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Technologies for Wind Condition Analysis and HVDC Systems Underpinning Offshore Wind Power Generation
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With the aim of realizing carbon neutrality in Japan, the introduction of offshore wind power generation systems is expected to further expand
on a large scale from now on. This situation has given rise to the need for technologies to survey wind conditions in order to predict the amount of
power generation at installation sites, as well as to realize high-efficiency power transfer over long distances from marine locations to land.

Toshiba Energy Systems & Solutions Corporation is aiming to realize an offshore wind power generation system by making use of the following
proprietary technologies: (1) an offshore wind condition analysis technology cultivated through its accumulated technologies for the measurement
and analysis of wind conditions at onshore sites, and (2) a high-voltage DC (HVDC) power transmission system that can efficiently transfer power
from offshore sites. Applying computational fluid dynamics (CFD) analysis using wind condition data measured at a quasi-offshore site, we have
confirmed that this analysis technology provides a precise understanding of wind conditions such as the three-dimensional structure of wakes
behind wind turbines. We have also developed a modular multilevel voltage-source converter (VSC) suitable for HVDC systems for offshore wind
power generation systems, as well as a prototype DC circuit breaker (DCCB) necessary for multiterminal HVDC systems that has achieved high-

current and high-speed cutoff performance in current breaking tests.

TR, NSO RT3 RN E i HVDC
AT LESN L, SRIFFE Ui ow TR B,

2. RYAFTORREBEF LR FEDRS

1. FADE

H—Rr=a2— I O—EBEHEG HRFEE L L
X—tLC, HEEICBWTHHE ERAOFREI I FAEEhTY

i

%, KR FRAFE S AT L2 HE T B10F, FRIF
MOBLR D5, ﬁikkb‘éﬂ‘{‘ﬁiﬂafﬁﬁ(aﬂﬁt, RIE
Lt cOFERZIEIC TS 2085, £/, FHE
LB hEREREGREZE O L oXERHEcR
PHMERE LB 3 20D D %,

FETN—TTlk, RER>CEREE ERNFEERTO
IR TR VR, HVDC o A7 LBz AL, ¥R
TV AT LNDOHFERZIEL TV, 7 ERIFKED
BB DK E S ORRIERE ORI IO & 3877 BRI ET
W - AT RN BRF 2 D B L L DIT, ‘éléj:ﬂjj‘/ZTL\b:ﬁij
3 2HVDC > A7 LICH R X35 2280 T i W7 25 72
EO T M ERFAFE I ATV S,

HZLEa1—Vol. 76 No. 3 (2021 45A)

e RIS E 00 O BILEHEICIE, FEEEDLEHEF
DHEST, MOKRGLEE LT TA 7 OFAMBELE LKA > b
725, MthiE, ERZRYEAN UK, HALMERM (BR)
ED3FIFEFLEFEREL, FHE YR S5 & it
(LUF, HEPIIWE EigEE) <3 BR B 2L, FHl
T = OOHT R OIRNTAEROMEEZR T ET, K0EE
FE e v BRI TR OBRF R ED T B,

2.1 SAELIDARICEKZERLGE L RS

HEY I WE IR AL DR EARITID > 7z A I B 1,
BeE (AEALE > 5 FE ) LA (BRI 2 5 dbdbvs) 23
RAILLTWIED D, B EYA - & LR %k
RO EL TS,

21



i FAREH
| 25 154
) D=86m D=80m

A HH=78m JIAY HH=78m
Lo EAEI

- \\"0\
7]7..0-\\’

LiDARfiZi& SHAIEAR
ARG 2019-09-03~ ikt flH
DIAY5081 | 2020-09-09~2020-11-30
DIAY50812 | 2019-11-18~2019-12-18

Ol STATH 2

D:REOCO—Y—ERE HH:ERED/N\TEZ

1. LiDARERE(TER USRI
2B DB LIDARZRWT, FIABEY 24 2% 3L,

Positions of light detection and ranging (lidar) devices and measure-
ment periods
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Daily changes in wind speeds of sea breeze and land breeze by
measurement height

22

200 - 200 -

175 e 175 °
[ ] o
150 |- 150 |-
] [¢]
~ 125k . - SN— ~ 125 . oo
£ olfo=s- 8 = 100 °
i ZEE H o o
[ F—-———" o — - o F-—-———" o -—-—--
75 S e 75 s
SOy SO
25 25 |-
0 | | J 0 | | J
0 05 1.0 15 0 05 1.0 15
AL EE AL EE
(a) & () FaEE
*N\TBIOEERTRIZ

3. FUBIOFHEERETOT 711V

16 50 FH BURERTE 7 0 7 7 AV CRHEIN 72, BT ALEFIRUThio 7 a
T ANEMERLIL TS, BEAGALCY A 7Icd 2 Al KAEA R Sz,

Vertical profiles of average wind speed by wind direction sector
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Three-dimensional structure of wake produced between wind
turbines
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Results of simulations of differences between wind speeds calculated
from lidar viewing and vertical directions
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Profiles of wakes produced by land breeze under stable atmosphere
and neutral atmospheric stability

ETHDIETYIA Y DEIERNRI NS 2270 EZ D
N5, huckh, ERASZHWTRALEERNCEHIT —
YEDETHILEZ, FUTHLIEDTIBRINLY,

453, LIDAR®ZA¥ ¥ = 7 LIDARZEDVE— kb
vy v R E RV ORRE N OVE LOBEEDOTA MBI 5
R R A R T AR S D 2 L5, FIEHEE LR
DM RO P, RRLEEE Y T4 VFHiD 7DD
FENT BT DBRFE A DT,

3. HVDCYR T Laffi

LRSI AT LoEB AT, W EYA VT — LR
ZEWE LI RENZRE LR E~RIERICO 70 4G
TBi1TE, KEBRZEDHED?S, HVDCY AT LITE Bk
BOEHTHB, Btk ERNOEHLHLIFHVDC Y
Oy bOETICSELTED, HVDCIZBWTERN Y
7ED DI A EEDH D, COREBEENLT, RS
AT LIANFOHVDC & A5 LD [ 5 2 B S 1 D #H
ATWVS,

3.1 MMCOER

HVDC 3 A7 LM 2 5 E 28 AL E 1%, A28
B L R E IR S, BRI ZHREE T
HOWHIMB o EEETFOBFIcKD, ZIRERICKE
LW EIR AT AR CH B, 58, SCEZHREEE D LA
NEFRLZFEERTBHERE, REERZHERE DM

GE1) 2021 F2RKE, EEROTOVIIVMIEWNT, HHEN,

23



aAVFoy—

AV

FGHER1yF (IEGT)

IEGT : Injection Enhanced Gate Transistor
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Basic circuit diagram of VSC
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VSC for HVDC systems
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Example of configuration of multiterminal HVDC system
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Circuit diagram of hybrid DCCB
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Results of current breaking performance tests on prototype 40 kV
hybrid DCCB
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