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• IBM Research efforts worldwide across the full value chain of energy

• Australia lab:
• Building energy management
• Solar analytics
• Energy storage

• Close collaboration with University of Melbourne
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Talk Outline

1. Importance of forecasting to realise full value of energy storage

2. Accounting for battery degradation

3. An integrated, adaptable solution

Throughout:    Case study of a residential customer in New South Wales
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Typical Residential Customer with Solar PV in NSW – Case for Storage

0

5

10

kW
h

Optimal Energy 
Storage Operation

0:00                4:00                8:00                12:00               16:00              20:00            24:00 

4.5 kW  PV system

10 kWh  Battery

Benefit 1: Solar self-consumption

Benefit 2: Tariff optimisation
(also “price arbitrage”)

40¢ / kWh  peak
20¢ / kWh  off-peak
5¢ / kWh  export (feed-in tariff)

Benefit 1
Every kWh of solar PV self-
consumed is worth 40-5 = 

35 ¢

Benefit 2
Every kWh shifted from peak 
to off-peak is worth 40-20 = 

20¢
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The importance of forecasting

Benefit 1
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Benefit 2 only

Sunny Day
(same scenario as before)

Cloudy Day

In the morning, battery must be empty
(to use full capacity for solar self-consumption)

In the morning, battery must be full
(to have taken advantage of off-peak pricing)

 Without forecasting, you cannot get maximum value out of your energy storage system
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The value of forecasting

How much value is lost without forecasting?

• Basic set point based methods in use today do not 
return available value

• Optimal energy storage operation with forecasting 
leads to significant improvements 
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These results were achieved with simple data-driven 
forecasts of generation and demand …

Better forecasts will narrow this gap even more

Results based on dataset containing 300 residential customers having PV.
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The importance of degradation

Battery longevity depends on:

• Charge rate
• Depth of discharge
• State of charge
• Environmental factors
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Cloudy Day
(same example as before)

Which charging profile is best?

• there may be multiple equally profitable profiles, but…
• some may be better for battery lifetime than others, and …

• We may be willing to trade off some short term value for 
long term benefit
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Factoring Degradation into Optimal Operation – Lifetime Value Return

How much value is lost over the full asset lifetime if degradation is not taken into account?

• Over full lifetime of asset, basic set 
point methods achieve less than 50% 
of available value

• Forecasting helps, but taking into 
account asset degradation is crucial
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Again, better forecasts, better ageing 
models can further reduce this gap

Results based on dataset of 300 residential customers having PV,
battery “end-of-life” when it reaches 70% of nominal capacity.
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Considerations

• 15-year+ lifetimes – do we even want that?
Maybe not, but understanding impact of degradation is important in asset 
investment decisions regardless.

• Forecasting, degradation not just important for lifetime value, also important 
towards sizing.

• Potential benefits of energy storage are distributed across multiple stakeholders.  
Accurately modelling battery damage will be important when deciding how to 
apportion the costs of a battery system… 

 not every kWh put into or pulled out of the battery is equally as damaging
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Caveats

• This is ongoing research

• The true value is very profile-,  location-,   chemistry- specific
(It is not possible to come up with generalised results for all scenarios)

• Battery ageing is difficult, and also an area of ongoing research.   
Changes in technology are outpacing the research.
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The Method

Stochastic Dynamic Programming

t0 t1 … tn

SOC0 v0,0 v1,0 … vn,0

SOC1 v0,1 v1,1 … vn,1

… … … … …

SOC100 v0,100 v1,100 … vn,100

Discrete future time intervals
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• Take into account uncertainty  
(demand and generation)

• Take into account degradation
(multi-factor battery damage model)

How it works (in short):

• Discretise time and state of charge of battery

• Work your way backwards from the edge of future horizon 
(say 12 hours from now)

• For every possibly state, find the best possible way to get 
there (maximise expected value)

• Use the solution to choose your next step (charging / 
discharging) right now

• Recalculate with updated forecasts
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The Method

Stochastic Dynamic Programming

Disadvantages

• Discretisation leads to small errors

• Computation time not insignificant

• Cannot accommodate costs that 
depend on sequences of decisions

Advantages

• Computes much, much faster than many other proposed 
methods

• Straightforward to integrate uncertainty

• Very adaptable:
• Take into account additional benefits
• Plug in different battery ageing models as required
• Plug in different objectives as required

• Disadvantages can be addressed with novel methods
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IEEE Innovative Smart Grid Technologies (ISGT) Conference – Asia 2016

Visit www.ieee-isgt-asia.org for more information 
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Thank you!

Julian de Hoog and Khalid Abdulla

Presentation at Australian Utility Week
24 November 2015


