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Introduction

~ INER is a government owned national
laboratory working under the Atomic Energy
Council which is the authority of nuclear
energy regulation in Taiwan.

» INER was founded in 1968, and it is now in
organization transition, will change its name to
the Institute of Energy Research with the
government reshuffle.
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R Introduction

To provide integrated strategies and
technical supports for energy security,
environment protection and civilian
health.

\

(m R&D Fields

Energy & Environment
45

Radiation Application

Dogree
- 3 ﬁ'
= (1 ]
Nuclear Safety L - - 2
2‘(]& MmO ~s s D
113 L

L _
L ireen Introduction
—
Organization Chart of INER
 Oraupationsi Satety and Heerh Comm - : cart
_utute of Nyciear Eomegy Rassech s m
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Organization Chart
of MSEP sndsyem

Engineerng
Program

Chronology of Wind Turbine Technology
Development
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R&Ds on Small Wind Turbine

25KW Wind Turbine 150KW Wind Turbine | '
Assembly and Test for Wind Turbine

» INER has a test wind park with small wind turbines for R&Ds. Main
budgets are from government, some are from industry.

» In the last few years, research projects on offshore wind increased.

R&Ds on Vertical Axis Wind Turbine

T g VO
v vmgen Wlbritge

~ Capability of designing
small VAWT with CFD
tools/simplified Load
model design. ———r—

» Load measurement on = e -‘ '
blades for verification. ¥ .2 /7 &=z

~ Small wind turbine design
evaluation Lab has been . ‘ ! ,

accredited by TAF for
small wind turbine
certification.

CFD simulation
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Wind Energy Assessment

* Micro-siting for forecasting of wind energy and AEP by WAsP

Ll

Biee) &0 80

R&Ds on Offshore Wlnd

» Perform Integrated dynamic == -1

load analysis for offshore wind
turbine with monopile/jacket
support structure. ,

> IEAwind Task 23/300C3 and mmm =t =} ——

0C4 were followed and NREL - =l —— |

== e At

5 MW reference offshore wind
turbine was used.

» With the design verification of
load cases for wind turbines,

dynamic load analysis models of |
gffsh'ore ':julnddturblne (:::(lj n be ! II
eveloped and improved. .
ped and imp _..||||||

» Join the OC5 internatioal
program (2014-2018) as an
observer.

/”,;;/l ,/;/, -’/ o
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Integrated dynsmic load analyiz for offshare wind EUroine
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R&Ds on Offshore Wind

» With the international standards as R —
IEC, DNV, GL, etc. the adequacy of -_— e
these standards used in Taiwan is to ] el
be examined. -, £

» Develop the dynamic load analysis '

LA LR LT iy L]

models to examine the influences of o T s
typhoon and earthquake on the
reference wind turbines. The Taiwan
domestic reference offshore wind
turbine can be thus developed.

» Some of the related typhoon data
and earthquake data have been
collected. The corresponding
statistic distributions of extreme
wind speed with typhoon, and the
time history of earthquake load have etegraiea oymamic s moceisfor onors wind urbine
been used to perform the integrated witn jacket support structure
dynamic load analyses.

11

Potential collaborative projects between
AIST-FREA and INER

» There is a bilateral co-project promotion between
MOST(Taiwan)-AIST(Japan) in 2017. Five technical
areas are to be covered. Area of energy and
environment is one of them.

» INER is a national lab. and has high interests in
collaboration with the AIST-FREA in the future.

» The biyearly call-for-proposal for the co-project
ended in Oct. It is expected to have the
collaboration between AIST-FREA and INER in 2019
and after.

» The potential co-project would be focused on the
study on the wind data of Japan and Taiwan,
dynamic load analysis and verification for offshore
wind turbine under the extreme wind conditions.

FITH



Thank You'!
Looking forward to our future
collaborations

Welcome to visit Taiwan and
the INER !
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Recent Status of Wind Energy in Japan
and R&D activities at AIST-FREA

Tetsuya KOGAKI

Team Leader, Wind Power Team
Fukushima Renewable Energy Institute (FREA)
National Institute of Advanced Industrial Science and Technology (AIST)

satnas wavrive oo ADVANCED INDUSTRIAL SCIENCE AND TECHMOLOGY LAIST)

Global Cumulative Installed Capacity oA
of Wind Energy

500000 MW - 406790

400,000

318,697

236,110

197,956
200000 159,052

e — ————— ————— - 73,957 ————

59,091 '
23900 31100 39431 47.620 . I

, = m W i
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Year
Source: GWEC, “Global Wind Report Annual Marke! Updale 20167, 2017

* At the end of 2016, 487 GW.

> Approx. 250,000 turbines (Average rated power of 2MW is assumed).

» Approx. equal to 120 nuclear reactors of 1GW capacity (The average capacity

factors for nuclear power generation and for wind turbine generation are assumed
to be 80% and 20%, respectively).
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Global Annual Installed Capacity of Wind Energy

70000 MW

63,633

60,000

50,000 45,030
38475 39,062 40635

40,000

30,000

20,000

10000 - 6,500— 7.270 8,133 _ 8.207

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Year
* Increased steadily in 2005 to 2009.
* Leveled off for few years since 2009 by the effect of economic downturn precipitated by
the Lehman Brothers bankruptcy in 2008.
« Sign of recovery was shown in 2012, however, significant decrease in 2013, then
recovery in 2014.
« Total installed cost is about 300,000 JPY/KW (3,000 USD/KW).

» The current annual installed capacity is equivalent to about 15,000,000,000 JPY (150
billion USD)
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Prospect of Wind Energy

140009 outiook for annual energy production of wind energy by IEA and GWEC

12 000 - (Source: IEA, "Technology Roadmap Wind Energy”, 2013) e

10 000 -

8 000 - -

TWh
\

6 000 -

4 000 - -

2 000

0
2009 2015 2020 2025 2030 2035 2040 2045 2050

B Land-based wind B Wind offshore — = GWEC, 2012 (moderate) — - GWEC, 2012 (advanced)

= Outlook drafted by International Energy Agency (IEA) and international wind industry association (GWEC).
« There is a difference of outlook of AEP among scenarios,

—  About 1,500 - 3,000 TWh/year in 2020,

— About 3,000 - 6,000 TWh/year in 2030.

— About 4,000 - 12,000 TWh/year in 2050.

namomas sarrrure o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 4
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Status of Wind Energy Development in Japan |

Offshore 59.6 MW* (52.6 MW, 2015)

195 MW’
(244 MW in 2015, 130 MW in 2014)

. : 5.3" TWhlyear
Total electric output from wind (5.222 TWh/year in 2015)

Annual net increase

Wind generation as % of national
electric demand (953.5 TWh)

0.55 %" (0.55 % in 2015)

Prospect: 110 GW by FY2030™

2 Statistics at the End December 2016 (JWPA).
**  The Long-term Energy Supply and Demand Outlook (2015, METI).

waromas senirvreor ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 5
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History of Total Installed Capacity

» 3234 MW, 2175 units at the end of 2016
«  +195 MW in 2016

4,000 4,000
October 2012, Enforcement of EIA law |
£ 3,500 ) (] (] [ o e e[| ] 3400
2 July 2012, Change of incentive program \ \ 3200 2
5 3000 — from Subsidy and RPS to FIT N
1 2:800
gz‘m 1 2400 §
] %
3 2,000 2,000
. 1,500 11600 &
2
L 41 1,200
Y 1,000 -
4 41 800
3 5 =
= - a0 E
E L
el il I ;
2000 | 2001 | 2002 | 2003 | 2004 2006 | 2007 | 2008 | 2009 | 2010 | 2011 [ 2012 | 2013 | 2014 | 2015 | 2016
ECapacity(Mw] | 136 | 203 | 330 | se2 | 812 |1,050 1,309 | 1,538 | 1,880 | 2,084 | 2,336 | 2,536 | 2614 | 2,669 | 2,794 | 3,028 | 3,234
——No.olunits | 251 | 427 | 413 | e13 | 42 | 1,030 1,202 | 1,20 1.518 | 1.630 | 1,742 | 1,855 | 1,887 | 1.925 [ 1,968 | 2.0m [ 2,175

* The process of assessment and approval of EIA takes about three to five years.
« There are about 2-GW of new wind power projects have almost finished EIA process and got FIT
approval, and more 6 to 7GW of projects are in the EIA process now.

wancmss sestrrure oo ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 6
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Eurus Yunkogm-n Wind Farm in Akita prefecture

17 lurbm»ﬂT Total capacity of 51 MW
oldings Corporalion

New Offshore Wind Turbine in 2015

A MHI 7-MW offshore wind turbine with a 3-column semi-
submersible type floating foundation has installed in July 2015.

The 5-MW Hitachi downwind wind turbine was under
manufacturing for Fukushima FORWARD project and it will be
installed on the advanced spar type floater manufactured by
JMU and it will start operation in 2016.

Source: Fukushima Offshore Wind Consortium
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New Offshore Wind Turbine
in 2017

» The 5-MW Hitachi downwind wind turbine
manufactured for Fukushima FORWARD project was
installed on the advanced spar type floater
manufactured by Japan Marine United Corporation
(JMU) and it will start official operation in 2017.

Source: Fukushima Offshore Wind Consortium .
maromas sanrure oo ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) g

a5 AIST
Roadmap by JWPA (Japan Wind Power Association)
- Wind power shall supply 10% electricity demand in Japan by 2050.
- Installed capacity shall be 11.1GW in 2020 and 50GW in 2050.
(On-shore 25GW + Off-shore 7.5GW + Floating 17.5GW)
50 GW
Roadmap for Wind Power Development in Japan, JWPA, May 2010 In 2050
m Fag i NI S = l‘l"‘ (G e
B e NA | [t ] (frkgioo
50,000 1 () Off-shore (Floating) . : = AT L
s 45000 @ off-shore (Fixed foundation) | ’j.'- ' e
= 40000 Eeg - | & On-shore Installed
8 30000 f—r S ety
8 25000 ——  , [MacGw|f
£ moo 2s7|6w':i-f LR
£ 15000 FElin 2013 RN
sm . I — 1y
0 &= = -
2000 2005 2010 2015 220 2025 2060 2065 240 2045 2050
Fiscal Year
- Courtesy of JWPA wimosas setrure o ADVANGED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 10
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Economics in FY2015 saii]

3,200 People* 84.1 Billion JPY"
(61 companies, 72 factories) (765 Million USD*")

200,000 JPYKW | 300,000 JPYKW
(1,818 USD/KW**) i s

*  Research report by Economic Research Institute in Japan Society for the Promotion of Machine Industry
** Currency rate: 1 USD = 110.00 JPY

Courtesy of JWPA, JWEA nanowus serrure o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 11

Influence of Crisis of s ;,
Earthquake & Tsunami " . & s
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Semi-offshore wind farm survived PRASE
Tsunami attack

=

» The first open-sea offsh

« Survived a direct hit from
the tsunami!

« Shut down automatically by
the earthquake, but
resumed normal operation
when the grid was
recovered.

« Other petrochemical
complex and port facilities
were severely damaged.

*  Wind farm owners were
asked to maximize
operations in order to
supply much needed
electricity to the North
Eastern part of the country.

el

Courtesy of FHI nanonas sarrrure o+ ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1 3

@ Research Wind Turbine in FREA

bk in A

Tower was supplied by
local manufagturer
(AIKAWATEKKO Inc.)

" PV system
Rated power: 500 kW

wumosas senrurs oo ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1 4
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Main research issues for Wind Power Team, AIST-FREA @ AIST

High performance wind turbine elemental technology

Performance improvement by nacelle mounted LIDAR

Nacelle mounted

Wind speeds can be LIDAR
measured by nacelle

mounted LIDAR ""“*‘5.’ “
-

(Wind shears, Wakes) w

4 -
Feed forward control of
pitch of blades and yaw of |
turbine. 4! ! S—

‘Distance: 75-<300 [} BUE &

G R Asy
Nacelle mounted LIDAR, which can |
measure the wind speed and wind
direction at the upwind positions of

wind turbine (WT), will enhance the
and reliability of wind turbines.

anewas sarmyre &0 ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 15
I = AIST
Measurement result
by nacelle mounted LIDAR
Pitch control 2 <
(Angle of blade) o
o Nacelle . -
Nacelle b1 i 4
anemo
and windivaneé .- ool TR W W Time
e [
V 100 25.0
Wind speed in the line of
sight direction [m/s]
Yaw control Wind speed info at the upwind positions of wind turbine
(Direction of ) :
TR = Feed forward control of wind turbine
wanous wermurs o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 16
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Main research issues for Wind Power Team, AIST-FREA @5 AIST
Advanced assessment technology

Advancement of assessment for offshore wind resource

Hazaki Oceanographycal
Research Station in Ibaraki Pref.

Wind speed: U

based LIDAR

Hub height of very large offshore wind ~ Met. mast at the

kS es IRcieass than 1000%. north sea offshore site 1 he cost of resource assessment will
decrease below 100 million JPY (about
* The cost of measurement by the met. mast is 1 million USD) by the integrated

higher than 1 billion JPY (about 10 million USD).  resource assessment technology.

namonas sarrrur or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 4 fr g

@@ Development of Offshore Wind Database

iii. Data archive and analyzation
of satellite image data.

i. Development of sea surface temperature
database for Meteorological simulation

Super computers

- o

\__ Shimada et al. (2015)

ii. Measurement at offshore site S Lok bkt oAl DR

toward advancement of the iv. Validation of the model and
model and methodology methodology using measured offshore
F data measured in European countries.

An image of developing
offshore wind database

01

NEDO Offshore Wind Information System (NeoWins)
News Release (March 23, 2017):
' hitp:/fwww.nedo.go.jp/english/news/AASen_100201.him|

daetal, (2015) Shimada etal. (2015) _/

s satirre o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 18
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. : . . e~
@ Measurement of Noise and Vibration ~**"

Collaboration with Nihon University in Koriyama, Fukushima Pref.

» ~FREA
"‘ test field

B ILAAEF Bin 10 108Leq

Low frequency noise was
quantified during idling situation

& | | 1|||
23

g= 4 v = s

L
ok e
2 %2 8% == H

= Smoothly collaborate with Nihon University located in £ 3 > &
Korlyama City. Frequency Haz
+ Education and training at FREA test field and wind farm in Equivalent continuous A-weighted sound pressure
Fukushima. level measured during idling situation
wanceas sarurs oo ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1 9

=z AIST
Aerodynamic Control by Plasma Actuator for Wind Turbine Blade
Collaboration with Asahi Rubber Inc. in Fukushima Pref.

Full scale demonstration

—— Previous study (Lab. Exp.) — in AIST-FREA

Dielectric Barrier
Discharge (DBD) |

Lab. exp. of electrode
for verification

8m electrode

X Asahi Rubber Inc.
developed plasma
actuator electrode
enabling operation
F| outdoors over long
ow by induced [sl=IgleleH

4

\
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Thank you
for your attention!
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Department of International Cooperation and Science
Education
Ministry of Science and Technology
Tel) : 02-2737 7472
Fax) : 02-2737 7607

E-mail: hcchengl@most.gov.tw
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# M 8® (Toshihiro MORIOKA, Dr. Eng.)
Associate Manager
Global Collaboration Office
Collaboration Promotion and International Affairs Division
Research and Innovation Promotion Headquarters, AIST
1-1-1, Umezono, Tsukuba, Ibaraki 305-8560, JAPAN
Tel ): +81-29-861-6831, Fax : +81-29-862-6249
E-mail : tssi.morioka@aist.go.ip
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