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US Manufacturing

First US Manufacturing site: Columbus Ohio

137,000 sqft
Production starting at the end of Q2, 2024

Shipments ready by Q3, 2024
150kW & 320kW Titan All-in-One

Modular Battery Pack with 314 Ah cells

Metis String Inverter 215 kW

2024/5/14
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Wind Power Storage Project with 476MWh L

Area Product Number Total I —
3.44MW/3.44MWh 55
Southern 200MW/200MWh
2.75MW/2.75MWh 4
Area Product Number Total
3.44MW/3.44MWh 78
Northern 276 MW/276MWh
2.75MW/2.75MWh 3
Area Product Number
Total PCS Integrated Boost 140

Cabin

The overall capacity of the DC battery-side energy storage system reaches 476M\W/476MWh.
It is currently the largest 1P electrochemical energy storage project in China.
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Remote Energy Storage: 600MW/1200MWh F StarCharge

Project Background: Project Details:

Xiangjia standalone energy storage project is Type: Standalong Battery ESS
located on the border between Gonghe County Capacity: 600MW/1200MWh. to be

and Xinghai County in Hainan, Qinghai _
Province, approximately 800 meters north from constructed in three phases

State Grid Xiangjia 750kV Substation, covering It is a successful application in high altitude,
an area of 150 acres. cold, and high-sand enviroment.

it Hainan
'F@ Government

Location

519



BESS Modular Container % StarCharge

“ e

Rated energy 5015.96kWh
recommend operating voltage

o 1040-1497.6Vdc
Nominal voltage 1331.2Vdc
Maximum continuous charge- 0.5P

discharge rate

Operating temperature range -30~55 °C
Humidity 0-95% RH
Protection level IP55
Fire protection system Aerosol + water spray
'L R . . .
HHEE High energy Using 314Ah energy storage cell, higher volume energy density,
density: Economical land area Elevation <3000m
) ) Weight ~ 43t
@ Ultra-high security: Cell real-time status monitoring + cell-level thermal barrier
Communication mode CAN/RS485/Ethernet
intelli liquid i Modular adjustable pipeline to achieve high temperature
{\é) intelligent liqui colc? M9 performance, long system life, low auxiliary power
temperature control: consumption —— www/sta rcharg e/com ——
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Batteries Pack and String Inverter easy Installation Star Charge’

—— www/starcharge/com ——
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BESS Modular Inverter with Transformer ﬁ Star Charee’

Circuit Diagram
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Renewable Energy Generation Star Charge’

Renewable energy generation, World
: : +70,000,000%
Annual change in renewable energy generation, 2022 Our ¥ o
Shown is the change in renewable energy generation relative to the previous year, measured in terawatt-hours. This
is the sum of energy from hydropower, solar, wind, geothermal, wave and tidal, and bioenergy. +60,000,000%

+50,000,000%

Solar
+40,000,000%
+30,000,000%
+20,000,000%
+10,000,000%
Hydropower
+0% NI~ s IS 4 Other renewables
1965 1980 1990 2000 2010 2022
)3
/9-5/ Source: Energy Institute Statistical Review of World Energy (2023) OurWorldInData.org/renewable-energy « CC BY
& Note: 'Other renewables' refers to renewable sources including geothermal, biomass, waste, wave and tidal. Traditional biomass is not included.
No data -25TWh -10TWh -5TWh O0TWh 5TWh 10TWh 25TWh
777 < | I [E— 4 [

(1] - = (1] H
Source: Energy Institute Statistical Review of World Energy (2023) OurWorldInData.org/energy « CC BY > G rl d-fo rm I ng CO ntrOI ConSIdered
Note: Primary energy is calculated using the 'substitution method', which accounts for the energy production inefficiencies of fossil fuels.
L] L
to be the enabler for the transition,

. Forming C | and Fault C Limiting for Grid-Foming | _—



Problem Overview Star Charge

Zg l Zg
@ ———'Grid - || ——{—3+—"Grid
Synchronous GFM
Generator éFault inverter éFault
> The total fault current can be > The total fault current cannot be
supplied by the generator. supplied by the inverter.
> Fault current limitation strategies are > Fault current limitation strategies are
not required. required.

Courtesy Professor Dr Florian Doerfler University of Zurich
s Cross-Forming Control and Fault Current Limiting for Grid-Forming Inverters 10/19




Problem Overview Star Charee
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Current Limitation and
Overcurrent Utilization
Limit the current Preserve grid-forming .Guarante?s_ for tran-
prqmptly to protect capabilities during S|en.t stability must be
the inverter while fully a fault despite obtained for converter-
utilizing its over- current limitation. interfaced power
current capability. systems considering
current limitation.

Courtesy Professor Dr Florian Doerfler University of Zurich
_ Cross-Forming Control and Fault Current Limiting for Grid-Forming Inverters
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Problem Overview
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Limit the current
promptly to protect
the converter while

fully utilizing its over-
current capability.

Zeg I

I<
b

Preserve Grid-Forming

Capability

Preserve grid-forming
capabilities during
a fault despite

current limitation.

Star Charge’

If 'x' then
system is
almost

globally % ;
asymptotically -y

stable...

W

Courtesy Professor Dr Florian Doerfler University of Zurich

Cross.E - | Eault C L imiting for Grid-Forming.|

Guarantees for tran-

sient stability must be
obtained for converter-

interfaced power
systems considering
current limitation.
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Problem Overview Star Charee
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Transient Stability
Guarantees
Limit the current Preserve grid-forming .Guarante?s_ for tran-
promptly to protect capabilities during sient stability must be
the cc_)_n\_/erte_r while a fault despite obt_alned for converter-
fully utilizing its over- current limitation. interfaced power
current capability. systems considering
current limitation.

Courtesy Professor Dr Florian Doerfler University of Zurich
: ac : i for GrdFormi
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Forming Controls and Current Limitation

I<

» forming

Y

forming

Voltage- [ ‘Y }

Current- [ ‘j ‘ }
I

control | control | | /;
Forming
Voltage angle L EVoltage magnitude ,
Forming
Current angle
Grid Voltage Dip Grid Phase Jump Grid Voltage Dip

i

overcurrent overcurrent No services provided

_ Cross-Forming Control and Fault Current Limiting for Grid-Forming Inverters

Current magnitude

Courtesy Professor Dr Florian Doerfler University of Zurich
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Forming Controls and Current Limitation - explanation Star Charge

— o | Lo
i | Voltage- [ |Q| Zeq L v | Current- [ |1’
—»| forming v 6/ »| forming 4 (T) Yeq
control | | /4 control | | /4
O o . O

facts during current saturation (independent of control architecture):
1 the current magnitude is imposed, 2 the voltage magnitude follows the

circuit law (“voltage decline™), & 3 the voltage angle can still be imposed

- | current magnitude |i| is thus “formed” & voltage-forming is impossible

two principled remedies during saturation

@ swilch {o Curreyt —(gotlp{v:) = 3&0(- ga-ppou)fnj .'93 ihroy':j d 7

- Xd .v\ pA i Vv r" " ,:I “
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COLlJ/rtesy Professor Dr Florian Doerfler University of Zurich
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Cross-Forming Control ' Star Charge
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Courtesy Professor Dr Florian Doerfler University of Zurich

_ Cross-Forming Control and Fault Current Limiting for Grid-Forming Inverters 16/19




Conclusion using Cross Forming
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Current Limitation and
Overcurrent Utilization

The proposed strategy
promptly limits the
current and protects
the converter while
fully utilizing its over-
current capability.

Star Charge’
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Vg If 'x' then n
system is L : q !
almost N
globally St :
asymptotically -y

stable...

_ Cross-Forming Control and Fault Current Limiting for Grid-Forming Inverters

Decentralized stabil-
ity conditions obtained
for converter-
interfaced power
systems considering
current limitation.

The strategy preserves
angle-forming
capabilities during
a fault despite

current limitation.

Courtesy Professor Dr Florian Doerfler University of Zurich
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Conclusion using Cross Forming
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The proposed strategy
promptly limits the
current and protects
the converter while
fully utilizing its over-
current capability.

.

Zeg I
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Vg

Star Charge’

Preserve Grid-Forming

Capability

The strategy preserves
angle-forming
capabilities during
a fault despite

current limitation.

If 'x' then N
system is L q !
almost N
globally St :
asymptotically -y

stable...

Courtesy Profeésor Dr Florian Doerfler University of Zurich
ST oLt C i for GridFommina |

Decentralized stabil-
ity conditions obtained
for converter-
interfaced power
systems considering
current limitation.

18/19



Conclusion using Cross Forming

- N
o o

Output current (p.u.)
o

o
o w

0.
25 3.0 354045 505560
Time (s)

The proposed strategy
promptly limits the
current and protects
the converter while

fully utilizing its over-
current capability.
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The strategy preserves
angle-forming
capabilities during
a fault despite

current limitation.

Star Charge’

If 'x' the l
system is
almost
globally & ;
asymptotically -y
stable...

Transient Stability

Guarantees

Decentralized stabil-
ity conditions obtained
for converter-
interfaced power
systems considering
current limitation.

Courtesy Professor Dr Florian Doerfler University of Zurich

Cross-Forming Control and Fault Current Limiting for Grid-Forming Inverters
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