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Renewable microgrid of PV & ESS has become an inevitable trend

LCOE of PV & ESS Continues 

to Decline

The LCOS of ESS keeps decreasing

The LCOE of PV decreases rapidly
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PV & ESS Synergy

Storable and controllable

Interconnected / islanding

Grid Forming

Voltage source 

Black start

Grid Forming enabling VSG operations

LCOE of PV & ESS microgrid

~ $ 0.15 /kWh

ROI of PV & ESS microgrid

ROI 3 ~ 5 years

LCOE of  PV & ESS 

microgrid only 50% of D.G. 

LCOE



FusionSolar for Green & Resilient Power: First GW level 100% PV 
& ESS Micro-grid Solution

Modules

MBUS

Smart PV Controller

Step-up Transformer Grid

Smart PCSSmart String ESS
Smart Transformer Station

Smart Transformer Station

Diesel Generator Transformer Distribution Transformer Loads

Grid-connected /

Islanding

FusionSolar 

Smart PVMS

Microgrid 

Controller / EMS

FusionSolar Smart Microgrid Solution

Higher Resilience Optimal LCOE Active Safety

• 2:1 PV / BESS ratio in micro-grid, lower CAPEX

• PV & ESS black start, no need for D.G. commissioning

• Higher anti-impact capacity, lower CAPEX

• Smart String-level Disconnect, higher PV system safety

• Smart String ESS: Active Alarm, System quadruple 

safety protection

• Whole grid black start, enabling minutes level power recovery

• Multiple off-grid fault ride through, avoiding blackout loss 

• Optimal power quality: Grid-connected THDi<1%, islanding THDu < 1.5%

• Online transition of off-/on-grid, avoiding blackout loss



Huawei Confidential, Restricted Distribution

Seamless transition between grid-connected and islanding

Modules

MBUS

Smart PV Controller

Step-up Transformer Grid

Smart PCSSmart String ESS Smart Transformer Station

Smart Transformer Station

Diesel Generator Transformer Distribution Transformer Loads

Grid-connected /

Islanding

FusionSolar 

Smart PVMS
Microgrid 

Controller / EMS

Grid faults

Grid Forming

Grid disturbance

300ms for unplanned transition 

between grid-connected & islanding

Fault recognition Delay HV/LV fault 

ride through

Relay trips Breaker opens Islanding mode

~ 80 ms ~ 80 ms ~ 30 ms ~ 80 ms ~ 30 ms



Traditional Solution

GW level whole grid black start, enabling minutes level power 
recovery

Huawei Solution

Black start single array one by one GW level whole grid black start 

Whole grid recovery, enabling minutes level recovery

Quick recovery with 

more revenue

$ 0.48 million

Multi-PCS parallel soft-

start synchronous ramp

Multi-arrays parallel soft-

start synchronous ramp

Black start with 70% loads

Black start for single array with no loads

Waiting for others started and interconnected

Step-by-step HV switch on for power 

distribution

Whole microgrid recovery

Several hours ~ days

Over-current / voltage impact risks



PV & ESS black start, no need for D.G commissioning onsite

Traditional Solution Huawei Solution

High cost for MVA level D.G. in commission

PV & ESS black start, offering resilient power supply for commission

2MVA D.G.

Diesel consumption & D.G. renting:

$ 2000 ~ 5000+ /day

2 ~ 3 month

Commissioning

ESS Step-up 

Transformer

Illuminations Others…

Total commission cost 100 MWh power plant

$ 0.3 ~ 0.65 million
For 100 MWh plant

Commisioning cost reduced ~ 0.3 ~ 0.65 cents/Wh

PV black start

For ESS commission

ESS Step-up 

Transformer

OthersIlluminations

ESS black start

ESS black start for the whole plant



Saudi Arabia Red Sea Project

COD: 16MWh were ready in Dec. 2022, 

and others in H2-2023

Serving 100% PV + ESS power supply for 1 million 

people in Red Sea new city

Grid Forming enabling 100% PV & ESS grid

400 MW PV + 1.3 GWh BESS

World’s Largest 100% PV + ESS Microgrid 

Project





What is “grid forming”?
A vital technology for weak 
power Systems
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Key metrics to understand localized power system strength & 
resiliency

Short Circuit ratio (SCR)

SCR> 3
Strong grid

(~Voltage stability and power reserves)

3 > SCR > 2
Weak grid 

(~Voltage instability and control problems)

SCR < 2 Very weak

2 Inertia

Synchronous Grid Forming Generator

Synchronous Generator

Synchronous Generator
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Short circuit ratio (SCR)

It measures the impact of power injection on the voltage quality and stability of local grids, and reflects the grid strength. 
A higher SCR indicates a stronger grid and grid connection ability.

Solar inverter

Solar inverter

Solar inverter

Sync. Gen.

Solar inverter

Solar inverter

Solar inverter

Solar inverter

Load

Traditional power 
plant capacity

Load

Sync. Gen.

Sync. Gen.

Sync. Gen.

Grid/Transmission line
Transmission network impedance

Grid connection point

Solar farm capacity 

HVDC transmission lines, as 

semiconductors, will cause a decrease 
of SCR.

Impedance

Sync. Gen.

Sync. Gen.

Sync. Gen.

2

PV plants are located remotely.

PV capacity increase,  

conventional power generation retires.

SCR =
Solar Farm Capacity 

Square of Voltage at the grid connection point

Equivalent impedance at the 
grid connection point

1

...

1
Longer power transmission lines result in larger equivalent 
impedance at the grid connection point.

2 Less capacity of traditional power plants result in larger
equivalent impedance at the grid connection point.

Increased Renewable Energy Penetration Rate equals to 
Weakened Grid Strength (SCR) 

Coal/Hydro/Gas Plant 



GRID FORMING VS GRID FOLLOWING

GRID FOLLOWING GRID FORMING

Current source Voltage Source

The power grid can be supported by adjusting the output 
power. However, the support response speed is limited,

Independent operation without relying on other power 
generation units

Depends on PLL synchronization. Core controls voltage amplitude and frequency/phase

Can't go near at 100% new energy port penetration rate
Only the PLL auxiliary device may be required for mode 

switching.

Depending on the generated voltage reference signal 
generated by other power generation units to achieve 

operation
Can be near at 100% new energy port penetration rate

The system strength cannot be improved, and the inertia 
and anti-interference capability (such as phase angle 

jump) are lacking.

Transient response of output power, supporting voltage 
and frequency

GRID FORMING

GRID FOLLOWING



Why “grid forming”?
Markets insights
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Renewable industry is booming, while multiple challenges still 
remain

Source: 2023 Electricity Market Report IEA (International Energy Agency)

EU considers grid forming as a key 
to high wind/solar penetration.

EU considers grid forming as a key 
to high wind/solar penetration.

Wind/Solar 
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30% 50% 70% 100%

Improved grid following

Grid Forming

2020 EU MIGRATE Project

2022 ENTSO System Needs Study

Source: March 2024, Red Eléctrica de España (REE))
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Renewable industry is booming, while multiple 
challenges still remain



1
Weak inertia support and frequency instability

The Blackout in UK 2019

2
Fault ride-though failure on weak networks

Australia's power blackout in 2016

The failure of Little Barford
power plant caused power 

loss of 730 MW

System frequency 
starting to decrease

Horsea offshore wind farm 
was largely off the grid, 
with power fed into the 

grid reduced by 900 MW.

beyond the allowed range of 
49.8–50.2 Hz and triggered 

mass load shedding

System frequency 
dropped to 48.9Hz 

Voltage 
collapse

Frequency 
collapse

• On Sept. 28th, 2016, Wind

farm tripped caused by

typhoons and rainstorms.

• Voltage drops occurred for 6

times and caused voltage and

frequency collapse. South

Australia suffered a 50-hour

blackout.

New Energy Makes Grid Weaker, Transient Issues 

Come to The Fore



Restriction on new construction 
and environmental pollution

New construction or renovation of 

thermal generators
24-hour manual attendance of rotating 
equipment and regular on-site O&M

Synchronous condenser

Environmental pollution, high LCOE, and 
complex maintenance

Diesel generator

The Whole Industry Address Those Challenges Actively, Still with 

a Number of Restrictions

Combine PV and Energy Storage with Intelligence, 

Accelerating PV to be Primary Energy Source

PV + ESS Generator



Smart String ES Solution 2.0
Optimal LCOS and active safety4



Redefine Voltage Stability: Upgraded hardware + Grid Forming 

algorithm , achieving 3 times of reactive current and quickly 

respond to grid voltage changes

Reactive current to support voltage

Smart PV & ESS Generator : 3 times VS Traditional solution: 1.04 times

Reactive current

Smart PV & ESS GeneratorTraditional Solution 

Symmetrical drop in voltage

Dynamic reactive current response

Smart PV & ESS Generator＜10ms VS Traditional solution ＜30ms

＜10ms 

＜30ms 

Smart PV & ESS GeneratorTraditional Solution 

Grid voltage

Reactive Current



Redefine Frequency Stability: Grid Forming algorithm to generate 

equivalent moment of inertia and quickly respond to gird 

frequency changes

Virtual inertia

Smart PV & ESS Generator support VS Traditional solution not support

Frequency

Active power

Smart PV & ESS GeneratorTraditional Solution 

Frequency adjustment start time (by active power )

Smart PV & ESS Generator＜5ms VS Traditional solution ＞50ms

Frequency

Active power

Short start-up time

Smart PV & ESS GeneratorTraditional Solution 



Smart String ES Solution 2.0
Optimal LCOS and active safety5



2022, PV plant in Gonghe, Qinghai

In 2022, Huawei teamed up with the China Electric Power Research 
Institute, State Grid Qinghai Electric Power Company, and CR Power
to test and verify the smart grid-forming solution in the world's first grid-
connection performance test.

World's first
180 tests of the smart grid-forming 
solution in a strong grid 

Quick active power adjustment 
response – Startup time < 5 ms

Transient voltage control speed –
Reactive power response < 10 ms

Short-circuit capacity – Three-fold 
overcurrent protection capability



510 Grid-connected tests from SCR 40.0 to SCR 1.0

to verify how to stabilize the grid in various cases under week grid, 

such as frequency control, grid steady-state response, transient 

response, phase-angle jump event, etc.

300% reactive short-circuit current contribution

2023, BESS plant in Golmud, Qinghai

510 successful tests of the smart grid-
forming solution in weak grid

In 2023, Huawei teamed up with the China Electric Power Research 
Institute, State Grid Qinghai Electric Power Company, and China Energy 
Group to test and verify the smart grid-forming solution in the world's first 
grid-connection performance test.



E-Mail: a.velazquez@wattkraft.com

¡Muchas Gracias!

mailto:service@wattkraft.com
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