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Preamble (i)

For the following explanation, we would like to highlight two kinds of 
loads:

 Those where delivered power has no flexibility - e.g., a light bulb.  If you have a reading
light on, it must always be supplied with (say) 100W, continuously.

 Those where delivered power does have flexibility - e.g., a water heater, electric car,
etc.  In these cases, so long as the water heater remains within its required
temperature range Lo-Hi, and the electric car is charged up come morning, when power
is turned off and on to these devices is flexible.
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Preamble (ii)

So, aggregated over many electricity consumers, there is a minimum instantaneous 
required power (for all the light bulbs and similar devices that are on), and a (higher) 
average power required to be sure that (in addition to the light bulbs) the water heater 
remains within temperature range, the car is charged up by morning, etc.

It is addressing this higher average power requirement, over and above the instantaneous 
one required, that is where “Virtual Batteries” come into play.

Because of this and for the sake of simplicity, in the explanation following, we are going to 
consider only the flexible load elements - water heater, electric car, etc.
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Preamble (iii)

We will consider a 24 hour period, and for the sake of argument, assume the average 
power requirement for the aggregate of the flexible loads is 1MW, so over 24 hours the 
required energy is 24MWh.  We will call this energy quantity “E”.

We will also assume, for the sake of simplicity, that the flexible loads are entirely flexible 
over when they are satisfied within the 24 period.

Finally, we will assume, again for the sake of simplicity, that the power supplier delivers 
power at a fixed rate throughout the day, with total energy delivered at end of each 24 
hour period of E.
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Explanation (i)

Case 1 – Consumption 100% Dumb, 0% Smart.
Physical battery capacity required in this case E.

Imagine first that the electricity consumption is 100% “dumb” - in other words, that 
electrical usage is completely unrelated to and uninformed by supplier power availability.  
This is the normal current state of affairs.

Then, in worst case conditions - contrived, but representative of the problem nonetheless 
- is that every consumer pulls all their required daily energy at one particular time - say 
between 12:00pm and 12:01pm.

This means one would need a physical battery, placed between the consumers and the 
power utility, capable of storing the entire daily requirement of E (24MWh)*:  At 12:00pm 
this battery would be fully charged, and at 12:01pm entirely empty.
(*The tiny bit of energy the power company supplies in the 1 minute between 12:00 and 12:01 can be ignored.)

The power supplier then recharges the physical battery over the next 23 hours 59 
minutes, and the cycle repeats.
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Explanation (ii)

Case 2 – Consumption 50% Smart.
Physical battery capacity required in this case E/2.

Now however, suppose the consumers are a bit smarter.  More specifically, suppose 1/2 
of them get their required daily energy between 12:00-12:01 AM, and the other half 
between 12:00-12:01 PM.

The energy withdrawal at those two times is then just half as much as the above, E/2.

Thus, the physical battery needs to store only E/2, where it will become fully charged 
again in just 12 hours, vs. 24 previously. 
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Explanation (iii)

Case 3 - Consumption 75% Smart.
Physical battery capacity required in this case E/4.

Now we draw energy E/4 at four evenly spaced time periods throughout the day.

In consequence the physical battery energy storage requirement is now only E/4.
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Explanation (iv)

Case 4 - Consumption 100% Smart.

Physical battery capacity required in this case E/∞=0!

This 100% “Smart Consumption”, functioning to address exactly the same issue as the 
physical battery did in the “Dumb” consumption case, is what we call “A Virtual Battery”.

What Emulate Energy does is provide a comprehensive SaaS solution, a key component 
of which is to make consumption as “Smart” as possible*, thus replacing physical batteries 
with virtual ones.

(*The extent to which physical storage devices may be replaced with virtual ones will be affected by the extent to which 
certain assumptions in this simplified physical model actually hold true.  Nevertheless and regardless, very significant 
reduction of physical battery requirements can be expected in virtually all real-world situations.)
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