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Difficulty and Challenge of Residential Energy Storage
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Mismatch of Battery Capacity
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Introduction of the Intelligent 
Residential Energy Storage System

4.1
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Intelligent Residential Energy Storage System

I1 I2

Lithium battery n#Lithium battery 2#Lithium battery 1#

In

Pack

PCU

Pack

PCU

Pack

PCU

PV Panels

MPPT

Critical load

Household load

BUS Grid
DC/DC

DC/AC

Inverter

Lithium 
battery 1#

Lithium 
battery 2#

Lithium
battery n#

No charge, no discharge

Pack

PCU

Pack

PCU

Pack

PCU

One charging and discharging 
circle of each battery pack 
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PV Panels

Household load

Critical load

BUS

DC/DC

MPPT DC/AC
Inverter

Battery

Battery

Battery

Grid

Pack

PCU

Battery pack automatic balancing, 
modular, stacked installation

Pack

PCU

Battery pack automatic balancing, 
modular, stacked installation

Pack

PCU

Battery pack automatic balancing, 
modular, stacked installation
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4.2

Intelligent Residential Energy Storage System
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First stage
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Intelligent Residential Energy Storage System

PV inverter

Power storage
Converter （PCS）

Battery

PV Panels Grid

Grid

Grid

Household load

Switch
device

Switch
device

Battery

PV Panels

Household loadCritical load

Energy storage
 system

PV Panels

Household loadCritical load

System 1: 

System 2: 

System 3: 

Hybrid Inverter

Using AC coupling, the 

system includes photo-

voltaic inverters, 

batteries, power storage 

converters and other 

equipment.

The system includes 

photovoltaic inverters, 

batteries, energy storage 

converters and other 

equipment, which takes 

longer time for critical 

load switch.

The system highly integrated 

with lithium energy storage 

batteries and inverter, which 

makes the equipment heavy 

and bulky, inconvenient to 

transport and install, and 

requires external switching 

device, and takes longer for 

critical load switch.
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PV Panels

Household load

Critical load

BUS

DC/DC

MPPT DC/AC
Inverter

Battery

Battery

Battery

Pack

PCU

Battery pack with automatically balancing, 
modular design and stacked installation

Pack

PCU

Battery pack with automatically balancing, 
modular design and stacked installation

Pack

PCU

Battery pack with automatically balancing, 
modular design and stacked installation

Grid

Intelligent residential energy storage system: modular and integration design of smart lithium-ion battery and inverter. 
Easier for transportation and installation, critical load switching time <10ms, and applicable to all scenarios.
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Intelligent Residential Energy Storage System
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4.3
Comparison of Intelligent 
RESS with conventional system

Low-voltage
RESS

Parallel mismatch Series mismatch
Automatic balance
between battery packs
and reduce capacity
mismatch

Energy
Utilization

High-voltage
RESS

Intelligent
RESS

HighLowLow

HIgh frequency
isolation, high battery
current

High voltage with
output port powered

High frequency
isolation, low battery
current, outpot port
not powered 

Safety

Onsite wiring
required

Inspection before
installation required,
some needs manual 
power supplement,
onsite wire making 
required

Stand spare parts,
plug and playInstallation

High

Complicated

Medium

Medium

Low

Simple
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Low-voltage
RESS

High-voltage
RESS

Intelligent
RESS

Medium

Simple

High

Medium

Low

Not recommend Not recommend Support

Operation
and
Maintenance

Cycle 
efficiency

Fleixible
inventory
management

Phased
capacity
expansion

Large current, long 
line, high line loss
and low efficiency

Less energy change,
high efficiency

Standard wiring, short
wiring, low loss,
medium efficiency

Mixed use allowed;
performance declined

Mixed use not allowed;
strict batch 
management

Mixed use allowed; 
Stable performance

Large circulation and 
low efficiency, fast 
aging of batteries, 
Phased capacity 
expansion not 
recommended

New / old battery in 
series, severe capacity 
mismatch, Phased 
capacity expansion not 
recommended

Complicated

Phased deployment, 
reduce initial 
investment costs, 
improve investment 
returns

Requires regular
maintenance,
line inspections,etc.

Regular calibration,
manual power
supplement, onsite
maintenance

Automatic balance
between battery packs,
automatic SOC
calibration,
online support

Intelligent Residential Energy Storage System

Medium Low High
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