal TSR [ 7.5
Sear Ratio [-] 50
Blade Mass [tons] a41.7
Hub Mass [tons] 105.5
Macelle mass [tons] 446
Tower mass [tons] 62584

Jacket Mass [Tons] 720
Transition piece mass [Tons] 400

Support by:




WP 1.3 - Innovation & Assessment at WT level

e ——

Subtask 1.3.1. Innovative turbine concepts e.g.

v' Designs aimed at a low (reduced) tower top mass, e.g.
> Lowered bedplate mass
» Two bladed down wind machines
> Lowered rated wind speeds
v' Turbines with innovative rotors, e.g.
» 2-bladed
» High rotor speed (to reduce torque in the drive train)
v More than 3 bladed (braced) rotors

v' Multi rotor concepts on single support structure.

Subtask 1.3.2. Supportive methodologies will be developed like:

v" methodology for support structure design assessment and WT integration
(in close cooperation with WP 4, a preliminary design process based on
parameterized support structure models will be implemented) and

v'a methodology and tool for integrated system reliability analysis of
mechanical, electrical and structural components for innovative wind
turbine systems.




New Innovations in the First Year

Kingpin Drive —
Superconducting
Generator in front
of the rotor

Magnetic Transmission

Passive, fixed ratio
gearing

Gurney Flap




Work Package Overview

Summary of first year objectives of WG 2:
e To investigate new aerodynamic rotor concepts and

 To benchmark the aerodynamic, aeroelastic and
structural design tools that will be used in the project by
the different partners for the evaluation of the innovative
designs.

e The preliminary investigation of the influence of
increased Reynolds number and compressibility effects




Summary of first year achievements

High tip speed low induction
rotors

Targets for dedicated airfoil
families

Downwind rotor concept, tower
wake influence, compressibility-
and high Reynolds number
effects

Comparison of the 3 bladed
10MW reference rotor to two-
bladed
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Figure 90: Response on the DEL at the tower bottom from different tower stifiness configurations. The grey
shaded area indicates the tower mode frequencies for the reference wind turbine. Simulations at 10 m/s, 1P
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Summary of first year achievements WG 2

f—

Structural
benchmark,
stiffness, strength
and buckling.

2D and 3D
Aerodynamic
benchmarking.

Aero-elastic
benchmarking

Torsion (Simple case)
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Work Package 3 Objectives

e Investigate innovative wind
turbine generator systems (SC
and PDD) that have the potential
to beat the cubic scaling law

e Pl for 10 and 20 MW reference
turbine for SC and PDD compared

to PMDD
e Pl
— Size, mass, cost
— Efficiency
— Energy yield using Weibul
distribution

— Cost of energy




Tasks & Partners

E———_—

3.1. Superconducting Direct Drive (DTU)

1. SCDD models (DTU, TUD)

2. Industrial demonstration of pole pair: 2G YBCO (Siemens, DTU)
3. MgB, coil demonstration (SINTEF, DTU)

3.2. Magnetic Pseudo Direct Drive (Magnomatics)

1. Analytical model and optimization of PDD (Sheffield)

2. Industrial demonstration of PDD (Magnomatics)

3.3. Power electronics (AAU)

1. PE tailored to SCDD & PDD (AAU, Hanover & StrathClyde)

2. New components and designs (Hanover, Strathclyde & AAU)
3.4. Mechanical integration in nacelle (TUD)

1. Nacelle design (Garrad Hassan)

2. Assessment of SCDD & PDD (TUD)

3. Mechanical support of SC coils (TUD)




First year objectives and achievements (D3.42)

S

Superconducting Generators

— Overview of performance indicators

— Model of MgB2 and YBCO

— Definition of demonstrators (MgB2 coil + YBCO pole pair)
Pseudo Direct Drive

— Overview of performance indicators

— Analytical optimization methods

— Definition of industrial demonstrator
Power Electronics

— Overview of converters suitable for SC and PDD

— Initial performance indicators (efficiency, THD)
Mechanical integration

— Nacelle concept defined




g

Power electronics32

SC design 311
SC properties *

Electrical gen. model
Low freq. & segment

Gen model &

- ] Faults
sizing
2G demo 312 In'feqrated desiqn_(l)
Demo & PI’s PI's, cost of capacity
MaB.. d 313 & cost of energy

gb, demo
Wire & Coil —

Ref. Turbine(1)
Speed. + Torque

wWind dist. (1)
Energy prod. Nacelle integra. 34

Blade design (2) \/7 Kin-pin design

Nacelle loads Int. & Loads !
Foundation (4&1)

Nacelle weight
Cost of weight? v




Direct drive trains

INNWIND LEAFLET www.innwind.eu



WG 4 TECHNOLOGY ROADMAP
BOTTOM-MOUNTED SUPPORT STRUCTURES

2013 2015 2017 2019 2021

1 Component _
¢ Innovations necessary O

development on details of structures

2 Subsystem
development

» Proof of concept in designs
* Scaled tests of innovative components

* Proof of designs in prototypes
» Real-scale tests of innovative
components

3 System
development

4 Commercial

« Large scale application on a cost-effective J>
application

level (30% lower LoCE than 2012) and for
deep water (40-50m) and large turbines
(>6MW)

Innwind:
» Transfer of results into

Innwind:

Innwind:

* Innovative joints and pipes « Evaluation through
implementation into a
reference jacket
» Scaled testing of new
materials and

foundations

(welded and hybrid)
* Soil-structure interaction
« load mitigation
» Novel foundations

upcoming prototypes of
innovative jackets
« Defintiion of real-scale tests
of novel foundations and
MECHELS
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WG 2 TECHNOLOGY ROADMAP
FLOATING SUPPORT STRUCTURES

e

2012 2016 2020 2024 2028

1 Component e Design methods and

development standards
P e Concept development

e Control strategies for FWT

2 Subsystem
development

 Wave tank tests
e Tool and model
validations

3 System

* Prototypes of innovative
development 7z

designs

4 Commercial
application

* Large scale application on a cost- |
effective level (30% lower LoCE than |
2012) and large turbines (>6MW) |

Innwind: Innwind:
* Tests for method and tool « Transfer of floater design into a

Innwind:
» Definition of design methods and

standards, incl. designs tools
« Derivation of scaled test procedures
« Development of novel floating
concepts

validation prototype development through
* Evaluation of developed possible follow up projects and/or
floater concepts and through transfer of results into
derivation of optimal solution industry
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First Project Leaflet

Support by:

Project overview

The INNWIND.EU project
is about innovative
wind turbine design

It will:

~ Investigate and
demonsirate new designs
for 10-20 MW offshore
wind turines and thelr
COMpPonants.

« Develop methodologles
Tor assessing Innovative
subsystem and turbine
systam designs.

Introduction

Commercial offshore wind turbines are, curramtly, pre-
dominantly bottom fMxed, malnly through monoplle, tipod
or gravity based sub-structures In waters up to 40 me-
tras deop.

Moving Into waters 50 metres deep or more opens huge
opportunities for offshore wind power generatlon and Is
an Important stap In mesting Eurcpe’s offshors wind an-
orgy targets. Ensunng this Innovative technology’s rell-
aplity and cost-afMectiVenass raquires new atematives
to the comventlonal design of wind turbine componeants.

A previous EU-funded project, UPWIND (www.Upwind.eu),
damonstratad that the developmeant of largs wind tur-
bines (10 MW) IS tachnically Teasible DUt not yet cost-af-
Tactive, To devalop offshore wind Tarms In desp waltars
and furthiar fmom shora, It 12 mora cost-amaclant o install
turbines with a high rated capacity, 10 MW or more.

IMMWINCLEU will bulld on the UPWIND project to Increass
cost-sifectiveness of deep offshore wind farms by Investl-
gating and demonstrating new technologles.

5 MW refarancs Wind Turbine (WT) design

Modular blaoes, 1st generation active flow
controHest on small Ecale sdspthve blade

Up-scalng challenges and barrlers

Cormeantional Drive Traln optim isation =t

LOMW referance WT, 10 -20 MW offshone
WT deslgns

Inwestigate Innowvative concepts for WTs
and Key companant technologles
Application of UpwWind medeling tools an
oornporm'nn ard WT

EXplore symengles st componsnt and WT
kevel
Advenced active, passhee fiow contol

and new structural concepts. valldation
o 23 MW sdapthee rotar

ucthe and Magnetic Pseuda
Diract Drive Generatons valkdetsd through

(Radial ard transvers ux permansnt

dentied
TI.I‘:I::P?ES New modealing and design toals Tor
large WT
COMPONENTS ~ Ma3Enst- RFFM, TR

SIVINTH FRAMIWORK
RAMME

Monoplie optimisation and [ecket corcept
evalustion for deep sea

pratotypes

Steal and hybro-yps [Schet SUppOTt
Structures design, NoEters oesign for
10 MW honzontal and vertical axis wind
turbines

The project in more detail

IMMWINCLEL will Investigate and demonstrate Innoyative
deslgns Tor large wind turbines of rated capacitles be-
twaan 10 MW and 20 MW and thelr key components.

The project will also develop Methodologlas Tor 3SSass-
Ing Innovative dasigns at the turbine and subsystam lev-
als.

The Integratad wind turbine conoapt will ba Supportad by
Innovations and demonstratlions of the Key components
of the 20 MW wind turbine:

Lightweight direct drive generators

Suparconducting Direct Drive and magnetic Psau-
do Direct Drive (PFDD) generstors can offer high
shear stresses and, tharaby, more lIight welght and
compact machines compansd 1o comventional dl-
rect drive generators. Key performance Indicators
such as size, walght, eMclency and cost will gulda
the development of a 10-20 MW offshore tur-
binme by StAVING Tor decraasing the cost of anargy.
Damonstrations of down-scalad Suparconducting
poles and a8 PDD generator are also part of the
project.

Superconducting  direct
drive ganerator inbegrat-
ed in front of the turbine
rotor wsing the Hing-pin
nacale leyout (10 MW,

Magnetic Pseudo Direct
Drive gencrefor based
on &n megmted magh
netic dearbox and  @an
edectrical machine.

Lightweight rotor

with a combingtion of adap-
tiwe characterstics from pas-
slve bulltdn gecmetrical and
structural couplings and ac-
tve distributed smart sens-
Ing and control.

Integrated design

= Inmovative sub-structuras
with modular construction
Tor mass production;

- Avanced controls for load
mitgation;

- Watar depths of 50 m and
Deyond.

Standard mass-pro-
duced integrated tower
and substructure

SIMpIMANE anad unimying tur-
bire structural aynamic char-
actarstics at dirarant watar
depths.




Project Website

e http://www.innwind.eu
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. CONTACT

INNOVATIVE WIND CONVERSION SYSTEMS (10-20MW) FOR OFFSHORE APPLICATIONS

The proposed praject is an ambitious successor for the UpWind project, where the vision of a 20MW wind turbine was put forth with specific technology advances
that are required to make it happen. This project builds on the results from the UpWind project and will further utilize various national projects in different European
countries to accelerate the development of innovations that help realize the 20MVW wind turbine. DTU is the coordinator of this large project of 5 years duration and

with a tatal of 27 European partners.

The overall objectives of the INNVIND.EU praject are the high performance innovative design of 2 beyond-state-of-the-art 10-20MVW offshore wind turbine and
hardware demanstrators of some of the critical components.

The progress beyond the state of the art is envisaged as an integrated wind turbine concept with:

= a light weight rotor having a combination of adaptive characteristics from passive built-in geometrical and structural couplings and active distributed smart
sensing and control

= an innovative, low-weight, direct drive generator

= a standard mass-produced integrated tower and substructure that simplifies and unifies turbine structural dynamic characteristics at different water depths


http://www.innwind.eu/
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