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Wind energy research in Denmark
International cooperation

Jens Carsten Hansen and Poul Hummelshgj
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Technical University of Denmark

Risg DTU
National Laboratory for Sustainable Energy




 w—)
—]
[

i

Some Risg history in brief

1954 Nuclear Energy Committee headed by Niels Bohr
1958 3 nuclear reactors under construction

1976 Wind energy research starts

1985 No Nuclear Power in Denmark energy plans
2000 Decommissioning of the last nuclear reactor is
2005 Sustainable energy central in strategy

2007 Part of Technical University of Denmark (DTU)
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Risg is part of the Technical University of Denmark (DTU)

- January 2007, Risg National Laboratory merged with the Technical University of Denmark (DTU)
» Research, education, innovation and assistance of public authorities

» 7,000 students

* 4,200 employees, 2,000 of whom are scientists

 Annual revenue of DKK 3.2 billion

Risg DTU is the national laboratory for sustainable energy

3 Risg DTU, Technical University of Denmark 27/08/2010
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Problem-driven research
and innovation in Wind
Energy

e basic and applied research

e development and innovation

» Selected services & testing
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Education and training:

e Master in Wind Energy

e Masters in Sustainable Energy

» Selected lectures

e PhD-programme and PhD-courses
e Training courses for industry

Experimental facilities

Large Projects

eResearch programmes
eDevelopment programmes
eAuthorities

eIndustry

ePower sector

27/08/2010



Wind Energy R&D at Risg DTU =
Technical University of Denmark
Wind Energy Division
WIND ENERGY
DIVISION
INTERNATIONAL EDUCATION
CONSULTING
I I I |
Meteorology Aeroelastic Wind Wind Energy Test &
Design Turbines Systems Measurement

Systems Analyses Division
Materials Research Division

Intelligent Energy Systems



Wind Power Meteorology - 1 =
Wind Atlas Method and tools

] WASP — wind resource assessment
Wind Atlas Denmark (1981)

Wind Atlas Europe (1989) : .
Wind Atlas for Egypt (2006)

25°E  26°E 27°E  28°E 29°E  30°E  31°E 32°E 33°E  34°E  35°E 35°E  ITE

3600

3500

3400

3300

3200 f

3100 F

3000

Northing [km]

2900 F

2800 F

2700 I

2600 F

2500 B

0o 1000 1100 1200

Wind Atlas Indias(2008)
Wind Atlas NE China (2010)
Wind Atlas South Africa (2011) Turbulence and

Flow Characteristics
Global WA
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Wind Power Meteorology - 2
Research Agenda - Wind Conditions

e Siting

e Design

e Forecasting

e Resources

e Extreme winds
e Vertical profile
e Turbulence

e Complex terrain
e Wakes

e Offshore

7 Risg DTU, Technical University of Denmark

CFD of wind over complex terrain
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Wind Power Meteorology — 3
Wind farms

i

 Wind turbines wake
effect

e Multiscale CFD
turbulence models
(ABL + wake)

e Wind farm data
analysis

e Influence of
atmospheric stability

e Dynamic wake

| meander model

i « Wind farms shadow

i effect

1 e Micro-mesoscale

modelling

,: e \Wind farm layout
optimization
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wind turbine load and response - HAWC2

A tool for simulation of wind turbine load &
response in time domain.
< Normal onshore turbines; 3B, 2B, pitch control, (active) stall
= Offshore turbines (monopiles, tripods, jackets)
» Floating turbines

Based on a multibody formulation — flexibility

A knowledge platform
» New research/models are implemented and updated

= Core is closed-source |
- Submodels are open-source S‘d“eﬁ/

;"- i;ﬁ HH
\ Top wiew | [= =
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Advanced flow and rotor analysis

/'

Red is high pressure

Blue is low pressure
10 Risg DTU, Technical Uni i i
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Risg Test Stations — Prototype Testing

. Risg 1979

I 5 test beds
' Havsgre 2002
AN e e =
A ! =i — < 8 MW

Spacing 300 m

@sterild 2012 \ T —
7 test beds |
<250 m
< 16 MW
Spacing 600 m

11 Risg DTU, Technical University of Denmark 27/08/2010



Windscanner.DK

NEW MOBILE 3-D WIND MEASURING SYSTEM

The meteorological mast to the left measure only the wind vector at a few fixed points.
A lidar-based Windscanner is, on the contrary, able to measure the wind field in the entire rotor plane
of the wind turbine, via steerable scanheads:

Lidar-based wind and
turbulence measurements for
--------- research, siting and control
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pulsed gren) o CW (red) laser
light directed towards the movable
measurement points.

—
~ The Doppler shift
- f " proportional to radial
-~ wind speed is
~detected by the lidars.
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Wind integration: The Danish Target

2008

500 25 % wind energy (West Denmark January 2008)
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= Wind power —— Demand

e 20% of electricity consumption met by
wind power — annual average

e Around 3GW installed wind power capacity

e For a few hours in a year wind power
covers the entire Danish demand

Source: Energinet.dk -
EcoGrid

13 Risg DTU, Technical University of Denmark
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0
m Wind power — Demand
» 50% of electricity consumption to be met
by wind power — annual average
e Around 6GW installed wind power capacity
* Wind power production will often exceed
the Danish demand
27/08/2010



Power fluctuations — the two study cases
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EU FP7 - TWENTIES

TRANSMISSION SYSTEM OPERATION WITH LARGE PENETRATION OF WIND AND OTHER
RENEWABLE ELECTRICITY SOURCES IN NETWORKS BY MEANS OF INNOVATIVE TOOLS AND
INTEGRATED ENERGY SOLUTIONS

- 26 partners, 35 M€, Starts Feb2010

Y

WP1:Project Management(REE)

/

WP2: Specification and requirements for the demonstrations (REE)

| Barriers to be overcome

| KPIdeFlnition and measu

rements I :

Detailed requirements and
specifications for the demonstrations

Task Force 1: \
Contributions from
intermittent generation

and load to system services

/

Task Force 2:

Allow for offshore
wind development

v

Task Force 3:
Give more flexibility
to the transmission grid

~

g

Y /

@ Demo IBD Demo DONG i Demo RTE Demo ENDK Demo ELIA Demo REE )
[ WP3 R&D [ WP4 R&D [ WP5 R&D [ WP6 R&D [ WP7 R&D [ WP8 R&D
[WF‘Q Demo [WPH] Demo WP11 Demo [WP12Demo [WP‘IS Demo [WF‘14 Demo
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\ WP15 Economic impacts ofthe demonstrations,
y barriers towards scaling up and solutions (lIT Comillas)
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WP16 EU-wide integrated assessment
of the demonstration replication potential (RISOE)

]

services

Task force 2: what can the network implement to allow for offshore wind development?
Task force 3: how to give more flexibility to the transmission grid?
Overall: how replicable are the results within the entire pan-European electricity system?

Task force 1: what are the valuable contributions that intermittent generation and flexible load can bring to system

WP 17: Dissemination (REE)
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Risg DTU (1.5 M€)

WP2 — KPI

WP6 — Storm control
demonstration with
WP12 EnergiNet Demo

WP16 — Up-scaling
assessment of
demonstrations to
EU-wide scale — i.e.

modelling

A 20
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gTwe nties
Transmitting wind



Danish Scheme for Certification of Wind

Authorities

EGv-Secretariat

S
Scientific
Ekspertise

—

Danish
Energy Authority
DEA

Certification
Basis

Executive order and Guideline
on Technical Cedification Scheme
0= Standards
Recommendations

@

Law on
Electricity Supply

Advisory Board

Standardisation
Committees
0= 3558

IEC TCE3

16

Cenrtifying bodies

- Twrpe and project certifications

- Trial and dermonstration
certificates

- IWlodification, relocation or use

Users of the Scheme

- Ivlanmfacturers
- Wind Tuthine Owamers
- Consultants
- Suppliers

- Ivleasurernents and Test

after the expire of the trial
and dermonstration certificates
- Small tuthine s certificates

Risg DTU, Technical University of Denmark

" - Inovestors
- Electricity supply comp.
- & zsurance cornp.
- Local & uthorities a.o.

i
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International wind turbine standards - I1EC

a) Safety & functional requirements

!

b) Test methods

!

c) Certification procedures

!

d) Interfaces & Component

d)

c)
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IEC TC88: IEC 61400 standards
series:

IEC 61400-1 Design requirements
IEC 61400-2 Small wind turbines

IEC 61400-3 Design requirements for
offshore wind turbines

IEC 61400-4 Gears for wind turbines
IEC 61400-(5) Wind Turbine Rotor
Blades

IEC 61400-11, Acoustic noise
measurement techniques

IEC 61400-12-1 Power performance
measurements

IEC 61400-13 Measurement of
mechanical loads

IEC 61400-14 Declaration of sound
power level and tonality

IEC 61400-21 Measurement of power
quality characteristics

IEC 61400-22 Conformity Testing and
Certification of wind turbines

IEC 61400-23 TR Full scale structural
blade testing

IEC 61400-24 TR Lightning protection
IEC 61400-25-(1-6) Communication
IEC 61400-26 TS Availability

IEC 61400-27 Electrical simulation
models for wind power generation

27/08/2010
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Potentials for cooperation

e MSc programmes
e PhD programmes

e Basic research
—Wind resource mapping

—Wind farm siting and
performance

— Flow modeling and
aerodynamics

— Load conditions and design
criteria; (standards)

— Grid integration

18 Risg DTU, Technical University of Denmark
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e Software/training

e Technology development
— Applied research
— Analysis
— Testing & measurements

e Dialogue & access to Danish
wind cluster

;
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Risg DTU wind energy research alliances

Research Consortium for Wind Energy
(DK Universities and Technological Service Institutes)
EERA (EV)
EAWE (EU)
TPWind (EU)
NREL, Sandia (US)
Sino Danish Center (China)
MoU with MNES (India)
MoU with SANERI (South Africa)
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