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TMEIC: Who We Are?

Established in 2003 through the integration of the industrial systems divisions of Toshiba Corporation
and Mitsubishi Electric Corporation, and TMA Electric Corp. (TMAE), and Toshiba GE Automation
Systems Corp. (TGAJ).

: MITSUBISHI >
ELECTRIC 1999 1

! 2003,
TMAE %
A . TME:iC '
GE » TGAJ —>"
2000 T j
TOSHIBA >

Shareholders: 50% Toshiba Infrastructure Systems & Solutions Corporation
(*wholly owned subsidiary of Toshiba Corporation)

50% Mitsubishi Electric
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TMEIC: Who We Are?

Corporate Profile

Start of Operations

October 1, 2003

Capital

JPY 15,000,000,000

Investment Ratio

Toshiba 50%; Mitsubishi Electric 50%

Head Office

TOKYO SQUARE GARDEN, 3-1-1 Kyobashi, Chuo-
ku, Tokyo 104-0031, Japan

President & CEO

Akira Kawaguchi

Group Companies

Japan:1, Overseas:15 (incl. Affiliate: 1)

Number of Employees

4,505
Worldwide as of March 31, 2023
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TMEIC: Who We Are?
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TMEIC: Who We Are?
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TMEIC: Who We Are?

TMEIC Global Network

/

ORTH AMERICA EUROPE SOUTH EAST ASIA CHINA

> Roanoke Virginia/US.A. "> “ 5 London/U.K. > Singapore > Beijing

> Houston/U.5.A. > Bari/ltaly » Kaohsiung/Taivwan » Shanghai
» Hanoi/Vietnam » Guangzhou
INDIA :
UTH » Ho Chi Minh/Vietnam » Dalian
5? N J':;T}ER:ICA > Bengaluru » Jakarta/Indonesia
» 5ao Paulo/Brazil » Hyderabad i
Hydera 33 > Bangkok/Thailand AUSTRALIA
> Mumbai
> Delhi MIDDLE EAST > Melbourne
© SALES OFFICE > Pune A
* . ® FACTORY
normal shift
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TMEIC: Who We Are?

TMEIC PV Inverter Shlpment (end of September 2024)

Total shrpment
reached'.

51 ZGW

[ 60GW
| 50GW
40GW
30GW
20GW
10GW

oGw L @ @
FY09 FY10 FY11 FY12 FY13 FY14 FY15 FY16 FY17 Fy18 FY19 Fy20 Fy21 Fy22 FY23 End of

Sep-24
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TMEIC: Who We Are?

PCS For Wind + Battery Storage (Hokkaido)
Battery Energy Sturage (Frequency Fluctuation Suppression)
Wind Capacity :99.9 MW
Japan Market Share - Battery Storages Capacity: 100.8 MW/213.2 MWh
A number of commercial bases have also installed E :

PV + Battery Storage (Hokkaido)
(Frequency Fluctuation Suppression)

5 Projects Received in Total

PV Capacity: 188 5MW

Battery Storages Capacity : 127MW/78 5MWh

)ﬁ For Factory (Peak Cut)/In Operation

f Battery Storages Capacity: S00kW/250K\Wh
I
)

For Factory (Peak Cut)/In Operation
Battery Storages Capacity :500kW/250kWh

BESS for Grid{(Saga)
Battery Capacity : 10.8MW/34. 5MWh

PV + Battery Storage
{Tokung-island) / In operation

(Frequency Fluctuation Suppression)
PV Capacity: 1.75MW
Battery Storages Capacity :2.0MW/1.0MWh

—_—

P

n}‘ﬂﬁ“

For Factory (Peak Cut)/In Operation
Battery Storages Capacity : S00KW/S514KWh
S00KW/B11kWh

PV + Battery Storage .

;;-‘ f;nﬁ “)

l
éﬂﬁﬁﬁ F':u%uh?:l? s sian) ; - For Factory (Peak Cut)/In Operation For Factory (Peak Cut)/In Operation

Battery Storages Capacity : 500K\MW/264KWh ity :
Battery Storages Capacity: 2. OMW/1 7Wh ry g pacity Battery Storages Capacity: 500kKW/264kKWh

Confidential 9
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TMEIC: Who We Are?

Hokkaido [Shiriuchi) Kyushu (Tokuno-Island)
PV Panel installed capacity 24MW PV panel installed capacity 2.6MW
Interconnection output 17.5MW Interconnection output 1.75MW

Installed storage battery capacity 1.029MWh

Installed storage battery output 12.5MW, capacity 7.2MWh
High input / output characteristics(2CA), Controlled by 2MW PCS

RPTY—5—
TPSCR B, L Ml -

Hokkaido (Yakume)

PV panel installed capacity 102.3MW
e ) Hokkaido (Abira)

Battery storage system capacity -utpt Z.EMW!I?MWI] PV Panel output 64.6MW

o PCS output 48MW

Battery storage system capacity : Output 34MW/17.5MWh,

with PV
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TMEIC: Who We Are?

Stolirbridge a7 g > Sg:;\u!i - C-u-\-:‘e__.r'!try ¥ m Thatford otk
N m 4 Scittm
> Bury St
Nnrlharrnpton !
S siog.  TOLLGATE hidebirgh
b Battery storage
e/ (Balancing Mechanism, Ancillary Service)
UNITED \ \ Battery storage capacity : 49.5MW/49.5MWh
IRELAND  KINGDOM ! o
ENGLAND 78
ket NETHERLANDS JNE Gford
L{]?DUN *x ) Chclmcslclld
T, & :
]
> = _ Swinden e S ’ x \ Southend-on-Sea
e R ) A - slough London o
L = Cardifi. Y . ot S peeal O S ®
T o Bllé[0| Chippenham Heaéjung m
: i-hnmencement 0

Trawbridge
&
o o

Er Ug{:'.'la'.-" £ Glagtonbury CUXTON
Salisblry wn  Battery storage
(Balancing Mechanism, Ancillary Service)
yeen Sotthamy Battery storage capacity : 49.5MW/49.5MWh

oligate 49.5MW/49.5V

s Poﬂ%g\ul.rtn o -
/ Chichester 1
¥ Worthing Eastbourne
Eridpart Bournemouth

et Mnreat a =
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TMEIC: Who We Are?

ESS Typical Configuration and Scope of Supply

|
TME:C - OWer Plant Controller
I Key:
— TMEIC
(string/rack/madule) i — Bartery supplier
PCS (Inverter with CB) | o -
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TMEIC: Who We Are?

Inverter for PV projects

SOLARE WARE U Specification
PVU-LOB40ER PVU-LO8B80OER PVU-L0920ER

PVU-LOS80OER

Rated Power 800kW / 800kVA 840kW / 840kVA 880kW / 880kVA 920kW / 920kVA
St o Rated Voltage 600V 630V 660V 690V
(AC) Rated Frequency S0Hz / 60Hz (+0.5Hz, -0.7Hz)
Rated Current 702Arms @50°C
Maximum Current 770Arms @25°C
[Maximum Power@98%Eff. 816kWp [ 857kWp [ 898kWp [ 939kWp
Input side  [Maximum Voltage 1500Vdc
(DC)  MPPT Operation Range 875Vdc ~ 1300Vdc | 915Vdc ~ 1300Vdc | 960Vdc ~ 1300Vdc [1005Vdc ~ 1300Vdc
(starting-up from 1450V)
Maximum Efficiency 3¢ 99.1% (%)
Weight ¢ < 1000kg
Inverter Dimensions (W X H X D) 1100 X 2000 X 1100 mm (W X H X D)
Floor space (W x D) 1.21m2
Enclosure Protection Ratings IP 55/ NEMA 3R
Installation Qutdoor
Ambient Temperature Range -25 ~50°C
2000m (>2000m power derating (Max.4000m))

Maximum altitude

Modbus, Ethernet

Communication type
UL1741, UL174SA/IEEE1547 / NEC2017, IEC62109-1,2 / IEC61000-6-2,4 / IEC61727,

Standards Compliance IEC62116 / IEC61400, BDEW / IEC61683 / IEC60068
Standard Number of Input 6 (Maximum 8 per Inverter) Each input rating is a maximum of 400A
AC protection Fuses
DC protection Fuses
11

MPPT number for PV
Standard Control Power Supply

Control Power Supply from Inverter output and Capacitor backup circuit (3sec. compensation)

13

Confidential

TM E Y} C We drive industry



TMEIC: Who We Are?

Inverter for ESS projects

SOLARE WARE U Specification

BSU-L640ER

BSU-LO80OER

BSU-LO840ER

Rated Power 640kW / 640kVA 800kW / 800kVA 840kW / 840kVA
. Rated Voltage 480V (+10%, -12%) 600V (+10%, -12%) 630V (+10%, -12%)
Output side
(AC) Rated Frequency S0Hz / 60Hz

Rated Current

702Arms @50°C

Maximum Current 770Arms @25°C
) Maximum Power 653kWp@98% Efficiency 816kWp@98% Efficiency 857kWp@98% Efficiency
Input side  |5¢ Voltage Range 710Vdc ~ 1300Vdc 875Vdc ~ 1300Vdc 915Vdc ~ 1300Vdc
(BC) MPPT Operation Range N/A
Maximum Efficiency 3 99.1%
Weight <1000kg
Inverter Dimensions (W X H X D) 1100 X 2000 X 1100 mm

Floor space (W x D) 1.21m2

Enclosure Protection Ratings IP55 / NEMA3R
Installation Outdoor

Ambient Temperature Range -25 ~50°C

2000m

Maximum altitude

>2000m power derating (Max.4000m)

Communication type

Modbus TCP

Standards Compliance

UL1741, UL174SA/ IEEE1547 / NEC2017
/ IEC61000-6-2,4 / IEC61727, IEC62116 /

IEC61400, BDEW/ IEC60068

Standard Number of Input

1

AC protection

Fuses

DC protection

Fuses

Standard Control Power Supply

Control Power Supply from Inverter output
and Capacitor backup circuit (3sec. compensation)

TM E Y} C We drive industry
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TMEIC: Who We Are?

Inverter for ESS projects

Rated voltage 660V
Rated power @25°C, 1480V, 660Vac 1400kW
Output side (AC)
Rated current @25°C 1225Arms
Rated frequency 50Hz/60Hz
Input side (DC) DC voltage range 1000Vdc~1500Vdc
Maximum efficiency 98.5%
Inverter dimensions 1,540x2,000%x2,040mm
Weight <2,000kgs
Enclosure rating Inverter Station (IP55)
Installation Inverter Station: Outdoor
AC protection Breaker
DC protection Fuses
Communication Controller - SCADA Modbus TCP

TME' C We drive industry Confidential 15




ESS for Microgrid: TMEIC’s Proposal

» Increase in requirement for microgrid design with energy storage system /‘Energy Storage Load \

tHIE )

Microgrid bus

(ESS) in ASEAN e.g. industrial parks, islands (Indonesia, Philippine), etc.

PCC

» ESS application for microgrid @_/
= Support PV from system operational point of view

e e e e e e - - —

.. . Distribution A
= Maximize operational revenue Network AN
= Support to realize a microgrid without DG by grid forming inverter " Wind Torbime
(GFM) technology T
Combination with
Renewable Energy
DuckCuNE:rLEmmu_m A Renewable Firming TMEIC WI" PI’OVIde
e msares oo ooy oo > System design for PV and/ or ESS
and demand when sunset. by the batter. .
projects
Balancing < — > Grid Stability » Revenue simulation and analysis
Flexibility and peak ;} — nlanncerre;ysizfatnhsedzir:::s?:éethe » Energy storage system operational
management for the \ = inertia of the grid. It means
renew%ble energy and grid . \ﬁéiz Rate of Chan?;;e of Frequency prOﬂIe
energy. ' Tenctin T — , (ROCOF) increase and. grid
Erergy hesource cover the frequency > Plant control system
v fluctuation.
In the Grid
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ESS for Microgrid: TMEIC’s Proposal

Example: confirm the revenue via design & simulation

» Fuel cost (diesel generators, etc.)
» Capacity of generation sources, load profile, etc.

PV output
A =
hour out_pu

0 0

1 0

2 0

3 0

4 019

5 0.38

3] 057

7 075

] 8 087

9 1

P 10 09z

3 Al 0.85

1 12 07z

3 13 057

i 14 042

1 15 0.28

3 16 019

i 17 0.0%

] 18 0

19 o]

P 20 0

3 21 o]

1 22 0

3 23 o]
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Load

A B

| hour MV

90.25852
8432941

784
16.0941 2
13778824
82.68230
9157647
1179294
1442824
1538353
163.3882
163.0588
12 1627294
13 1653647
14 168
16 1637176
16 1594303
17 1825176
18 145.6
19 1383529
20 1311069
21 12165029
2z 12
23 90.25882

— D D 0D ) T O s LD N D

[%]

TMEIC Solution

==S0C
= -Load
, ==ESS1_charged
ESS1_discharged
== PV
== DG

ESS 20MW/20MWh

[hour]

............. ==S0C
15 P B el
- = = - -Load
10 -~ = - -ESS1_charged
=~ - = _charg

ESS1_discharged

== PV
""""""""""""""""""""" —DG
5 10 15 20
[hour]
60 ESS 5SMW/20MWh
40
20
0 5 10 15 20
[hour]
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ESS for Microgrid: TMEIC’s Proposal

ESS SMW/20MWh

Battery Degradation

Customer's

controller

From
other RMU

PCS, battery communication/
charge/discharge command,

4.05MVA-33/0.63kV P&Q command

MV Step-up
transformer

AC Panel

Year

PCS observation,
control command

L
r

PCS cbservation,
control command

DCU
(Distnibuted
Control Unit)

&

Battery Racks

M

DC Control Cabinet

7T\
HVAC System

Battery observation/ =i
control coqiman d Access Control system

i )

Fire Suppression System

S

Battery container

TMEIC scope

ETH: Ethernet module

BMU: battery management unit
PCU: Plant control unit

DCU: Distributed control unit
IMD: Insulation monitoring device

ttery Container {llBattery Container
2.7TMWh 2.7TMWh
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ESS for Microgrid: TMEIC’s Proposal

ESS SMW/20MWh

r====" s e :
1 : RMU :
' ; : !
' : : '
1 | H ! N
| \ : [ Customer's
: : : controller
From | eie—— I To 1
other RgU wrnwararennd other RMU PC35, hattery communication!
H charge/diskharge command,
PCS Contalner 4. IMVA-22/0.6EKY P&d command

MV Step-up

transformer
PC% observation,

control command

Discharge

PCS observation,
control command

DCu
(Distributed
Control Linit)

PCS 1400kW | PCS5 1400kW

Charge .
PC5 Container

Battery container

attery observation/
control command

ETH: Ethernet madule

BMU: battery management unit
PCU: Plant control unit

DCU: Distributed control unit
IMD: Insulation monitoring device

Battery Container |l Battery Container

P
1

[
1

: TMEIC scope
1

1

1

1

1

1

I
1

1

X 2 sets
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Grid Forming Inverter: A Key Technology for Microgrid

Power Resources Characteristics

Synchronous Conventional I Grid forming 1
Generator Inverter (GFL) I Inverter (GFM) I
' |
Inertia as v/ NJA l 4 i
energy buffer (Physical inertia) l (Synthetic inertia) i
| |

Frequency I
response V V I V :
Stable | I
Operation in v N/A I (V4 I
IBR-rich grid I I

. I
Island!ng v NJA I v |
operation I

I
Adoption / v/ | Approaching Market :

I

in industry (Widely-used) (Widely-used) Entry
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Grid Forming Inverter: A Key Technology for Microgrid

Effective Utilization of GFM

TM E Y} C We drive industry

Off-Grid, Co-location RE system

.

PV+BESS
(GFM)

D/G

backup

main

|

Load
(resident,

commercial)

Connecting to weak/unstable Grid

—
-
-
-
-
—
-
—
-
—
-

-

Or,

RE
with GFM

prohibited

allowed

Confidential

>

GFM becomes possible to supply
electricity solely through PV
generation during daylight hours
Black-start of RE power output is
possible without other generators
100% Renewable Energy supply or
“‘RE with backup generation” can be
designed

Conventional RE plants cannot
connect to an unstable Grid, but GFM
can connect instead

GFM function provides inertia and
frequency response capability to
unstable power system



Grid Forming Inverter: A Key Technology for Microgrid

ATTRACTIVE OPPORTUNITIES IN THE GRID-FORMING INVERTER MARKET

Market growth in the Asia
Pacific can be attributed to
increased renewable energy
generations and need to
reliability of the support such
diversified power mix.

ASIA
PACIFIC

AGrowing
‘renewable

adoption of

energy and
integration of clean energy
into the grid are key factors
driving the market growth.

The Asia Pacific grid-forming
inverter market is expected
to be worth USD 483 million
by 2028, growing at CAGR of
95% during the forecast
period.

Facilitating rapid grid recovery
after outages and reduce
downtime and associated
economic losses is few of the
factors expected to provide
lucrative  opportunities  for
market players.

High Cost of Manufacturing
is expected to pose a
challenge to the growth of
this market.

Market Player

Report Metric Details
Market Size available for years 2021-2028
Base year considered 2022
Forecast period 2023-2028

Forecast units

Value (USD Million)

Segments covered

By Type, By Application, By Voltage, By Power Rating,
And By Region

Geographies covered

Asia Pacific, North America, Europe, Middle East &
Africa, and South America

Companies covered

Huawei Technologies Co. Ltd. (China), General Electric
(US)Power Electronics (Spain), SMA Solar Technology
(Germany), Games Electric (Germany), and FIMER
(Italy), Growatt New Energy (China), TBEA Xingjiang
Sunoasis (China), Fronius International (Austria),
Goodwe (China), Schneider Electric (France), SolarEdge
Technologies (Israel), Sungrow Power Supply (China),
Delta Electronics (UK) and Enphase Energy (US),

Altenergy Power System (US), JerrsaterTe ogies
(US), Delphi Technologies (UK),JTMEIC (Japan), fand

Source: MarketsAndMarket

KACO New Energy (Germany)

TM E Y} C We drive industry
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Grid Forming Inverter: A Key Technology for Microgrid

National AEMO i Fraunhofer ISE Sing|e GFM Unit Test
Grid ESO (UK) (Australia) I (Germany) ] ; .
“Compliance Guidance Notes for “Voluntary Specification for : “ . g q ] TeSt Was Ca rrled OUt IN Fraun hOfer (Germany) N J u I . 2024
NOA Stability QOn:pensation Grid_—forming Inverters: Core . : Slﬁizlﬂgitg’:sfecg g;: OE?;:;P 9
Test pro:e:-::emainlyfor Rei::f;::lzzf::;;zef:?rk i Test procedure for M u Iti ple G F M U n its TGSt (J an ) 2025 in ESS Iab’ Bangalore)
off-line simulation off-line simulation - actual machine .

i B Grid-connected GFM test
1

B Off-grid GFM test
O Parallel operation of 3 inverters

O Loss of mains test

Target of development B Validate the tests which were carried out at Fraunhofer
rmTTTTTTT T Battery banks Inverters
National AEMO UNIFI NERC
Grid ESO (UK) (Australia) (Us) (Us)

1
1
1
1
1
1
GC0137 Minimum : Grid Forming Functional
Specification Required | Voluntary Specification Specification for Grid Specifications for BPS-
1
1
1
1
1
1
1
1

for Provision of GB Grid for Forming Inverter-Based Connected Battery
Forming (GBGF) Grid Forming Inverters Resources Energy Storage I" 3 l
Capability Systems

E=g | v M
White Paper: Grid Forming o 5 \ N
Functional Specifications

for BPS-Connected Battery
Energy Storage Systems 4

PO

Target .of develo

pment
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THANK YOU FOR LISTENING
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