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• The brief introduction about this topic

• Forecasting methods

• Impact of forecasting accuracy on battery sizing

• Battery optimisation strategy using forecasting

• Conclusions
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• Retrofit an existing solar/wind farm into a hybrid one

• Start an entirely new (green field) hybrid power plant

• Solar and wind are separately dominant at the day and night time. 

• Complementary feature of solar and wind will improve the capacity factor of power 

plant.

• Many locations in Australia are both sunny and windy.

• For retrofitting, many costs and effort will be saved.

Advantages

Why hybrid power plant

The figures are from AECOM, Co-location Investigation, A study into the potential for co-locating wind 

and solar farms in Australia, 2016
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Why battery optimisation is important

• Capital cost of battery storage;

• Battery storage is expected to provide 
multiple services, such as providing 
FCAS contingency services, smoothing 
our renewable variability, deterring 
the network upgrade, etc.

• It is also important to use the battery 
efficiently to improve the utilisation of 
the battery and maximise its value 
over its lifetime.
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Why forecasting is important

• Forecasting for renewable power generation 
is an important part in the operation of 
national electricity market (NEM).

• The quality of forecasting will impact the 
revenue of renewable energy power plant 
and the frequency stability of power 
systems.

• The forecasting will impact the battery 
sizing and optimisation, due to a lot of 
activities of battery operation being related 
to the variability of renewable energy.



5

What to solve in this work?

• How forecasting is impacting the battery optimisation

• How to more efficiently utilise forecasting to improve the battery dispatch

Renewable 
energy 

forecasting

Battery 
storage 

optimisation



Weather resource data
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Goulburn,NSW

• Location chosen – Goulburn, NSW, Australia
• Close to Gullen solar farm
• Close to Gullen range wind farm

• Data used – from 2001 to 2010
• Hourly global horizontal irradiation

(GHI) data
• Hourly wind speed data (10-meter

height)
• Hourly ambient temperature data

Global Horizontal 
Irradiance (GHI)

PV power

Wind speed
Wind power



• Perfect forecasting

• Persistence forecasting

• Elman Neural Network

(ENN) forecasting

• Wavelet Neural Network

(WNN) forecasting

• Autoregressive Integrated

Moving Average (ARIMA)

forecasting

Forecasting Methods

d – the order of differencing 

p – the order of the autoregressive part

q – the order of the moving average part
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Normalized Root Mean Square Errors D: day-ahead forecasting

H: hour-ahead forecasting

Forecasting results
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• Compare to wind speed, GHI is easier to be predicted to a higher level of accuracy using

historical data.



Forecasting results
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D: day-ahead forecasting

H: hour-ahead forecasting

• Compare to wind speed, GHI is easier to be predicted to a higher level of accuracy using

historical data.

• Hour-ahead forecasting demonstrated a much better accuracy level than day-ahead

forecasting for both resources.



Forecasting results
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D: day-ahead forecasting

H: hour-ahead forecasting

• Compare to wind speed, GHI is easier to be predicted to a higher level of accuracy using

historical data.

• Hour-ahead forecasting demonstrated a much better accuracy level than day-ahead

forecasting for both resources.

• Relatively, WNN tends to show a better performance for short-term forecasting, but poorer

for long-term forecasting.



• Compare to wind speed, GHI is easier to be predicted to a higher level of accuracy using

historical data.

• Hour-ahead forecasting demonstrated a much better accuracy level than day-ahead

forecasting for both resources.

• Relatively, WNN tends to show a better performance for short-term forecasting, but poorer

for long-term forecasting.

• ENN and ARIMA show good performance in terms of their accuracy and robustness.

Forecasting results

11

D: day-ahead forecasting

H: hour-ahead forecasting
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Battery Sizing Strategy – Compensate for Forecasting Errors

The forecasted 
power generation

The actual power 
generation

Forecasting 
Errors

Battery is 
charging

Err > 0

Battery is 
discharging

Power profile of the battery

Determine the power capacity

Assume the initial SOC is 0%

Determine the energy profile of the 
battery by accumulating the power

Adjust the initial SOC

Determine the energy capacity
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Forecasting accuracy VS. Battery sizes

BPC: battery power 
capacity

BEC: battery energy 
capacity

nRMSE: normalized root mean square errors

• An overall linear trend can be observed.

• The green and blue dot basically has the same nRMSE, but the required energy 

capacity is quite different.

DA: day-ahead

HA: hour-ahead



Battery optimal operation modelling

Subject to

Maximise The total operation revenue

= Revenue in electricity market 

– Penalties for ancillary services

– Cost of operation and maintenance

10MW and 50MWh
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The upper and lower SOC boundaries

Battery power capacity limit

Hybrid power plant power capacity limit

Battery size



Battery optimal operation strategy

• Case NB: No battery
• Case DD: Day-ahead dispatch
• Case DR: Day-ahead Rolling Horizon Control dispatch
• Case MR: Mixed Receding Horizon Control dispatch
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Battery optimal operation results

• Compare to the Case NB without a battery installed, the operation profits can improve by 

45% using day-ahead dispatch.

• Using ARIMA/ENN can improve 5-10% in the total profit over the persistence method.

• There is an improvement of almost 30% using mixed RHC strategy over the day-ahead RHC 

strategy. 

• The proposed mixed RHC strategy will improve the revenue mainly from the normal days, 

instead of relying on gambling on the extreme days. 16
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Conclusions

• This study demonstrates the importance of improving forecasting 

accuracy in battery optimization, due to the overall better 

performance when using methods with higher forecasting 

accuracy.

• This study presents a novel optimisation strategy by making full 

use of both short-term and long-term forecasting information to 

achieve the optimum operation performance. A significant annual 

operation cost reduction (almost 30%) is demonstrated when 

using the proposed mixed receding horizon strategy, in contrast 

to other previously presented strategies.
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Thank you!

Questions
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• The required battery energy capacity increase significantly with the increasing the 

duration of the time components, especially when the length of segments is larger than a 

week.

• The large size is due to the bias of forecasting.

The time domain components VS. battery energy capacity

50
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• The required battery power capacity increase gradually with the increasing simulation 

horizon.

• This is different from the trend of battery energy capacity. 

The time domain components VS. battery power capacity


