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1: Next-Generation SiC/GaN Variable Speed Drive Systems —
“How to Handle a Double-Edged Sword”

2: Power Electronics Contribution to Achieving Carbon-
Neutral Society

3: High performance motor drive techniques by multiple
inverters

4: Trends of challenges to zero carbon by railway companies
in Japan

5: High Power Density and High Frequency Converter Design
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1: Recent research on Hydrogen Energies -From Hydrogen
Generation to Its Use

2: Emerging Technologies for Power Electronics Reliability:
Online Monitoring and EMI, Heat, and Loss Reductions

3: Energy Engineering in Renewable Energy, Electronics, and
Communications -Power Converters for Grid Network

4: Decarbonization Initiatives in the Railway Field

5: Ocean Renewable Energy and Smart Fishery

6: Integrated Technologies of Circuit, Device, and Control for
High-Performance Solid State Transformers (SSTs)

7: Green Chemistry & Carbon Neutralization




8: Robots & Mobility with Sustainable Energy Systems

9: Power Conversion Technologies that Contribute to the
Modernization of Power Distribution Systems

10: Advancements in Power Electronics for Flexible DC
Transmission Systems

11: Advancements DC Microgrids: Architecture, Topology,
Control and Applications-1

12: Innovations in Renewable Energy and Energy Efficiency:
Advancing Control Systems and Optimization Techniques

13: Advanced Power Conversion Technologies for Sustainable
Energy Systems

14: Control and Operation Techniques for Microgrids

15-1: Advanced Power Conversion Techniques and Controls
for High Performance and Efficiency

15-2: Advancements DC Microgrids: Architecture, Topology,
Control and Applications

16: Report on Research Results of Renewable Energy at Aichi
Institute of Technology Eco Power Research Center

17: Energy Engineering in Renewable Energy, Electronics, and
Communications - Power Network Management and Control

18: Power Electronics for Highly Efficient Computing

19: Emerging Technologies for Renewable-Rich Power Grids:
Design, Modeling and Control

20: Intelligence in Renewable Power Systems: Multi-Domain
Perspective for Future Design and Analysis

21: Energy Engineering in Renewable Energy, Electronics, and
Communications - Power Electronics in Electronics and
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1. Power Electronics Contribution to Achieving Carbon-Neutral Society!"!
- Mr. Masayuki Tobita Vice President of TMEIC, Japan
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ICRERA 2024
13T INTERNATIONAL CONFERENCE ON RENEWABLE
ENERGY RESEARCH AND APPLICATIONS

November 9-13, 2024, Nagasaki/Japan 3 TME'C ‘

We drive industry.

Power Electronics Contrlbutlon to

Achlevmg Carbon-Neutral Society

Masayuki Tobita

Vice President, Power Electronics System Division,
TMEIC Corporation

November 11th; 2024
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Power Electronics in Future Energy Networks

The illustration shows a concept of
the future energy networks,
Renewables and Green Hydrogen. Compressor
= Renewables will be the primary station
energy sources in the future
power network. Energy storage
will support the renewables for
stable network operation.
Chapter 2 focuses on these
aspects.
= Green Hydrogen will form a new
future energy network to
complement the electrical network.
The Green Hydrogen will work as
the clean fuel where electrification
is challenging. Chapter 3 focuses
on these aspects.

Electrolysis

Hydrogen vehicles, airplanes, ships
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Technologies for High Efficiency

MPPT: Maximum Power

TMEIC PV inverters enhance the generation power from the PV panels with Point Tracking control
high MPPT efficiency and high conversion efficiency. i Pt -
~ High MPPT efficiency o e P A=
= The PV panel power output varies time by time. f:’“" 6kWim? . J§\ = %
> The MPPT finds the maximum point on varying output. S [ vakwins : a %
= The MPPT efficiency reaches 99.9%. §2,: \ : 2
= High conversion efficiency = G w o 4 = = .n.J g
~ The Key is to minimize the pOWer . | Max 99.1% EU Efficiency 96.8% Ay Volisge  MERT comtrolyesgs ran
losses in DC to AC power " —— : e 120%
conversion process. i = 00% el
> Advanced 3-level circuit, NPP § o [Coming o cowaion -‘§ o
(Neutral Point Piloted), reduces = w _—%LJE?_‘/ i
the loss to 63% of those inthe ~ ** [ H SR
conventional circuit. P [ B I 1 g !

» The maximum conversion
efficiency reaches 99.1%.

L el 2-level NPC - -
Conversion efﬁmency o 3-level NP-piloted 3-level

the world highest class Loss reduction by advanced 3-level circuit
ME g C e dnive insustry Confidential
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Energy Storage Systems (ESSs) are necessary to dynamically balance the
power difference between the renewables and the consumption. By doing
so, ESSs contribute to the stabilization of the network, for example,

= Compensating the frequency variation =
= Preventing the load shedding or the renewable curtailment

Wind generation
plant

Batteries I/ /}

DC circuit
|

Inverter for ’j
Energy Storage

W4 37 LERFHI
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Demand and Production Capacity of Hydrogen to 2050

|EA foresees that hydrogen demand to achieve net zero by 2050 will be approximately 530
megatons.

Electrolyzers will play a major role in producing hydrogeﬁ, as shown in the figure.

600
Mt H, Outlook by IEA

s00 —HYdrogen demand for achieving o
Net Zero by 2050 ... 530Mt H,

600
Mt H, Outlook by IEA

Hydrogen production capacity necessary for
achieving Net Zero by 2050

400

400

300

0
2020 2025 2030 2035 2040 2045 2050

o
2020 2030
= Refining ® Industry = Transport

2040
" Fossil ®With CCUS = Refining CNR = Electrolysi:
®NH; - fuel = = Buildi = Grid inj - Shades

“ Power

2050

The graph was created by reading out the information on page 109 in *Net

Roadmap for the Global Energy Sector” published by n:_xpag ZEORI 2008
The pdf file avallable at https://iea.blob.core. windows.

The graph was created by reading out the information on page 44 In “Global Hydrogen Review 2021 published by IEA. CORR pdf
The pdf file available at htps:/iea.blob.core.windows.net/assets/5bd46d7b-906a-4429-abda- Note: CCUS... carbon capture, utili 2y .
29050726234 1/GlobalHydrogenReview2021.pdf bl

Refining CNR...hydrogen by-product from catalytic naphtha reforming at refineries
MEgC e itisty

0c34-4539-900¢
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Tens-MW Power Electronics for Arc Furnaces

= At present, the SVCS (Static Var Compensation System) can
be a solution for the challenges. SVCS uses fast reacting self-
commutated converter technology and cancels the power
fluctuation caused by the arc current variation.

= In future, more advanced solution is expected to harmonize the 30MVA class SVCS converter
arc furnace with the renewable-based power networks, in Al -
Gl — ~ Reactive- -
addition to enhance the productivity of the arc furnaces. eI |

Power network | i LT

Small power —av— currentand | 1l [y
fluctuation reactive power \1 ‘ l1 ‘I | l\ l\ i\ {
I\ \”\HVH\H AN ey \

Arc furnace o AL R
| current and O«i‘ X ¥ *J HHH AL, Reactive power
Large power Compensation reactive power [ \/ A \P&éﬂ“{\JHW\
fluctuation ITETTETE T VY e Ml
Renewable | SVCS current ofHLHRARARKA

power plant SVCS AAARAAAARARARAR SRR

Arc furnace Example of actual operation of arc furnace and SVCS

W 6. SVCS x5t
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2. Trends of challenges to zero carbon by railway companies in Japan'?!

- Dr. Hitoshi Hayashia East Japan Railway Company, Japan
PAREAEE TP MRS P E R R OPR > d AP AT S
(JR East) 1 Hitoshi Hayashia ¥ 2 3 2, 4@ 7 o N 7 £ 3108 p AR &

2

PR IE AP R R AR > S RN R A RO X oo

R s

Trends of challenges to zero carbon
by railway companies in Japan

Hitoshi Hayashiya

East Japan Railway Company (JR East)
Former President of Industry Applications Society (IEEJ)
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JR EasTUAPAN RAILWAY COMPANY

Introduction

Each railway company in Ja
middle term target to achieve ca

lanning long or

pan is making efforts to realize energy saving and is p
rbon neutrality

5
o 1.83
1¥) 3
ZERO-CARBON = Milkon i S
o tons ! NetZero

CHALLENGE 2050

f Purch: .9‘, ‘ Intraduct;on ofenergy-savmg facilities )
SN 5

Electrici
(45%) Tohoku area COz2 free by FY2031.3 | All purchased area CO2 free by szosa 3

CO2 free

Self-generated Reductlon of carbon in step wnth renewal of
Jpowerplants

lecticity power: plants and other facilities

- (469)
) Intmdlnlon of energy-saving facilities |
Fuel Deploymﬁnt of battery-powered hvhrid rallcars ‘
(99%) D of hydrog T hydiogen
I hyhrkl trqln,s — 7| hybrld tralns o =

ﬁ JR East(zero carbon challenge2050)

JRRER

East Japan Railway Compan
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J EASTUAPAN RAILWAY Cumrs:

ving control

ucted by R&D division and opera

Rolling stocks and dri

Trial of energy-saving driving is cooperatively cond

Features of energy-saving driving

1)Shortening acceleration time and reducing maximum speed

2)Lengthening the coasting time
(Note that the operating time required betwee

tion division.

n stations remains the same.)

Fastest speed High T ............................... b ——
Fastest speed Low [««««-ee-: B AN —

o
8 Coasting
UE)L (Without accelerating and
c braking)
'g Conventional operation
== Energy-saving operation \

A Station B Stati
ion

i Distance from A station
* Energy-saving operation was tested on the Ya i
manote Line, and 10% ene i
; rgy savings was confirmed

*In I]e uture, we W()”’d “ke to Nnc pO a et IS phllOSOphyl OA O g em ()II]ale(l (“

W 9. &5 5 & B
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I.R EAST JAPAN RAILWAY COMPANY

OGA Station ey NIITSU Station
Baﬁery v‘ucles are charged by wmd power

Regenerative inverter for station

W10, 2 3enf 2 KRR

(3)ESS £ Inverter & * : £ A ke T 45 (ESS) frif % B (Inverter) i
I pE AL L AT AT UG o ‘?"313?]“ T E\"ﬁf‘)@ﬁ' i o o)

- B T
e -3 Fodrd g d LBk GRBFRENTER L LRT U E
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Regenerative power —re enerative inverter U EASTUAPAN RAILWAY COMPANY I

In JR-East, 2 regenerative inverters were installed, at Fukiage SS and Kajibashi SS.

> Kajibashi SS is located underground area and / G hermal anN 5%
supplies electric power to underground area Power plant /4,

of Tokyo station(110,000MWh/year) which has
large loads for air conditioner or lighting.

> Fukiage SS is supplied from private power
grid, so excess regenerative power can be
consumed in the private power grid.

Private power grid,

Tractiol

ion Traction :

substation/ \substation, Regenerative
energy flow

DC1,500V

Distribution line

AC
ﬁ]? 5% ! 6,600V
B

11 3 sk e 8 F R
@)fEm A2l B BALI RN A T BT 2P L NFREE
5 J&(Demand Response)fr i #t 7. Fi(Virtual Power Plnet)2. & * o &4 > f =

PR

e o FlxbaE B 7 3000kWh ehig i ik st 0 38 {7 DR 4o VPP e * B3

4o@] 12 o

, The other related important topics IR nsTosman RaLAY CONPT

mge Battery system aimed for DR or VPP @ KINTETSU

Kintetsu railway installed huge battery system(3000kWh) in 2019.
In 2023, they have started verification test of demand response with power company.

Normal operation Power shortage in electric

power company grid
Electric power
compan! compan)

. Traction Distribution Tracti
3 ion
Battery system was installed in [Bedey fesder feeder
Higashi Hanazono SS

Distribution
feeder

Power from ‘

electric company Discharge power

from battery system
East Japan Railv >omnon

Reduce power

Wl 12. 2 sbenfEar o stae §
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3. High Power Density and High Frequency Converter Design'!

- Professor Huang-Jen Chiu National Taiwan University of Science and

Technology, Taipei

AL TR S R AR ER ER o o PR Fartinis
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\
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gh Power Density and High Frequency Converter Desig|

y
Presented by HJ Chiu
Dean, College of Industry-Academia Innovation k =
NTUST .

o

W 13. % # 5 % R{o3 Rk FR
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Market Trends of Power Devices

Ef‘ﬁciency — AIN / AlGaN (6.0) : USA and Japan are leading at AIN substrate technologies,

; but power devices are still under developing
high [~ Diamond (5.5) : cost too high

| Ga,0; (4.5) : Japan Flosfia has develo

ped 4" substrate and 600V SBD,
MURATA Novel Crystal Technology pro

duces Ga,0; power devices
— GaN (3.45) : HEMT = 100 ~ 900V, toward 1.2 kV/ 1.7kV
— SiC (3.26) : MOSFET = 600V ~ 3.3 kV, toward 6.5 kV.

‘ i535]  Comveniona <

‘ﬁ‘ Future market trends 5 --—%
WBG

§ Competitive markets %

— GaAs (1.43) : Telecom Applications
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High Power - Wide range of output power
The 100W~20kW wireless charg

ing system has been developed and can be applied to the
charging needs of unmanned aircraft, electric bic:

ycles, electric motors, unmanned vehicles, AGV,
electric vehicles, etc.
> Battery Range: 5V ~ 48V > Battery Range: ~ 96V
> Power Range: 100W~3kW > Power Range: 1kW~6kW . o
> Application: Drone, AGV, robot... » Application: Electric Stacker, electric : gm?ga?\?:sx\?vofz\()kw
gloyCe; elecirio motorcycic > Application: electric vehicle, electric
Drone ‘

N

Electric Stacker
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@ Power Factor Correction
__________________ Power Inductive Load :

ST [Load Side] PF=0.71, ing-> [Grid Side] PF=0.
.y T HH] Coractie Lona: " 0 (010 Sl P08 g
Fe g r T = S : E :' i [Load Side] PF=0.67, leading - [Grid Side] PF=0.93, leading
I R i @rom Harmonic Distortion (THD) Improvement
'_t v Jafocnc |-2a mone == Rl [Load Side, Phase U] THD 6.8% - [Grid Side] THD= 0.1%

@' Three-phase Load Unbalance Correction
Voltage Imbalance Rate :

[Load Side] 3.22% -> [Grid Side] 0.06%
Current Imbalance Rate :

[Load Side] 51.84% - [Grid Side] 1.81%
@ Realizing UPS Function in Microgrid
Direct uninterrupted power to the regional grid when blackout

Stabilizing Load Side Voltage! F
Empirical results show no current changes due to load changes

T
@ B EERR AR

OCP, OVP, OTP, Surge Protection & Communication
Sending real-time alarms through the communication unit (TTU)
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1. Enhanced Virtual Power Plant Generation Forecasting in Japan Using Fuzzy
Decision Support and Bidirectional Long Short-Term Memory Models!*!
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e (BILSTM) #-3l4p % & » 3 m R Rt TIpR| it -
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Fuzzy Decision Support System (FDSS) module BiLSTM module

Membership
L degree |p]

=

buia b b by b b5 B

Maximum daily power prediction

_,| Power generation

[
Fuzzy clustering of X .
maximum daily Test data builder forecasting via :l““’f blue
(FDSS test data) recursive method | ! VPP

power generation |
(blue fuzzy number) ! generation
1 - ! data (DA &

I

I

- . Power generation
Initial power generation 8
P, ‘.ﬂ . forecasting via . ]
forecasting via BILSTM . markets)
(Direct Prediction)

recursive method :
(red fuzzy number) . HwT=red

........................

1
i
i
Test data I | Training data |
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ERE LIPS B T

sMAPE MAE MSE RMSE

Prediction [%6] [GW] [Unitless x 1012] [GW]
Model Lhr | 2hrs | 7hrs | 38hes | 1br | 2hrs [ 7hrs [38hes | 1hr | 2hes [ 7hes |38hes | 1hr | 2hrs | 7hrs | 38hrs
AR sile6]110]162 | 0341036 1.42]12.07 | 0.65/0.66[5.4017.87 | 0.80 0.81]2.32]2.81
ARMA 59l6al113]157 | 0331036/ 1.46]2.05 | 0.65/0.68]5.6918.36 | 0.81]0.83[2.39]2.89
ARIMA 59 |64] 113|157 033|036/ 1.4612.05 | 0.65/0.68]5.69/836 | 0.81]0.83]239]2.89
SARIMA 49531211165 | 0.32]034] 1541252 | 0.65]0.67]6.41[11.44 | 0.80]0.82]2.53]3.38
SARIMAX 50153] 121165 0320341541252 | 0.65/067]6.38|11.44 | 0.80]0.82]2.53]3.38
LSTM 44]54162 |64 022]022]039]045 | 0.14]0.14]059]081 | 037]0.38]0.77]0.90
BiLSTM 421566162 021]0231039/048 | 013]0.15/0.611087 | 036/0.38/0.78]0.93
FDSS-BIiLSTM 4114214649 0.19/0.1910.2910.31 | 0.15]0.14]0.33]0.40 | 0.39]038]0.58]0.63

S R TR R RN 14

PETH A BT R EEL 2 Ao > R EFREEAIERFEEFL IR B

2. Time and Day-Based Peak Electricity Demand Forecasting: A Comparative
Analysis of Machine Learning Models for Peak Cut and Decarbonization'™
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Bl T2 U A R R F RN T BT E RS o

FrerhFREkp AR T4 22 (TEPCO)H | e § £ T > T
PR S E 2020 £ 2 2024 & > I A SPRFEEIORERTHRE > FR P L
R TER TR KB - X P AREER o T2 T ERERE P IERST
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Feature Description
Hour of the Day Captures the diurnal patterns in electricity usage.
Day of the Week Accounts for weekly usage patterns.
Month of the Year Reflects seasonal variations in electricity demand.
Day of the Month Identifies day-specific effects on demand.
Is Weekend Binary feature for weekend vs. weekday
Year of Observation Captures long-term yearly trends.
Holiday Flag Identifies public holidays for special demand.

AP RY T IABEL Y FEE AEFEA AR K ¢ 7 Random
Forest ~ XGBoost ~ KNN ~ Decision Tree = LightGBM % o iz B L 7 HF
2o B4 R e AR E AL R 4 oTfipl E AR b o o BB RUTEIF B 2 ok
Mo @#F R AnFidndk o Glde MAE (F398 $435 4 )~ MSE (3972 354 ) o

R?Score ¥ » N Bf &£ 7 4 2 K2 34 EFRIERHT o
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Model MAE(10°kW) | MSE(102kW?) R2Score
Random Forest 3.03 19.44 0.723
XGBoost 2.92 16.43 0.766
KNN 3.21 20.14 0.714
Decision Tree 3.58 28.21 0.599
LightGBM 2.71 13.77 0.804

ek 6 A7 % BT 0 LightGBM £33 M R fcd 4 2 Kok v i
3 o # £ 341 MAE ~ < MSE ~ B R>Score 1/ % § 4 % pF RV g | g B
Booipat iBg R 1 LightGBM if & * >0 8 % Vv f 488 % i R g =250
g g4s @2 I MER o SER 194-B 20 3P 7 LightGBM &7 4 2 &
2 BRI R A AAE o oA BIRRP T BRI R R R
WH S A AR S I o Blde 1Y (67.74%) 3 0 (77.42%) o7 "
(74.19%) PFFEF (F o AP 27T > EPHFHREINRERAZTLEFRT AR
oo B HREBRE > ® MAE 3 > LightGBM ° @ KNN frid i fefe & p &g
i > A WE EREFIE R AR 2 B 0 MAE % & 0 FIM AR AR FEIE R IE R
P& A o XGBoost e d8 £ 7 2 H w 4073] > a ¥ =R Apikd & Rk
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1e7 Power Usage and Peak Prediction on 2024-06-06

—e— Actual Usage
164" Predicted Usage Forest)
=== Predicted Usage {Gradient Boosting)
=== Predicted Usage {KNN)
34 | === Predicted Usage {Decision Tree)
=== Predicted Usage {LightGBM)
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Model Accuracy by Month

Model
B Random Forest
B XGBoost
. KNN
BN Decision Tree
mm LightGBM

Accuracy (%)
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3. Renewable Microgrid Technology for Electrified Transportation: A Review!®!

LL ](;r.r

}—? Z‘\ £

"TEF T

21 - %18 DC-DC 4 B &

i 4T

8 7

o AT G

A3 o TR e eV IE (7

I G

o . W

3

SR he B IO R A

LN ?\3} /)f?k‘ 4t 18 %

Lmﬁa S

)

PR eV A T RPN 0 AT

ORMCT oA N B R B 4

a0y

1;[4
=~

=Ry

h
(E- I

-

B OTRERP R U 2 A R T 7 ABR o

AN

v I FEMeELd o T2

g W

X
I 4

Bomik B TNT 4 R o B

FRER enikag o B R F R F oo o

i
E

ST LI M LA RS 2

- B % 5 SMPB 24 e 7 4 it B
LR E e S I A R S
PERTHS S DREAEES S B
PR S LR U L e

28



Power grid :
I 1

PV —> Converters <> HESS E
SMPB :
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i SMPB !
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Electrolysis EVs Electrolysis EVs
\ Grid supplying mode / \ Fixed islanded mode
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\ Grid supporting mode ; () Moo Mobile islanded mode.
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, Storage » Stati . < W .
H, Storage H, Station Fuel Cell Vehicle and train
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4. Smart Systems Employing IoT Devices for Monitoring and Control of Electric
Vehicle Residential Charging!”!

AP LR RN A PHRR A E TR a2

P Bt R R A RTER Y ST 62 ARG FEEFE

30



S
&1}
¥
it
o+
5
ik
\_
-
v
\\1{,;:_
-h_\\
_4;1/
&3
P
L8
&
T
E
K
o
i
o+
is”
£
P
sk
s
&
(m

L RERABEY ART BT R EHTREIRS

- & PUB o

EvV

v
¥ ‘( \ .
© Bhvac . 0 HHVAC
©0

saer ()
S e

W23 FERATEFET Rl E

Wi
P
‘ﬂ%

THIATHTREALE I - BAFBE (I0T) T

i
s
'}Z

KB oWl 240 3% kA 3 B IR IITI2 B S B AT MR 0 A

N
<y

?E‘Eifv“ﬁ,@ﬁié R /ﬁ > ST 133@ﬂ{ﬁ:«fr9%§&;}7§\ “ﬂiéj#ﬁ’l* -
BT g et S (R ARATET oS A RO HT R

31



Personal
Device

Electric Vehicle

Household Smart Breaker
Monitoring System
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4500 90%

——Measured Charging Level
4000 Vehicle Upper e 80%
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@F Oscilloscope

U
AC EV b2 EV BESS
Charger PEC Emulator
AC (N (Single Converter (Three AC (N
Phase 208- Phase 200-
240Vac) 220Vac)

[ EV BESS Emulator)
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