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The share of each categories

The share of renewable energy is still low which is only 1.6% in 2012(the year FIT started)
The ratio of PV is getting higher especially after FIT introduced

(f8xWh) (RRERHRIZEHEHE)
1w ————————————————————— —————— 20%
| AR
160 -_— R

|

i mH
140 ! - /A TR & 1'5%%

i’ — AT AN — B KA .
120|
100

i - 1.0%
80

! 0.5%

' ey 03%
40 ]' i i B W i
o 1' - 0.0%

2005 ms 2007 zo:o 2011 2012 mn
RPS m.xﬁﬂlmﬂﬂ 2

FIT program in Japan 2014

(DFIT has started over from Jul.2012. Since then “/MNEZEHFEE” has been formally categorized .
The FIT price for PV has been slightly decreasing year by year.

@20n the contrary, the B FETE has the higher price than PV even for 2014.
Especially, for the category of under 20kW, the price is JPY55/kwh.

(3The government has some plan to increase the share of B 1 E especially Ocean Wind cases .

i
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The current status of /MEZR S FEEHE holding NK license

Wrp-0m

REREHRES

HAUEEE | HEEES Fhid RERER Blishi:BREARE saemagBion | EEdiw | EREELALGR
TC - 0001 7T t7r-hazit 124E5FIR | Airdklohin GT0 / 2-100-550 m| ) 358
Frc - oo [err—tatzit R PO B sl e 5

<0 B HANTALS#Ae b F =T H-YANT Teshockagy Corp. 20135 4R (3000 261 149 g

16 - 000 T T Tl P ENER e | 2 —T 22 u
TG - 0005 ?:w:—t& gt =a-HARE 013 ||Rzzﬂ|mmk |,43£-| 95| 4
Tc - o006 Bezy VirdPaver Cu sty WirdPower Co, 0136128 128EACEL 10 11341 1 B
Té: - 0087 HEEHUTAY K BASHITLOK WEET 7R |- A1 147 12m 5
1) SRERRERL, £ THBEARARI B —FE LD T RS ORRTET IO SHRES
&2 B 71, BRI In SO 2R A
i£0) BERELA M, REA T TREL THALO-5P0S nd ERLL B L TR AR

There are seven models for the moment.

We are the only one ZE[E #i#!model among these sevens.

4

Manufactures

The process to start FIT for /NEE A FHEE

There are three major steps top start FIT for /N2 D5 R
Please kindly refer Q@@

/Distributors

4/
Applica,tien‘ﬁr Licen@
__~Test data with PCS

=Overseas License

- (—8h BEEHHE
Class NK
ﬂﬁﬂwﬁénse on models)

540 32 5E (facilities Authorization) by
Regional Bureaus of Economy, Trade

RCERCHTAGE

(Discussion for grid-tied)

2

and Industry

BHEXRE

Electrical Power Company

REERICETIYEHRE RIERMEETO)
The temporary procedure for grnid-tied(before establishing license system) before JET
certificate system established.

-We need to extend some testing based on the guidance of (—B) ER T £ BB R =
Japan Electrical Safety & Environment Technology Laboratories=JET )
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The global road map for & A (the reform of electric power supply)

(T)step 1: in the year of 2015
establishing[f 18 4t = F#2 A8 (the wide area Grid system-operation organization)
Enhancement for companies to do B RFEET( own house generation of electricity)and sell power to FIT

(2)step2: in the year of 2016 Now only 10 Major Power companies
/5% B Bk (free entry for power retail market) dominate Japan SuchanBEEH

(3)Step 3: 2018-2020
% E 5B (separation of BE &EE)

H 1.
[TeesEznienoRs
27nys.Lae
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Obstacles to expand /NEE A FHKE

There are four major obstacles for us to expand this business

@ﬁsum“with B h &1t (individual negotiation with respective power companies)
Since there is no JET certificate system in Japan, we must negotiate power companies for FIT grid tied.
Power companies ask so much strict data of /NEREL D FEEH and PCS.

Even beside the data approved by NK, they will ask further testing.
Actually many of manufactures or distributors shall give up FIT gird tied due to this reason and they are
waiting for JET certificate system.

@&k 132 7E (facilities Authorization)rules are different area by area
The Regional Bureaus of Economy, Trade and Industry is responsible to approve this application.
This rule and procedure is different by area.
Also due to the experience of PV, this rule is getting severe.

@Finding the suitable places
Most of the wind farm(large scaled )has been established in
Hokkaido or Tohoku area.
This is not wind reason but also general reputation for wind turbine.
Except these areas there is still strong unti-movoment for Al H #E.
This may give some impact to the decision of The Regional Bureaus
of Economy, Trade and Industry

@High cost gt 2
PV has been getting cheaper and cheaper including PCS and construction. Py '
But for /MEZJEL JIFEE, because of less experience in Japan, the cost is higher. ot
This is why to assure reasonable IRR to investors is hard for us although FIT -
price is much higher. -
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How to overcome these obstacles
There are four major obstacles for us to expand this business

@‘Eﬁumﬁwith B h&tt (individual negotiation with respective power companies)
We are on the right way to get approval from Hokkaido power company and Tokyo power company .
We applied to both of them Apr.2014 and it is taking almost three months.
Our case is rather lucky since Hivawt and Yaskawa made precise testing in Taiwan and Japan and most of the document has
been ready. For other manufactures, they may face harder condition if they do not use Japanese common PCS.
After getting approval from Hokkaido and Tokyo power companies, the procedure for next site shall be much easier.
We can expect same advantage even to other power

@EkEEETE (facilities Authorization)rules are different area by area
There is no commen standard by central government and each Regional Bureaus of Economy, Trade and Industry is responsible to
approve this application. As a nature of public office in Japan, they would pay more attention to actual precedent
In this sense we have advantage to have Nemuro site which is only one site of /MEEE 73R E having more than 15kw capacity.

@Finding the suitable places
Through the process of Nemuro case, we have learned a lot how to..
(1) negotiate and nudge the land owner
(2) register the place properly
{3) nudge the local government and neighborhood by explaning how safe and how silent our system is
These points are really imporatnt and difficult in Japan.

But with this actual case of Nemuro, it will be much easier to enforce these work.
@High cost A
To reduce the transport and construction cost is key factor. =3 e
In this sense, to have a good partner who has......
(1) logistic function r”
(2) construction function R

(3) sales network all over
Is really important. Fortunately we have several partners with these cond

LiEERET 888 (Hokkaido Nymuro)2

¥ 145" 500 2¥ FEREIE: 7.1m/s
B O[E: 430 2157
& 30m X

R %)

AL

L B
i

i

Im{s)

w752 :mmam%(m
W37 BRI FEEER (m/js) o

S 6789 1011 120%
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Bk Mg "
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LEERET 88 E(Nemuor Hokkaido) 2

FBTFHEET. 1m/s(The average wind speed/Annual)

FHEE SEEN HREE | BEER) FERER) R PY) HEES
/s W " hrs kwh g5h ﬁ{liupvss.fkwh)
IWETIL |wET I [1BkwET I SkwETI | SwET L L18kwET IV IwETI | HwETL . 1BwETIL
DS3000x1 |DS3000x3 |DS3000x6 D53000x1 | DS3000x3 | DS3000x6 DS3000x1 | DS3000x3 | DS3000x6
0.5 0.0 0.0 0.5 438 0.0 0.0 0.0 14 404832 1214497 [ 9428995
1 00 0.0 3.0 262.8 0.0 0.0 00 pE:3 809,665 2428995 . 4857989
2 00 0.0 1.5 657.0 0.0 0.0 0.0 kE: 1214497 3643492 1 7286984
3 6.0 18.0 36.0 10.0 876.0 5.3 15.8 3.5 4% 1619330 4857989 9715979
4 820 2460 4920 11.0 963.6 790 231.0 474.1 5% 20241625 6072487 12144974
5 2250 6750 | 13500 11.0 963.6 216.8 650.4 1,300.9 6% 12428995 7286984 | 14573968
6] 3830 | 11490 22980 10.5 919.8 352.3 1,056.9 21131 TE 128338271 8501481 i 17,002,963
7| 560.0 | 16800 33600 10.0 876.0 490.6 14717 29434 8%  13238660! 9715979 : 19431958
8] 9640 | 28920 | 57840 10.0 876.0 844.5 25334 5,066.8 9% | 3643492 | 10930476 | 21860952
90 1,383.0 | 41490 | 82980 6.5 569.4 781.5 23624 47249 105 | 4048325 12144974 | 24289947
10] 1,890.0 | 56700 | 11,3400 6.0 525.6 993.4 29802 5.960.3 114 | 44531571 133509471 | 26,718,942
11/ 2,542.0 | 76260 | 152520 5.0 43801 11134 3.340.2 6.,680.4 124 | 4857,989 | 14573968 | 29,147,936
12/ 3,143.0 | 94290 | 18,8580 9.0 7884 | 24719 74338 1 148676 134 | 5262822 | 15.788.466 | 31576931
144 15667694} 17002.963 . 34,005,926 |
B 100.0 | 8,760.0 | 7,360.6 : 22,081.8 : 44,1635 158 | 6072487 ; 18,217,460 ; 36434921
165 | 6477319 1 19,431,958 : 38863915
$This simulation is based on NEDO(New Energy and Industrial Technology Development Organization) 7% | 6882152 | 20646435 41292310
data which is measured at an altitude of 30 meters 185 | 7286984 | 21860952 43721.905
194 | 7,691,817 1 23,075,450 | 46,150,899
204 | 8,096,649 | 24289.947 | 48,579,894

5
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Taiwan Japan Small Wind Turbine Forum [Meeting List]

01 August 2014

No. Organization/ji{ir Name/tE Title/ i &
| Tomoshige Tanaka Chairman
[k §R7E e
9 Michihikﬂlﬂakmum Viee Chairman
. R HIE
lapan _Sn_']all wined Turbines Kiyashi Inous .
3 |Association{ JSWTA) 1 b Director
| B A L B | Maoyuki Okano ;
4 e Director
B EiT
3 M‘*“_k" L-nmd.a Dirzetor
IEm
Hikaru Matsumiya .
& (HIKARLWIND Lab. Lid. . Drresctor
P E
. ;’::;fgﬂggcmmc o CHEN.TZOMG-CHYUAN  |Director General
e Eil
D T e
Bureau of Standards, Metrology . ) ) :

g [Elmspection MOEA.ROC, CHEN, ';;lw};;ﬂ WA :“';E;'W"sm
b "

g Mational Taiwan University LEE, KUNG-YEN Assistant Professor
frf s % L.
Imstitute of Muclear Energy HUANG, CHIN-CHENG  |Deputy Director

10 |Research P AR
(£ sz " -
Taiwan Electric Rescarch and YEH, JI-MIN Deputy Director

11 [Testing Center - -

SE W gt I N
12 CHEM, CHEMG-KENG General Danager
- [l i B SpSEEf
TSalL ME M

13 |Hi-VAWT Technology Corp. Eﬁ?m 32;-

T RE TR [ AR S LI, KENG-KUAN Direcior General, Sales &

14 o . Marketing Division (Dept.)

BREEE

15 Fung Gin Da Energy Science CHUMNG, CHUN-NEMG General Manager
and Technology Co. LTD s dingE

y < TR A T R R (R £ B CHUNG, CHUN-YUNG  |Special Assistant

- liffe A _[EEERh
17 TS0, CHUN-TO Director
Taiwan [nstitute of Economic Tl aicd
CHANG, CHIN-1EN Advisor
18 |Research g e
Agh AT Ei 2 L=}
0 SREARAM SU, MEL-HUI [Chief
s |
20 Senichi Sasaki Deputy General Manager
ek F— It
31 ClassMK Shigemitsu Acki Technical Advisor
[ =5 i T o WK T fiTRARY
22 Sadao Akahoshi Manager
e R ¥E
23 Yashiaki Kenmochi Technical Specialist
5 HIfE BLEE Lt
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HIKARUWIND.LAB.Ltd

Hikaru MATSUMIYA

3000

e =]

Wind Power Capacity (MW) in Japan
]
|

1996 | 1097 1;B|t999.mlzm
[mCopaciy®™MWI] 13 [ w7 [ 32 | m [ a6 [ 303

Wind power capacity in Japan

As of 2013, the national target of 3000 MW by 2010 based on the international
agreement of GHG reduction oriented from COP3 is still not accomplished yet,
instead it seems saturating.
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Key Statistics in 2013

Wind Power Capacity 2,670MW
New wind capacity installed 56 MW
Total electrical output from wind 4 TWh/year
Contribution (Wind generation as %
of national electric demand) 0.5 % @
Average capacity factor 17 %
National Target None

Activities on SWT

IEA WIND

3 * In FY 2013 slept due to budget problem
* In FY 2014 return to TASK27

iea wind

IEC TC88,CAC SWT

* Partially supported by National Committee
* Participated in Cheju and NREL meetings

National activities

 All experts and JSWTA are waiting for new national
project for SWT

» Some individuals have continued their own activities
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2. Feed-in Tariff in Japan

Present status of FIT as of End 2013

» Started in July 2012
> FIT Price : 55Yen+Tax ot aVenen || ssensTax
for SWTs (< 20kW) | Period [ 20 Years | 20Years

» Number of Approved Models of SWT for FIT : 2
» Number of Approved Units for FIT by Dec.2015: 9 (Total 2 kW)
» Number of Certificated Models by Class NK: 6

@ Effect of FIT : Introduced new RE power by FIT
» Total : 7,044 MW
» PV: 6,845 MW (97.2 %)
» Wind: 74 MW (11 %)
Positive effect of FIT on SWT is not seen although it has the highest Fit Price.

8
Published Data: Introduction of FIT for Renewables
(Data source: METI)
(A) Before
[Introduction of
Renewable Enarg -
Plants .
PV (Buildings) 42.9%
PV (Non Bwldmgs) 536.6%
SmalliMedium ”
Hydro-Power 200 : — D
Biomass Power Plant 2,300 19 iy 5.2%
Geothermal Plant 500 1 00 0.2%
Total 20,600 7,044  100.0% 34.2%
6
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Visualization: Effect of FIT in Japan

10,000 ——
——4929— : - =
= —— =600 2,300
E 1,000 2008 = = Before
B = = 522 Introduction of
= . = = FIT(- End of June
a — TREE 2012)
m —~4 = 2|
U 100 = i =i . ‘___: -___.
v — : — :
8 B ] - {1 After
= ! Introductionof
2 10 - 4 ! FIT(Jule zo1z -
E. = = End of December
= —— 2013)
=1 |
| 1
1
2\ 5 & -
<% Q‘s“z F \Q\@Q
& & & &
Q o .(‘é‘
QQ & (}o“
&
<
N Y 2
%d‘} Before and After FIT Introduction in Japan J
Certificated SWT Models
Certificat Date  Wind Turbine Manufacturer Reference Reference Reference
ion Model Annual Power Acoustic
Number Generation (kW) Noise Level
(kWh) dB(A)
TC-0001  26JUN  Airdolphin GTO / Zephyr Corporation 786 585 54.55
2012 Z-1000-250
TC-0002 20Feb  Z-9000 Evance Wind 9,167 4,71 53
2013 Turbines Ltd
TC-0003 03Jun  DS3000 Hi-VAWT 2,669 1,849 59
2013 Technology Corp.
TC-0004 18Julz2  WINDSPOT3.5K SONKYO ENERGY 4,818 3,214 43
013 W
TC-0005 22Nov  NWG-IK NIKKO CORP 1,435 905 43
2013
TC-0006 12Dec2 EXCEL 10 Bergey WindPower 13,842 8,863 51
013 Co.
8
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Note on FIT and SWT Market as of July 2014

t of 6 certificated are made i
 domestic test site for certificat

rery few national standard power control
 for national.
) delay of development of JET’s type certificatio
1 that relates to protection function of grid con
of grid connection negotiation has not t
yet.
ared to turbine price, certification cost is too
tion of tower, of which height is over 15
ause of deregulation for Wind Tu

3. Development of simplified design methods for VAW ,;

> R&D

Simple design equations for a vertical-axis wind turbine (VAWT) were developed
mainly by the experts in Mie Univ. and JSWTA under the NEDO R&D Program (FY
2008-2012).

» JSWTAoo001, Annex C

Development of the simple design equations for a vertical-axis wind turbine (VAWT)
was added into the JSWTAooo standard in 2013.

» Status of translation
Draft translation was done (personally) and reviewed by the experts in Mie Univ.

However, it will be of great value to have international discussions among those
countries who have also their own standards or attractive markets.

» Structure of contents

The structure of Annex C patterned after IEC 61400-2 Annex F. The technical base is
traditional mechanical engineering.

10
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Annex C: Scope

JSWTAO0001

Annex C
(formative)

Development of the simple design equations for a vertical-axis wind turbine
(VAWT)

C.1 Scope

— This annex applies lo a verical-axis rotor try with respect to ils eq ial plane.
— This annex applies to a rolor with a number of blade(s) within 5.

— A design with this simplified equations s valid when the deflection of the rolor shaft is not larger than
0.3 % at its cenler under the load case H and thereby such a cantilever structure syslem that the rotor

shaft is supported at its first bearing may be laken as dynamically stable.

— No wind shear is considered.

€9 Number Blades < 5 (Limited by wind tunnel experiments)
# Rotor shaft deflection < 0.3% (at its center under load case H)
(Simulated with MATLAB Simulink)

€ Wind shear effect on fatigue need not to be considered because the
cyclic variation of blade angle of attack due to its rotation is much
larger than that due to wind shear.

11

Annex C: Load case A: Normal operation

(1) Loads on blade

For design rotor speed, the difference between the maximum force and the minimum force on a blade
during one cycle (= maximum amplitude) is given by Equation (C.4) based on experimental result of

flap-wise force under various tip speed ratio:

1
AFyg = 2 pAsrey p(1-5Vieign)? - (8.5Agepgn — 3.2)++visseesssssssnsiniiinsiceni(C)

where
AFg is the amplitude of the force acting on a blade in X5 direction (flap-wise direction and in

the radial direction of the rotor)

Apesin Maximum projection area of a blade (area in plain view)

The numerical values in Eq. (C.4) were determined from the highest
value calculated for 7 airfoil sections NACAo008, 0012, 0016, 0020,
0024+ 0028, 0032

12
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Annex C: The thrust on the rotor shaft in operation

The thrust on the rotor shaft in operation is given as:

1
Fr= CTEpci‘svdesign )ZA(CS)
where,
Fr is the mean thrust on the rotor in operation
Cr is the mean thrust coefficient on the rotor in operation
a is air density
A is rotor swept area (=DH)

If no data on mean thrust coefficient C; is available, ¢y shall be 1.2.

Thrust coefficient Ct = 1.2 was 12 |
determined by wind tunnel tests for 2, 3, Yo
4 and 5 bladed HAWT. (See Fig.) ) _
o 08 02 Bladed Rotor (4.0m's wio b eover)
22 Bladed Rotor (8.0m's w/o hub cover)
E"f' 02 Bladed Rotor (8,0m's with bub cover)
E 8 43 Bladed Rotor (8.5m's wath hub cover)
g S A3 Bhde Rotor (5.0m's wio hub cover)
02 <4 Blade Rotor (20mvs w/o hub cover)
# 5 Blade Rotor (8.0m/s wio hub cover)
- ——— ——— — — —_—
0 3 4 -3 8
Tip Speed Ratioh
13
Annex C: Load case H: Survival wind
(1) Loads on blade
For a parked VAWT, the force acting on one blade is determined by the resultant force as follows:
1
FXB = Cl‘.l'l'!a!ﬂ Ep‘qprui B V,_.SUZ """"""""""""""""""""""""""""""""" {Clg)
where,
G max is maximum resultant force coefficient
Aproip is maximum project area of a blade
Veso is extreme wind speed with a recurrence time interval of 50 years
In case no data of the resultant force coefficient C; .. is available, a value 2.0 shall be taken.
After investigation of max. resultant force on a airfoil section, it was found that the its
coefficient is not larger than 1.9 at angle of attack is around 90 deg.
Then for safety, Crmax was determined 2.0.
14
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Annex C: Load case H: Survival wind

(1) Loads on rotor shaft

The drag acting on the blades of a parked rotor generates wind force on the rotor shaft:

5 1 5
Pshaft = CFShﬂft .2_ o Aprni,BvESBZ ....................................................... ((_“23)
where,
Craatt is the thrust coefficient acting on the parked rotor
Aproj,p is maximum project area of a blade

The values of thrust coefficient Cry,,q are given in Table C.1 depending on the number of blades B.

Table C.1— Thrust coefficient Cy,,.p acting on a parked rotor
B 1 2 3 4 5
Crian 14 2.0 2.0 2.9 32

Table C.1 was newly developed by experts of Mie Univ..
Wind tunnel tests and calculations being compared, the
later were found to be safer.

Thus the numerical values were decided according to
simulations.

15

4. BWT Field Measurement & CFD Campaign
at Nasudenki-Tekko Site

<Technical data sources>
Nasu Denki-Tekko Hideki TOKUYAMA
Kanazawa Univ. Takaaki KONO

Purpose of Campaign
(1) Measurements of wind characteristics
around a building ~
(2) Flow simulation by CFD Code )
(3) Discussion of possibility to create:
(Main target of IEA TASK27)
® Turbulence model for BWT
@ Rules of CFD-Application for
measurement of flow field and
power performance of BWT

Nasudenki-Tekko Building
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Measurements of wind characteristics on Nasudenki-Tekko Building
By Hideki TOKUYAMA

€ 2 anemometers (3D- Ultra sonic and 2D- cup/vane type ) were set on the building roof-top as shown
in Fig. 1.
€ Campaign plan:
[+5T Period (Sept. zo13 ~Sept. 2014)] Measure flow field using the two anemometers without
SWT
® to measure wind distribution and to analyze wind speed ratio (2D vs 3D)
® to analyze of turbulence around the building
@ to compare between field test data and CFD simulation
[2M Period (Sept. 2014 ~Sept. 2015)] Replace 3D-anemometer with a SWT to measure power
performance of the SWT under a built environment

Note: 3D- Anemometer : Ultra sonic (measurement items=u, v, w and temp. 20Hz )
& 2D- Anemometer : 3cup and vane type (measurement items=u, v. 1Hz )
Fig. 1 Field Test Set-up SWT: Aura 1ooo (diameter of 1m, rated power output of 135W (at 10m/s))

2[2-
Anemo

Ultra sonic
3D-Anemo

1.5m 5
2.5m 2.5m

1* period setting condition 2™ period setting condition Test site (photo from south side)

Field test data

€ Wind turbulence and standard deviation of wind direction (Fig.2 and 3)
(10min average data_ analysis term=Nov. 8% ~Dec. 10t)

Turbulence intancity (ICUP ve ULTRASONIC)_ d Tati of wind
TIi=90 percentile : ALL DATA (BCUP v ULTRASONIC)TI=80 parcentiie : ALL DATA

0.8 —+—3cup S0-DIR 90%
o= e DEUITIR0MW 50 B

e = ULTRASONIC_TIDON —=-UITRA SONIC 50 DIR 90%
o4 [(— Lef ] e

&
o3 | = o

02 | — 20
01 ————— — = 10 |

Q= a e —-

o 2 a 10 o 2 -] 10

4 G 4 [
WIND SPEED (m /5] WIND SPEED (m/s)

Fig.2 Turbulence Fig. 3 standard deviation of wind direction

€ Wind speed ratio 2-D/3-D for 3 wind directions (NbE, N and NbW)

(10min average data_ analysis term=Nov. 8" ~Dec. 10h)

Cormelation between ultra sonic and 3 cup anemometor Sonlcandd b cup
[30min ave_girectien=Extract of NbE sactor data) Titweia ave,_ dbectlanmExtincs of N sariac da) [16min ave_irection = Extract of NbW secter data]

i and

3 ! .

.yt el

& ot Sl 4 t e
i 2 e z ?y
5! T Tl || =l s e i
= 4 = ¥e 116 003
3} i W os7E
1 1 '.*
L) L
L ) 3 L% 2 A4 d LR 4 4200 ] (13 1 15 3 15 ] LT 45
e semic m) 8 asi 1 3y 3 Gas 2 ns a4y R e ity

Fig.4 Wind speed ratio for NbE, N and NbW
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CFD simulation setup

500 -

by Prof. Kono i o
»> CFD software: FrontFlow/red E 300
> Turbulence model: Standard k-e model ¥ 200 |
» Number of grid points: 2.7 million 2 o
» Simulation Cases: Table1 B .
» Velocity profile at inlet boundary: Fig. 5 § 5 4 o
> Analytical domain: Fig.6 Wind speed (m/s)

Fig.5 Velocity profile at inlet boundary
Table1 Simulation Cases

Case Prevailing wind | Height of wall along
direction elevated railway
N o

North
NbE_o North by East

00 m

NbW o  North by West

N_1 North
Assumed as the same as the
NBE1 Noxtirhy East railway’s thickness :
NbW 1 North by West E= 210 m

Fig.6 Analytical domain

CFD wind field simulation shown with wind vectors at 1.5 m above the
target building roof-top

wind :
wind

[ | :,: L I RO A il speed
| I|| ﬁ I. :!: i ,m il _.'_". L :. II.: 8 : N )
i 0 " @ il ) e, e e Al \ (m/s)

2D
anemometer

3D
dnemometer

Case NbE_o "ase N_ Case NbW_o

Fig.7 Flow simulation results for 3 directions
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Comparison of wind ratio(2-D/3-D)
between field test and CFD

Field CFD result_1 CFD result 2 Relative error =
test (Wall height (Wall height (Field-CFD)/Field
result =0 m) =railway’s
NbE 1.297 1.139 1.180 +0.122 +0.090
N 1.275 1.312 1.723 -0.030 -0.351
NbW 1.214 0.952 1.201 +0.216 +0.011
Note:
Definition of N,NbE,NbW are the Wind Directions as follows:
N = North (6 =0 deg)

NBE = North + A (0 =11.5 deg), A=11.5deg
NbW=North - A (6 =348.5 deg)
Range of each Sector [N], [NbE],[NbW] is =5 deg from the center (total 10 deg)

Considerations
In the present CFD 3D polygon data, the following obstacles are not included:
[a] Side fences of the elevated railway in northern direction

[b] Advertisement board placed upwind side of the target building

Elevated railway Advertisement board

Target building

1. After some trial computations, it turned out that effects of various obstacles around the
target building are larger than expected.

2. More sophisticated 3D polygon data possibly could improve the degree of accuracy by one
higher order, resulting in the practical application to BWT testing,.
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5. Notes for future

+ Small wind turbines (SWTs) are valuable like stadium of stars.

+ Technology Development
Although there are plenty types of SWTs, not many have been technically

completed and become economically friendly.
It seems still much more R&D efforts are needed.

+ Continuous Social Supports
Considering that SWTs industries are still very small, continuous social support

structures are absolutely necessary.

+ International Cooperation
SWT activities became stagnated in some countries due to the policy change.

Japan has not made a recovery yet.
Any international cooperation will activate and encourage the SWT society.
It is very important to earn recognition as publicly essential activities.

Thank you very much for your attention!!

% 35 H




T - & TR R R

///

i R I

Planning for Regional Cooperation

Towards Prospective Development of SWT

In Dialogue with JSWTA and ClassNK, JAPAN

1
nyy

[ L]
[

Taiwan Institute of Economic Research (TIER)
, [S\WA/ Taiwan Small/Medium Wind Turbine Association (TSWA)
J i

CONTENTS

1. Current Status of SWT Industry in Taiwan

2. Developing Standards and the
Testing/Certification Scheme

3. Involving in Multilateral Technology
Cooperation

4. Recommendations
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Current Status of SWT

Industry in Taiwan

_— >

Global Vital Markets

—
« Dominant Products - < 1kW , stand alone
» More and more incentive programs drive growth of grid-tie
products of 1~5kW
Countri CHINA us UK TAIWAN
Stat R <50kW <100kW <50kW <10kW
arus 2013 2012 2012 2013
Sale Units 71,900 14,700 6,958 5,553
Units 19,700 11,000 3915 5,227
(Capacity) (27.5 MW) (54.0 MW) s (2.8 MW)
Export | (Ave. Size) (1.4 kW) (4.9 kW) (0.5 kW)
Values
(US$) 41 M 363 M 83M 8.3 M
Units 52,200 3,700 3743 326
(Capacity) (33.5 MW) (18.4 MW) JE2(0.16 MW)
?;ig;e (Ave. Size) (0.6 kW) (4.9 kW) (0.5 kW)
Values
(USS) 105.5M 101 M 169 M 0.7M
Total Values 146.5 M 464 M 177.3 M 9.0M

!\,—f Source | CWEEA(2014) * Renewable UK(2013) ~ U.S. Department of Energy(2013) ; TIER(2014)
-

Note . Currency Rate RMB : NTD =1:5. US$:NTD=1:30

A=
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Oversea Installations

« Mass installations experience in China

5

FOS C Hingom Shanghai, China Vicinam

Hi—E-[lt‘l‘ng(“"illd—PﬁI SL) Hi-Energy(Wind-PV SL)

By

A ;

g Jet.Lowver = °

Export Competence

g —

* Well system design capabilities and strong domestic
supply chains for SWTs (<5kW)

« Products export ratio : 94% (US 40%, China 34%,......)
* Dominance in VAWT markets

‘JTrends of Sale Units.
10,000 ‘9,326 : _ ;
8,000 7,589 7 B 4 ax il
6,000 5,331 5,553, ) = BT
4,000 N23% OOoe .
' 4,497 JapL. i Hawr 0
2,000 \\,r :
0
20104 20114 20124  2013% 2014%E(e)

Source : TIER{2014.06)
Note : Based on a investigation to 6 major SWT companies in Taiwan

o
P
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Domestic Testing and Design Evaluation

« Internationally compatible domestic standards —
CNS 15176-2 (2013 rev.), CNS 15176-2-1 (2012, unique for VAWT)

« Two international accredited testing sites — Chigu and Penghu
» One credible design evaluation organization —INER
« AVPC (voluntary product certification) program is conducting

CNS 15176-2 (2011,2013rev)
CNS 15176-2-1 (2012)

AWEA T2z US AWEAO.1(2
JSWTA Japan JSWTA(2011

{mw UK BWEA(2008)

128 1EC61400-22d3(2013)

Testing Bodies (TB) ofe

[ Conformity Statement
(field testing) ‘

Type Testing Reports ¥
Certification Bodies (CB)
|

, | -~ VPC Taiwan f SWCC, MCS, JSWCC |
4 L TUV-NEL, DNV, Intertek, NK....
Chigu test site }

Penghu test site (MIRDC)
(TERTC)
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Deve|0ping VPC (Voluntary Product Certification) SCheme

- —
Other International
= Recognized
Certification Schemes
D Or Testing Reports
(SWCC, MCS, NK....)

chiglitest " Recommendation

Certification Scheme
(CWEEA and TSWA)

Design Evaluation

NER Cross-Strait Market
Manufacturing ~ 100,000 units/year
~ > 100 product types

(BSMI associated
Laboratories)

l_:JT

v [

- Domestic Products Acc uiring VPC

» 6 manufactures with 20 product types are currently in
the sale market

*4 types among them acquired full type testing reports

Manufactures Type Reports Acquired
HIZVAWT SKWVAWT v’ Power Performance
Power General 3kW HAWT v Durability ‘
Delta 3kWHAWT | 7 3afety and Function
Tesco 3kW HAWT
Boltun 600W HAWT v Power Performance

1.2kW HAWT v Durability

* with a credible design evaluation report and applying VPC now

 Expecting 2 products acquiring VPC this year

I G IO 5 5 1.

s
"'

e
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VAWTjoint standard --'-'n:wsfl:ﬁﬁt:f&aﬁl"ma i1 Announced in May, 2013
development . gg;ﬁg%g’z'l
(2011 ~ 2013) T
VAWT field test 1 0s-3000 CXE-1000
comparison project | Hi-VAWT v g Timar Scenery | .
Phase 1: Sep. 2012 ~ Tech. Co. Energy Tech. Co

Mar. 2013 (Taiwan) Ltd. (China)

Phase 2 : 2014~

SWT bUiIding i Rasa [ I 02201403*[& at [ T I i [a
integrated and i P e,

it i
FIRF/ R A WD (3) 5 A ¥R

installation joint — _

standard development i f f L

LEFISIRE - RS
Mg B8N (2)12AEEE N o |
nder develoPing 2014") + 2016HFEFEE PR, IF BT AL RS S R RAE
r X : :
&_(:‘H Developing draft contents and working milestone

! ug-?anqﬁlg_
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_IEA Task 27 Involvement - BwT Measurement

* 2 high turbulence field measurements are
conducting this year

« A parallel CFD modeling is undertaken by Shandong
University, China

New Taipei City
Danshui

)
College of Maritime
Technology #

_ Roof-top on
Chigu test field

l_..ﬂ'

_IEA Task 27 Involvement - sLM Development

« Task 27 proposes to open a new working package
(WP5) - Simplified Load Model (SLM) development

« A preliminary proposal was presented Draf';\:oposa”mmmpm
by TSWA at VM#10 meeting (13th June )| ATt g e
IWHEHEE DRSS
« TSWA will concentrate on acquiring PUNERARARED
more verification data for Darrieus &. Sk .
Savonius VAWT SLM

» current available funding : INER, Taiwan o

» scopes : verification through load =
measurements &. BEM/CFD calculations w.r.t.
fatigue and ultimate loads

« Need to invite at least two more international“
teams dealing with H-type and Helix-type

r.ﬂ
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Pro

nosed Milestone for V-SLM

Load Measurements

w.rt. H-energy DS-3000

Tracks 2014 @ 2015 . 2016
Q3 Q4 Q1Q2Q3Q4 Q1Q2Q3Q4
V-SLLM1 ls\f;;:igxements Load Measurements | Intcnlnzmcnal

Comparisons

protocol _ and Interrogations
;, e T

V-SLM2 g;f;:;ai‘ S:‘ UP [BEMFatigue Tternational
Fatigue loads : Mots doliugy Analyses wrt DS- | Comparisons
through BEM/CFD 13000 and more types| and Interrogations
V-SLM3 g:ﬁ:n(%mige [BEM Ultimate A.nalyses: Inter:lanonal
ultimate 10adS . ‘;}:.Yr.t. DS‘3 000 m DS—3000 a'nd morge Compaﬂsons
through BEM/CFD L Eypes H and Interrogations

Notes: (1) TSWA will concentrateon Darrieus &. Savonius VAWT development &. Verification

(2)The same milestones for H-type and Helixtype may needto be developed by other teams.
(3) Here BEM refers to single or multiple stream-tube model

B Cross-strait
(CWEA and TSWA )
joint VAWT

standard -

GB/T29494(2013)

CNS-15176-2-1(2013

WF Pro

Taiwan and Japan Small Wind Forum)

W Japanese
standard -

(2013)

JSWTA 0001 Edition 2

posal — the Initiative

) —
US, UKEU.... oo x  Japan
Markets N
) Market S Market
N . ~  CB:INK
,9\3’5\:\85@ W ?
S Qb«c.a Korea
DR ~ Taiwan 7
T ./ Market

Regional cooperation towards

strong TB,CB, and joint recognition scheme

International involvement on technical

cooperation (IEA, IEC... meetings)

%- Large wind issues

%43 H
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Proposed Agenda for the First TJISWF

— Time : 5™ Nov. 2014 (Wed. — Place : NTU, Taipei, Taiwan

"TISWF 1 Agenda(draft)

Opening Ceremony and VIP Speech

Official from MOST, Tarwan: Official from

10:00~10:20 |Guest Address IAJ. Japan: Official from BOE, Tarwan;
Official from BSMI. Taiwan
Taiwan Small and Medium Wind Turbine
10:20~10:50 |Status of SWT Industry in Tarwan Association

Chun-To Tso. Secretary General
Japan Small Wind Turbines Association

10:50~11:20 |SWT Market Policy and Chance of Business in Japan

(to be confirmed by JSWTA)
ClassNK
10:50~11:50 |The SWT Certification Scheme mn Japan Shigemitsu Aok, Principal Certification
Auditor
Urban Wind Technology
Taiwan Small and Medmum Wind Turbine
13:30~14:00 |Status of SWT Applications and SWT Urban Performances in Tarwan Association

Chin-Jen Chang, Advisor
HIKARUWIND Lab. Ltd.
Ph.D. Hikaru Matsumiva

14:00~14:30 | The Technology Development of SWT Turbulence Measurement in Japan

Department of Engineering Science and
14:30~15-00 (1) The Cross-strait VAWT Field Tests and Comparisons Ocean Engineering, National Taiwan
: : (2) SWT High Turbulence Measurement in Tarwan University

Kung-Yen Lee. Assistant Professor

TJ Forum and Cooperative Issues

Taiwan Small and Medium Wind Turbine
15:15~15:35 |Imtiative of Tatwan and Japan Small Wind Forum Association

Chin-Jen Chang, Advisor

Taiwan and J: representatives to discuss

L i

15:35~16:30 |Discussions on Regional

e Issues

Bilateral Incentive Program for SWT Testing and Certification

g —

e The project concept and proposal are under developing
for summiting to MOST, Taiwan

e Every stakeholder in this project earns profits and the
bilateral certification recognition scheme can be realized




e

Recommendations

« Japan and Taiwan SWT industries strengthen solid
cooperation issues and move towards a strong regional
TB,CB, and joint certification recognition scheme

Possible Cooperation ltems Way of Approaching

1. Urban SWT Technology Development TJSWEF, IEA Task 27,
International Coop. Project

2. V-SLM Development (MOST Taiwan or IAJ,Japan)

3. Bilateral Incentive Program for SWT International Coop. Project
Testing and Certification (MOE or MOST, Taiwan)

4. JSWTA and TSWA Recommendation Drafting JTRCS Constitution
Certification Scheme (JSWTA+TSWA)

5. SWT+PV Bilateral Humanity Project for TECO + IAS
Vast Emergency Events

I e et IO 5 57 5.5
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NIPPON KAIJI KYOKAI (ClassNK)
Wind Turbine Division 01Aug 2014 Tokyo

&9 Copyright by NIPPOM KALI KYOKAL

Today’s item

ClassNIK

r (Outline of SWT (Small Wind Turbine) )

» ClassNK Type certification for SWT

» Proposal of new certification scheme for SWT

1 August 2014 2
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Overview of small wind turbine system ClassNIK

Power meter

e || [
m— - zl =
Power Conditioner J—‘j
Control panel = %

X ¥
e i l
| E b I 0ad

IQ:\\\\\. Y \\\‘\\\‘I\\\\\\\'\\\\\\\\\‘\\\\\\\‘\ NN
Cable

r
f

1 August 2014 3

FIT (Feed in Tariff) in Japan ClassNK

FIT for renewable energy in Japan [HAUGXEpIsRE)
Solar PV > 10kW <10 kw < 10kW *

Purchase price 32 JP\+tax 37 JP\ 30 JP\

Purchase period 20 years 10 years 10 years

*) Double power generation ( combination of solar PV and other power generation
such as fuel cell

> 20kW

Purchase price 22 JP\+tax

<20 kw
55 JP\+tax
20 years

Offshore
36 JP\+tax

Purchase period 20 years 20 years

SWT (Small Wind Turbine)

1 August 2014 4
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FIT (Feed in Tariff) in Japan

® |n order to realize FIT for SWT in Japan, the certification or
confirmation of following items should be cleared.
National Grid

Regulations/
Rules

SWT JSWTAOO001 Type certificate will be issued by ClassNK.

PCS Grid-connection Type certificate will be issued by JET*L
(Power code However, rules for the certification are not
Conditioning established yet, so tentative rules are now
System) applied to PCS and individual negotiation with

power company shall be done.

Tower and Electricity Business In the case of SWT which is 15m or over in
Foundation Law (2014.04-)*2  height, this law is applied. ClassNK have a plan

(BEREEXR) to carry out plan approval and survey of the
tower and foundation of SWT based on the law.

*1) JET: Japan Electrical Safety & Technology Laboratories (BERR 2B EBERT)
*2) Old Low: Building standard low (B S E %E%)

1 August 2014 5

Rule making and certification on SWT in Japan ClassNK

( BFANRENHS )
Japan Small Wind Turbines Association (JSWTA)

* JSWTA is mainly composed of many Japanese SWT
manufactures and develops or amends the Japanese

standard on SWT.

Japanese standard: [JSWTA0001 ]

Design documents I

Site test data N BABENS

(ClassNK)
Certificate = SORLHERE
(Certification body)

1 August 2014 6

Manufacturer | ¢
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FIT Scheme for SWT in Japan C|aSSNK

Power: < 20kW

Selling Electricity by FIT

. Testing
Price 55 JP\/kWh Body

Electric Power

Companies @
Grid - . ™
Connection | —> SWT —> | SmallWind |/ swT
Turbine

Installer <~ .“Iﬁanufactur#r
t] \\ " s y
5 | Type
Equipment 4 5 ]
[ Accreditation I S s
ClassNK
Local Bureau of Economy,

Trade and Industry BERE RS
*FIT: Feed in Tariff

1 August 2014

Today’s item ClassNIK

» Outline of SWT (Small Wind Turbine)

> (CIassNK Type certification for SWT ]

» Proposal of new certification scheme for SWT

1 August 2014 8
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ClassNK Type Certification for SWT ClassNIK

Standards of NK Certification

® |EC 61400-22: 2010 “Conformity testing and certification”
® JSWTA0001: 2011 “Small Wind Turbine Performance and Safety Standard”

Application & Submission of Documents

*
([ esign basisbvaluation ] IEC Standard J| JSWTA0001

[ Design Evaluation & Approval of Test Program ] @ - = .

— pr—

STANDARD CEETY Ly SrE TS

™M f; ri ‘r?fztn ALE TG0
anufacturin, {TERNATIONALI
Evaluation ¢ Type Testing ‘ SNBSS SR

——,—

Final Evaluation ]

Type Certificate

——

—

1 August 2014 9

ClassNK Type Certification for SWT ClassNIK

ClassNK Wind Turbine Division was accredited as
Certification Body for Small Wind Turbines by Japan
Accreditation Board (JAB) on May 9t 2013.

Current status of certification on 1 AUG 2014

1 August 2014 10
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Certified Small Wind Turbines C|aSSNK

Certificate No. TC-0001

“Airdolphin GTO / Z-1000-250"

(Zephyr Corporation)
Photo by Zephyr

Certificate No. TC-0002
Certificate No. TC-0003

“Z-9000”
(Zephyr Corporation) DS3000
Photo by Ardnell (FUJITA BUSINESS PARTNERS
Co., Ltd.)
Photo by FBP
2,
1 August 2014 -
Certified Small Wind Turbines ClassNK
~
Certificate No. TC-0004 Certificate No. TC-0005 Certificate No. TC-0006
“WINDSPOT3.5KW” “NWG-1K” “EXCEL 10"
{Japanlife Co., Ltd.) (NIKKO COMPANY) (Bergey WindPower Co.)
N\ S
1 August 2014 12
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Certified Small Wind Turbines ClassNI<

( B

Certificate No. TC-0007
“RW3K-JA-01”
(Riamwind Corporation)

1 August 2014 13

ClassNK Type Certification for SWT ClassNK

Review & Evaluation

® Review of users manual, installation manual and maintenance
manual

® Review of design document including strength calculation of SWT

® Manufacturing evaluation

® Review of field test reports:
v" Duration test (min. 6 months)
v" Performance test

v" Acoustic test
Propeder type
v' Safety and function test A
H-Damiaus typs

(vertical aas)

1 August 2014 14
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ClassNK Type Certification for SWT ClassNIK

Review & Evaluation

® Review of other test reports:
v/ Static load test for blades
v' Electrical tests for generators ~
* Winding resistance test
* Withstand test
* |nsulation resistance test _

Only JSWTA0001

Load

Remark:
Static load test for blades and electrical tests for generators are not required in AWEA
(US standard) and BWEA (UK standard).

1 August 2014 19

ClassNK Type Certification for SWT ClassNIK

Field Test

v Field tests should be carried out at test site accredited.
< In TAIWAN > ,
* MIRDC (Metal Industries Research & ﬁ%:ﬁ\“
Development Centre)
Chigu Small Wind Turbine Test Site

ERIEXMAZEDD
thP/NERDERGAKERE

* TERTEC (Taiwan Electric Research &
Testing Center)
Penghu Wind Turbine Test Site
KERENFRRB D
R DR A RS

1 August 2014 16
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Today’s item

ClassNK

» Outline of SWT (Small Wind Turbine)

» ClassNK Type certification for SWT

> (Proposal of new certification scheme for SWT )

1 August 2014

New certification scheme in Asia C|aSSNK

Current situation

N

~ T O Certification body

> O Testing site

“pxm

Certificate is required for FIT

~ Certificate ??? L PrE > Certificate no need

E vl Vi T

'.9'.(_

In China, low-grade SWTs are possibly on the market.

There might be a need for voluntary base SWT certification.
Particularly in Chinal!

7 E S

1 August 2014
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New certification scheme in Asia C|aSSNK

<Incentive>

* Nota FIT
* Not a mandatory requirement
by government

* Differentiation and grading by
obtaining a international
certificate

ma T hf{,- J4UED
* |t may be possible to establish a new certification scheme
which cover the whole of Asia

‘ry‘.*é;-------‘-

1 August 2014 19

New certification scheme in Asia CIaSSNK

Technical requirements

Comparlson of SWT standards (O: required)

e i v

Design | Load & load case ()
Safety & function O O O o
Tower (] O (O) o*

Testing | Duration test O O @] O
Performance test O O O O
Acoustic test O O O 0
Safety & function test (o) O O o)
Static load test for blade O O - -
Electrical test O O - -

Audit O O - O

*) Certification of constructor
1 August 2014 20
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New certification scheme in Asia C|aSSNK

Technical requirements

< Asian standard >
* Even minimum requirements can ensure the safety of SWT:

Design Testing Audit
Load & load case | Duration test Annual or once per 5 years
Safety & function | Performance test
Fower Acoustic test
Safety & function test
Staticload test for blades
Electricaltest

(Same as BWEA)

1 August 2014 21

New certification scheme in Asia CIaSSNK

Technical requirements

< Asian standard >
* Alternatively, the combination of reduction of design evaluation and

strengthened site tests may be realistic.
rr;in' 1 year ( for example)

Design /Testing Audit
Load &loadcase |Duration test | Annual or once per 5 years
Safety & function | Performance test
Tower Acoustic test (optional?)
Safety & function test
Static load test for blades
Electricaltest

* Regarding technical requirements, further discussion will be needed.

1 August 2014 2
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ClassNIK

THANK YOU
for your Kind attention

1 August 2014
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