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Over voltage is a consequence of reverse
power flow from rooftop PV systems to the
upstream transformer.
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Technical Challenge

Low Voltage distribution network with PV penetration. [2] 

Curtailment is a solution to the technical
challenge of overvoltage and limits the
export of energy at the inverter. 



Partial Curtailment

Occurs due to the inverter settings

• Fixed feed-in limit 

• Smart inverter power quality 
response modes
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Curtailment HOW IS IT CAUSED?

.

100% Curtailment

When overvoltage is detected at the 
inverter terminal, the PV system will 
trip (disconnect).
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Curtailment SMART INVERTER SETTINGS

Volt-Watt Volt-VAr
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Curtailment poses a social challenge as it introduces unfairness 
and economic uncertainty to PV system owners. [4]

$200 million in grant funding for the Community Batteries for 
Household Solar Program. [6]

AS/NZS 4777 updated in 2020 with new inverter setting 
requirements to provide better voltage regulation. 

Motivation
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Objectives
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Examine the extent to which CES 
can reduce curtailment on the LV 
network.

Investigate how inverter settings 
affect CES’s ability to reduce 
curtailment.

Explore the role CES can play in 
promoting fairness.
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Methodology
POWER FLOW ANALYSIS USING OPENDSS
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OpenDSS

Voltages: 𝑉𝑖𝑛𝑣 , 𝑉𝑏𝑢𝑠

Active and reactive power flows: 
𝑃𝑖𝑛𝑣 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑  

𝑃𝑖𝑛𝑣 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 

𝑄𝑖𝑛𝑣 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
Network model

CES battery 
optimisation problem

Inverter PQRM behaviour

CES state of charge
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Methodology
NETWORK MODEL
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OpenDSSNetwork model
Variable Exacerbation scenario

Network Network Q 
From CSIRO’s Low-Voltage 
Feeder Taxonomy project

PV penetration 100%

Time frame 16/02/2022 
00:00:00 – 23:59:00

CES location Middle of feeder

CES capacity 200 kWh

CES operation Solar soaking mode

(M. Shaw, 2022)

Household load and solar 
generation data obtained from Next 
Generation Energy Storage Program 
trial in Canberra
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Methodology
BATTERY OPTIMISATION PROBLEM 
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OpenDSS
CES battery 

optimisation problem

(S. He, 2023)
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Methodology
INVERTER POWER QUALITY RESPONSE MODE BEHAVIOUR
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OpenDSS
Inverter PQRM 

behaviour
AS/NZS 4777 2020 Australia 

A region inverter settings 

OpenDSS inbuilt InvControl control element set to VOLTVAR, VOLTWATT or CombiMode.

Fixed mode inverters configured with export limit of 5kW.
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Voltage Results
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Impact of CES on the average overvoltage 
duration across all sites in the network. 

Combination  Fixed           No Control Mode    Volt-Var            Volt-Watt
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Curtailment Results
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Impact of CES on network curtailment 
levels.
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Curtailment Unfairness
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Summary
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Integrating CES into the network can reduce 
curtailment levels by over 14% in networks with 
smart inverters. 

CES has no impact on curtailment for PV 
systems that do not have smart inverters with 
voltage dependent control.

A 17% reduction in network unfairness is 
observed by the addition of CES in the network 
when Volt-Watt inverter control is used. 
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