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10GW prospect at “Energy mix plan” shall be achieved at early 2020s.
(BAGW at 2015 + 7.1GW in the EIA process = 10GW)

Roadmap for the introduction of wind power

+ JWPA proposes 36.2GW toward 2030 for the next stage.
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Aiming at Sustainable

Expanding Deployment of
Wind power in Japan

— JWPA Wind Vision Report —

\ \\ // / ’!,-" ]
\ ’ = / /
\ ‘\ March—201 7/
The 5agan Wirnd Power _Assomatig’( (JWPA)
. t1IIL2;£zjxsaggajzzzkarl o

5 o Y T

Scope of JWPA WindVision Report |

Challenges and Solutions
No. T e SR SR o e 2o 3

1 Toachleve grid parity Medium / long term tactics for LCOE reduction
2 To harmonize with grid operation  Realistic strategies for grid connection along time line
3 High reliability, Job creation To improve safety, human resources, fnancing. eto.

I Practical tactics for the challenizes > ﬁ

F>[ Recognizing the challenges |<:D

Wind Power Energy Resources and Mid/Long Term Target ‘Long-term Energy Supply and Demand Outlook (2030 Energy Mix)'
Ver. 43 (released by JWPA in June 2014) (released by the Ministry of Economy, Trade and Industry in July 2015)

P N

JWPA s basic principles

1 . To mitigate global warming and secure Japaneses energy security by promoting wind power
2. To organize and to grow up wind power industry for promoting wind power

3. To act with responsibllity as the representative for Japanese wind power industry group

4. To establish enough abilities for lobbing, and to keep accountabilities
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1. World wind power development trend

2. For the wind power mass introduction in future Japan
(JWPA proposes 36GW or more towards 2030)

3. Scenario for future wind power in Japan

(1) 5 driving forces : Reduce LCOE, Harmonize with electrical grid,
Repowering, Offshore wind, Establishing domestic supply chain

(2) Time & Area : Challenges for grid interconnection by time lines.
4. Future prospects for LCOE reduction in Japan

5. Grid issues
In short term: To improve grid operation under cross-area management
In middle & long term: Cost-effective reinforce grid infrastructure

6. To promote Repowering
7. To promote Offshore wind power development
8. Other challenges : Easing the hurdles
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1. World wind power development trend

»  Wind power shall increase more than 1,000GW by 2040 by [EA forecast.
» |tis the largest among the all kinds of electric power plants.
« 25 trillion dollars shall be invested for the wind power.

Most of nations with large GDP promote wind power.

« COP21 at Paris in Dec.2015 will accelerate the world wind power in further.
The larne GOP 1o natlons promats wing poer
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2. Roadmap for the Wind Power Introduction for dapan, 4

proposed by the JWPA
o

« 10GW prospect at "Energy mix plan” shall be achieved at early 2020s.
(3.1GW at 2015 + 7.1GW in the EIA process = 10GW)

« JWPA proposes 36.2GW toward 2030 for the next stage.

; = >~
= Roadmap for the introduction of wind power FY2050
= 80 ‘ 75CGW
O .

OF ) — | m
£ a0 i FY2030 1€
- k- 36GW M]
< _ FY2020 19GW
% 40 _! Expesierce | 11GW |—
£ 30 FY2015
£ 32GW |0.16W
= 20 0.004GW | 0.6GW
S e s soos 0.049GW i |
E 2018 yaa_ -end: 3,038,000kW 3.1CW -u.!'i
5 :
g ° 88283
= SR RRR
Jwr Electricity supply by wind power — 9%

3. Scenario for future wind power in Japan

(1) 5 Driving forces

JWPA considers there are 5 driving forces for wind power in Japan
« If we can handles them, wind power mass introduction shall be realized.

* Achieve grid parity / competitiveness
« Mass production achieves volume discount.
To reduce LCOE + To improve capacity factor & availability

Install at good wind condition area

To Improve Aggregation
Grid infrastructure Inter regional grid operation
Effective control, Output forecast Wind power
To promote To promote new large high performance AL,
Repowering wind turbines instead of old ones introduction
in Japan
To promote To harvest huge offshore wind energy
Offshore wind resources
; 3 To activate wind turbine & components
To establish domestic industries in Japan

supply chain Job creation by "Green new deal”

SWrAD SR ARGS
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3. Scenar io for future wind power in Japan

for onshore wind grid Interconnection by time & ar

* For onshore wind, Grid connection has large priority.
+ Kyushu area has some margin. We have to accelerate this area at first
+ Hokkaido & Tohoku which have small acceptable capacities now,

we manage to send their electricity to demand/population center (Tokyo). |

(Short terms: up to 5 years)
: . = Inter regional grid operation
A Hokkaido » - To use existing pomp up hydro plants
and middle load fossil fired power plants
- Out put control for renewable energies
- Re—estimation of acceptable capacity

WENREDAETI?”
ia Wi an Rz it S
ey LU ] LA E2 ] '™

(;:1 iisined scoeplable capacity in the s
Acditiona| accectable capadity

Ry
__‘l__ﬂ.—___"-“"'
. AN \‘ P ook Tohoku (About long term: 5-15 yers)
(58] mmw’" *  Optimization of transmission network to

achieve “Energy mix plan”
* To improve inter-reginal grid lines;

\$10 #Tokvo Hokkaido/Tohoku: 2.7GW
p N 0;. R .y o Tohoku/Tokyo 3.2GW
- y ~EARBARTRRENS
ﬂ | Refersnca: “Master plans workshoos interim repart an
K usvu B \ SR [ podt £ 4 10,000 ky strengthen inoluding inter—vegional interoonnecting lina”

y y \\\.‘ j =TI N Qnshore wind: 28.6 GV (April, 2012, Ministry of sconomy, trade and industry)
a3 +300 o
st M strip e J Maver N g Bowve power o phahouomserdste ot Hisl)

INTAGFR AT

4. Future prospects for LCOE reduction in Japan

» We expect cost will decrease after 2020 to 8-9 JPY/kWh toward 2030
by mass production and technology innovations,

» Cost reduces moderately until 2020, because construction cost won' t
cdecrease due to big demand for coming Olympic game preparation.

. ,  Cost estimation by experience curve
- "f“’“’ Estimated reduction of wind power generation cost up to 2030 10 "‘]'." (cumuilative mﬂ c:gnsion effect’)

Opwrating snd
| Coaptal coals maioten

an 8000
17 4000 | March 2013] thousand JPYAW  SPYIKWiyear
: v s 234 GW 316 11,00
lﬂMW 9 " March 2015 theusand JPYAW  JPYIiNIyear
1 oombemedotmmum - g lumw 4 S ;' i
13 200 | 12920) thausand JPYAW gm.
26.6 GW 239 - 263 4008 - 4,490
[2930) thewsand JPYAW  JPYIWIyear

___ Gost estimation with regard to technology
100 (individual technological innovation effects”)

Examngg: wholesae
elactrioty poce
- Gemeration cost
(%:actiovesmunt of arid patiy) erant offect
u
2013 2014 200% 2018 2017 2018 3019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 1030 Life amtension {20 yoass —» 25 yoars)
Impeo vemont of stibzation rate knd
—Wind power s Coalfred power Estmated introdoction of wind Cagac ity factce through adoption of CNS
generation cost genarafion cost pawer generathon (rght axs)
5 o gt tin 20% reducton of pacelle wright .28 YK
* Cost r hative oulped exp fect and individual technological innovation
effocts is based on completely pp g Impro vement of maintenance sificiency 0,51 Y IKWh
Besides, indnidual ical ion effects are by surming maximum values
of aif clements, while actual attainabiity |5 clfferont for each wamert, &% Inercase bn wind turbine cfficlency -0.39 JPYIKA
s 6% Increase In tower Baight -0.25 JPYikeh
7w (RN
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S. Grid issues, in short term :

To improve grid operation

+ Qutput curtailment for renewable energies (solar and wind) shall be
requested by grid stabilities in Japan now.

*  “Hour unit base” is better than “Day unit base” at curtailment.

+ If we consider solar and wind at harmonizing(sharing), wind power can
get additional acceptable capacity and can suppress the curtailment,

Wind powser generation and solar power genecation

Intreduction of wind power generation at & level cloze 1o that of solar pawer complement ach cther,
generation Is possible in areas sultable for wind power generation (Hokkalda, — Efficiont sharing in 8 powse system is possible, while mutual
Tohoku, Kyushu) through utilizing the fullest extent of existing equipment. nindrance In Introduction exaansion i not likady

Seler versus Wisd Power

Exampies of astimation of wind pawer introducsion
and culput suppression rate in every area (JWPA)

r
Examplo of messured outpit of solar
| = POWST QRNEDON S0 wnd Comsr
Qutput suppression rate | Output suppression rate genecation in Gesmany (2014)
(suppr n days) (supprassion hours) »

Wind power

introduction

<Day unit base> <Hour unit hase> g ik -
- = 35324 miko 1Y
25.4% 8.5% B St bed cagacity of wind sumer Qurmimion
Haokkaido 156w ] ZT% T ik B
4 da 9 hours| 2
(74 days) (73 ) H
18,6% 4.0% 3 B0 Wi oW e foir
Tohoku 6 GW (41 days) (370 hours) g Ew_vuy:;ﬂﬁmnnr
2This can ba handkad by
27.9% 8.2% SUTAR BUppPIBsson
- bl (54 days) {648 hours)

S WS
[Wapawer]

" In v s 00, OUDUN Of SO DIWE geferation @od wird posner generaBar me wepEreaaed b such wey $1a1 reekiun | Cemend Min IESPOct 10 TR AL Gersad e J013 e of praer darmard et poaee
penernied by ncber A W powst anis) 6086 (0T V0D DUow 3 S air STd; i b2 weed power, s confrol mesthod 15 FEended 10¢ Se0oneesion of Mie Selgs! collig b 8 Woske e el by svery power
Comprry, I urds of hous (ME3ITOTN SUITA SIS0 08 M)

* In w5 shvedabon, stebc demancardaupply balence i combdesed sabdy I ST of 'EREE0GN00 OF EIITANT WEO0LG (M Mane’ Wring Lo eirizsts Lie Sefick 3f cecrenen capacty  Theriam . (8o ioing xons aie
Asaganed, 300 3081 Wind pOWwer Inkadectas srd culput suzsesszon rate joutou! IupReesan $9a) may be (FTem st Seer B soraibed s it
DY wer-da-pear waeebion of poaver derTond CoNIBENE. @ ENons of Sirmend ferecksl sobe power outst Iscaet ancd wind ROWer S5t facast $00 scing, for atrpde, o possiilty that nolar mad werd power Ul
Sarid (apacive racerers vl (o)) O TIme Corstaiets on Cansin of Maemdl powr ponamias, hysio powe ga1eraiam. and oher corerrl ong FONYY S008es Jrs regeedts imdalod caseo by wed cpereben

} mededs of prwsl gesersiza, miruem reddenl Swrnd, leducEon a0d UL 54 PORESSion Hime of SOBT S6NEr PRINS, A8 Ser dete for 2013 The casbtions 20 53607 30 1w AT Shown by 318 Bysiem W)

IWrRAgEmnneise

»

S. Grid issues, in middle / long term :
Cost-effective reinforce grid infrastructure

ark fully to select “wind powe - -
| work fully to To select wind power To improve gid

activate existing inter : priority area > infrastructure at the

regional grid connecting line such as Hokkaido selected priority

m Gore systen with necossary sorongemeernts and
ot

= ARl Vrissnaraaion bne
» Improve the grid infrastructures according to —, 2w
the decommission of old facilities. 0 B i

O et v ——

» To select “wind power priority area” is also
effective for growing up wind power industry at
that local area.

» Not only inter regional grid connecting lines,
but also local grid lines at good wind resource
area (Hokkado & Tohoku) are important for
wind power promotion in Japan.

Sourcas: Federation of dectnc powar companes of Jepen, ransmissons petvork,
hitpwaw.fepc.or jpienterprisafsupply/soudoneanism_indax_01Andnx timi'or Japan i machinad 10 base s0uroe: federation of aleckic power
companies of Japan transmizson netedrk Ip: Wew. fapc o ipeniepisesuppiysoudensanvsw_index. O1Ences himl of

Swrgrnnnmes
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6. To promote Repowering

« Old wind turbines (operated for 20 years) shall increase after 2020,
Most of them stand at good wind conditions.

« To Promote terminating old turbines and rebuilding new large high
performance turbines.

500 - i
[mmmmmeetAEmEmSEESmee e emee—meeessSsaEEan————————— [l
as0 Merits for repowering - i ‘
- To prevent accidents : iy
s00 i - Toimprove power output ; - : i tL
| - To keep Japanese wind power installation RN
30— - Job creation atlocal districts : FHAEC AR
- To add demand for wind turbine industries Ty 1
300 | s At R 2 ?:?3__’ [ !
— 11 : 1 ! L)
§ 208 1] 1o et e
250 1y 2 o 4
c ] T f
= 6&\\'\(‘/(?\/ 4
200 - g //‘ !
1
150 , b
1
HEEEE
100 - : : 1 : }
1 |
50 3t l] II = ' E _r;
0 __1_ _l_ _2.. — -l [ — - I-Il La ..: -:

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2033 2040

——

SN GFm s

7. To promote Offshore wind power development

Offshore wind power development is a good way for mass introduction.

- But, it needs efforts to remove the hurdles, such as. long EIA process,
Grid connection, Law modification for general common sea area, Jack
up ships, Port away bearing strength, etc.

Wasckanai port |,
(10 MWY)
Schedule for expamlo« of oﬂstwm wmd pmr lntroaucnon
Ishkari Bay new port ? s me 1s II{I‘I 1218 20| zm: 24[25 28 77|78 zs[m
{100 MW) :
\ o et | | |
Satana port Yarnay i 1nes Coneraas st R e e O |
(1.2 MW) ) L 1] B O oy ) 7 B I 5 0
Formabdion of riba b === | |
E‘msf;‘ Noshiro port 1 a:“;m;lm"r f ‘ l ‘
(55 MW) (®a M\'«? | Mutsu Ogawern port | 1 | HAl| 1
450 M) ::g’:’,;ﬂ ";”‘ 2on W 2wl 0 * wihs V) 0 i vl
The Sekata port ™ (3 foad b3 T
(10 MW) (15 MW = z l L |
¢ Facrclston svoeg JT' | T 1 ] lm .
~ onerieT L Awi e i
Iwafure ot Mo ukushima floating mm’;‘;«wm 1 =y 1 I T e
(220 MW) 3 offshoce wind project Pt onbmerted | l | I Tl | l
(ZA0W) *(12 MWY) Badne cperstas W riea s o || WA dew? v;‘
bl Consacion worksin { Ll
t 12=0'r:::.'m‘ P T S | |
-» A B 120 U B
Stmanoset Glies Yasuoka P ) Comisu (30MNY) | Cetmusiensuriain [t |
60 VW) f X |
|60 ) Choshi (24 MW * Mrm%nn n ' l | Nai |
/ W= = TR, - ! e
Krakyushi oty (2 "ﬂﬂvﬂ"(""“' ol e e R
< }""’ i o s 2 O
ATangorventof SEP |
i . r— |}
Experience: 52.6 MW [srasgee~ | =5 _ \
i Planned: 1,392MW
PR R Amis s o ware e e s 13 b
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8. Other challenges : Easing the hurdles

® Easing regulations against wind power introduction in Japan.
(Expanding wind farm sites candidates all over Japan)

m R&D for innovative wind turbines matching Japanese climate
and terrains, etc. (Aiming at cost effective facilities)

® Improving project management skill, from development through
to O&M (Improvement of project quality)

m Establishing supply chain of wind industry and promoting
domestic wind related industries. (Bringing-up dmestic industries)

m Promoting cost-effective and diversified financing sources to
sustainable investment (Stimulating robust investment)

m Contribution for preventing global warming, securing higher
social acceptance , contributions for local economies.
_(Getting national consensus and citizen support)

%
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i I | I[' _J
/ l @I__ . L '\ ‘Q‘JI
‘ﬁl‘..\“,;d l('r! i_ ‘ e g e
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2.4 MW offshore wind turbine of NEDO's project at Choshi in Ibaragi pref Source: JWPA photo contest in 2013
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National
Institute of
Technology and
Evaluation

The World's Largest Testing and Evaluating Facilities for
Large-Scale Battery Energy Storage Systems (BESS)

National LAE ry for Advanced Energy Storage Technologies (NLAB)
or Eve ic GCET)
National Institute of Technology and Evaluation
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Our storage technology to global standard upwards

as safe and reliable technolog¥ the world needs and demands
Committed to bring global standard to the world

NLAB Testing Facilities

As Laboratories per Function

# Enables clients 1o conduct wide
range of testings on large-scale
modules and pack-size batteries.

@ Designed with specification capable
of safe testing even when objects
under test get ignited or fire. *

NLAB Power Unit

Power Supply Equipment for o oo
- - 21 3 ™ -]
Test Use ow of Test Service

: [ ial Con: Rl ‘
® Equipped with unique storage battery system | 1. Initial Consultation | | 4. Manual Proparation

controlied to charge and discharge objects under - -

test. l 2, Application l | B, Cost Estimation
@ Enables clients to conduct testing both at the L
range of 50Hz and 60Hz slor ] 6. Final Agreemant
@ Applicable to variable voltages assuming the - — - - : .v
practical use in Europe, the US and Japan.

-
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NLAB Large Chamber.

As Large-Scale Labopratory Building <
Utilised for Various Purposes » % * > 5 & 9

-
@ Serves as constant temperature —— Ty . — At
chamber at the world's largest class : 1 F '
@ Enables clients to conduct testing
large-scale storage batteries at the
mega-watt class,
@ Equipped perfectly with both
anti-explosion and fire-resiatant

Propagation Test

@ Regarding the actual testing style, NLAB usually employ the joint one that clients and
7. Test Implementation | NLAB shall conduct.

£ -~ - . X

[8 Cost Pavment ® Contact nlab-Sd@nllengp for consultation of testing.

Ercitaioid e e ® Our test services will be provided, as our considering the roles both established test
organizations and NLAB perform.

i 9. Issuance of Report etc. | - J :
. — @ Individua! consultation will be proivided on the date acquisition for certification,

37



ACCESS
W Aceess by Railway | eslAccess by Car
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Nationa! LABoratory for Advanced Energy Storage
Technologies (NLAB)

Global Center for Evaluation Technology (GCET)
(Independent Administrative Agency) National Institute of
Technology and Evaluation

12216 Nomkolola, Surming

Tel. +81-6-6612-2073
E-mail. nlab-sd@nite.go.jp

For vanous performance 1§ ngs and others as systems
combining ge storage batteries with power conditioners,
The Fukushima Renewable Energy Institute (FREA) enables
clients 1o conduct testing accordingly

Tel. +81-24.¢

E-mail, frea-ss

Please contact aeithar FREA or N 3 a1 whict
clients may conduct your Spociic leshing erly, The bes
faasible (mplameniation) malhod shouk y informed as

FREA and NLAB consider together
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ClassNKK

: ; 2017/ 09/ 25
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j ClassNK's

Certification of Condition
' Monitoring System

ClassNK
Renewable Energy Department

5 Copyright By NIPPON KALI KYOKA!
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ClassNK

( » Outline of CMS Certification )
» Requirements for CMS

» Requirements for monitoring body
Outline of CMS certification

O So far, Condition Monitoring System (CMS) has not been
employed for wind turbines in Japan. However, it is
mandatory requirement for offshore wind turbines.

O Certification system for CMS is not established yet
internationally.

Outline of CMS certification ClassNI

» What kind of certificates should be issued? To whom does the
certificate issued?

In the case of ClassNK,

O Type certificate for CMS (hardware & software)
The certificate is issued to the CMS manufacturer.

O Certificate of monitoring body
The certificate is issued to monitoring body. Monitoring body
is usually CMS manufacture or wind turbine operator (user).

—r—

For example, B&K Vibro has their own system for centralized

monitoring of vibration data and SCADA data. In this system, measured

data are transmitted to B&K center by way of network and analyzed in

the center. If something happens, an alarm signal will be sent from the
' center to operator of wind turbine.
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ClassNK

» Outline of CMS Certification

( » Requirements for CMS )

» Requirements for monitoring body

Requirements for CMS
* Main components to be monitored:
O Turbine blade  (gtfonal )
O Main bearing
O Gearbox
O Pitch system
O Yaw system
O Tower ( optional )
* CMS system is basically composed of
O Sensors
O Signal processing system
O Data acquisition system (A/D convertor)
O Datadisplay
OO0 Datarecorder
00 Data communication system
O Software
Requirements for CMS ClassNK
fot Just o idea
» ClassNK: category for CMS type certification:
O ClassA
The function of condition monitoring and fault diagnostics has
been verified in two or more commercial base wind turbines.
O ClassB
The function of condition monitoring and fault diagnostics has
been verified through model testing and the system has been
used at least in one(1) commercial base wind turbines.
O ClassC
Prototype of CMS.
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Requirements for CMS ClassNK
* Documents to be submitted:
Category
Documents
Class A | ClassB | Class C
Specification of CMIS X X X
Specification of CMS hardware X X X
Software manual X X X
Manual for calibration of sensors X X X
Format of condition monitoring report (X) (X) (X)
CMS model testing report X X
Track record of CMS for commercial base WTs X X
CMS verification report for commercial base WTs

Remark (X): To be applied in the case the CMS manufacturer is monitoring body.

Requirements for CMS

ClassNK

Separation between CMS and WT system:

a. Inprinciple, the electrical circuit for CMS shall be provided separately
to the control system and safety system for the wind turbine.

b. When data acquisition is made branching the SCADA data to CMS
system, the branching circuit shall be installed so as not to affect on

the SCADA system.

c. Itisrecommended that the measurement of a rotational speed of
main shaft is to be made using an independent speed sensor not using
the speed sensor already installed for wind turbine.

d. CMS is required to carry out condition monitoring and fault diagnostics
of wind turbine components and display alarm message according to
the results, but not accepted to stop the wind turbine automatically.

In cases where abnormalities are detected, CMS shall inform the
operator that the wind turbine is in abnormal condition. The wind
turbine shall be stopped manually by the operator after confirming the

abnormal condition.
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Requirements for CMS

ClassNK

Technical standards for CMS functions:

<< ClassNK is now under developing the standards >>
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Technical standards for CMS functions:
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Requirements for CMS ClassNIK

Technical standards for CMS functions:
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The problem is fault diagnostics for gearbox. In current technology, It is
impossible to detect the fault of planetary gears using vibration sensors.

Requirements for CMS ClassNK

Calibration of CMS sensors:

a. The method and interval of the calibration of all sensors used for the
CMS shall be documented and the document shall be provided to wind
turbine operator (user).

b. Instead of the calibration, operation check for the sensors may be
accepted depending on the type of the sensors in cases where
approved by ClassNK.

Environment for CMS installation:

a. Design temperature for electrical devices (e.g. sensors, signal
processing device, data communication system, etc.) installed in
nacelle or tower shall be considered for an environmental conditions
(normal: -10 deg C — 40 deg C) applied to wind turbines.

b. For extremely high or low temperature environmental conditions,
specific design temperature according to the environment is required
for the CMS.

c. Incases where the CMS is installed in offshore wind turbines, IP class
of electrical devices comprising CMS shall be IP55 or more considering
the salt damage. -
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Requirements for CMS ClassNK

EMC (Electromagnetic Compatibility):

a. Electrical devices comprising CMS (e.g. A/D converter) shall satisfy the
requirements of IEC standards or CISPR standards in terms of EMC.

b. Inthe requirements mentioned above a., electrical devices shall
conform to at least following standards concerning electromagnetic
interference:

Measurements of Radiation CISPR 11 (EN55011), CISPR 22(EN55022)
interference wave

Measurements of conduction  CISPR 11{EN55011), CISPR 22(EN55022)
interference wave

Measurements of harmonic |EC 61000-3-2 (EN 61000-3-2)
wave in power supply system

Fire protection:

a. Cables used for electrical devices comprising CMS shall be of flame
retardant types (E§ %A 1TE).

ClassNKK

» Outline of CMS Certification
» Requirements for CMS

( » Requirements for monitoring body )

Requirements for monitoring body ClassNIK

One of the most important requirements is qualifications of personnel for
condition monitoring.

Qualification:

Type of monitoring Qualifications

Vibration monitoring » |SO 18436-2 (JIS B0912-2) category |1, Il or IV
* Work experience of 5 years or more

Monitoring other than Qualification s of personnel will be judged by
vibration monitoring ClassNK on a case by case basis.
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