
How Much Fuel is in Your Battery  

The best way to determine the state of charge of a battery 

 

A battery is a store of energy, it can be considered as a container of water that is either full or 

empty, with water container its easy to determine how much water you have left in the container.  

Similarly on many batteries with the exception of Mercury batteries, the terminal voltage can be 

an indication of the state of charge, this is not a very accurate method to determine the stored 

charge, there are many factors that make this method unreliable. 

(This article is about secondary cells, primary cells are only mentioned as a point of reference.  

Primary Cells cant be charged, where Secondary Cells can't)    

 

Using the Water container analogy, one can measure the amount of water taken from the 

container, from this, one can determine how much water to put back into the container to make it 

full. Similarly we can do the same with a battery, no matter the chemistry or voltage 

characteristics the battery exhibits. The state of charge is determined by the amount of energy 

taken from and put back into. (Based on a starting point) 

 

In an ideal world, the ideal battery will have no losses, but in reality the battery will have a series 

resistance that limits the charge discharge process, plus it has a self discharge resistance 

characteristic. 

This can be considered as a resistive load always connected across the battery cell terminals, that 

is discharging the battery over time. 

The table below shows this with the different chemistries. 

 

 

   Typical self-discharge by battery type 

Battery chemistry Rechargeable Typical self-discharge or shelf life 

Lithium metal No 10 years shelf life 

Alkaline No 5 years shelf life 

Zinc–carbon No 2 to 3 years shelf life 

Lithium-ion Yes 2% to 3% per month; ca. 4% p.m.  

Low self-discharge NiMH Yes 2% to 3% per month 

Lead–acid Yes 4% to 6% per month 

Nickel–cadmium Yes 15% to 20% per month 

Nickel–metal hydride (NiMH) Yes 
30% per month 

 

(Primary Cells only for reference) 

 

If the battery is frequently cycled, the self discharge characteristic can be ignored, however if the 

battery is used as part of a back up system and not often discharged, a maintenance charge must 

be applied to cancel out the self discharge, or the battery will go flat over time, (With exception 

of Lithium Battery) the maintenance charge is called a float charge.  

 

With Lithium, once the battery is full, the charge process is completely turned off, no 

maintenance charge is required, doing so will damage the battery, the cell voltage is monitored to 

turn the charge back on once the cell voltage falls below the store voltage value, this usually 80% 

of a full charge. care must be taken, to not allow Lithium battery to discharge below the 

minimum voltage point, or permanent cell failure will take place. The golden rule is that all 

batteries regardless of chemistry used will have a self discharge characteristic, to be considered 



and appropriately mitigated in the terms of the application used, Lithium batteries require a 

special charging protocol that differs greatly from other types of chemistry.  

I mention the above to show that its not a simple matter to just pump current into a rechargeable 

battery, there are many things particular to the type of chemistry to consider. 

 

I already mentioned that batteries have a series internal resistance. 

 
 

All batteries when manufactured will have a series resistance component, this is a sum of 

conductor size and chemistry used, any  increases in series resistance reduces the amount of 

energy stored, this is the same as making the water container smaller, but also making the pipe 

out of the container smaller, reducing the flow in or out, this is a two edged sword. With lead 

batteries this usually is caused by the formation of sulphide crystals or the pitting of the plates, 

that reduces the surface area, reducing battery capacity. 

 

Understanding some of the factors at play, we can now proceed to understand how to measure 

the level of charge, to some extent even as the battery ages, I have already mentioned that 

measuring the terminal voltage is not a reliable method, however many battery chargers just 

measure the voltage to determine when to stop charging, but make no other determination to the 

real state of charge of the battery or cells condition. This method is ok when the cells are new but 

as they age the cells don't get fully charged, promoting further cell degradation. What happens is 

that as the series resistance increases, the terminal voltage raises faster with a partial charge, so 

the charger thinks the battery is full when its not. This was a particular problem with NiCad 

batteries. 

 

The only reliable method for a charge determination, is to measure the current going in, 

measured against time, also the current coming out against time, taking into account the loss, 

when I say  the loss, this is the amount of energy lost. The amount of energy to bring the battery 

to a full state of charge after an amount of discharge the difference is the loss. 

(See Peukert's Law) 

Energy In - Energy Out = Energy Lost 

 

Energy conversion loss gets larger as the battery ages, this is an important factor, its due to the 

internal series resistance increasing as the battery ages, it can be assumed that the self discharge 

in some instances also increases but not necessarily, an extreme example is the car battery that 

will not hold the charge overnight, this is usually due to the parallel resistance having decreased 

due to accumulation of contaminants between the plates, providing a larger self discharge current 

path. A state of charge indicator is of no use if the internal parallel resistance (Self Discharge) is 

so small that the battery will not hold the charge.      

 

So the amount of charge held by a battery and for how long depends on battery condition over 

time. This is measured and retained as an efficiency value that relates to the battery condition 

due to cycling and aging. This as I mentioned above is the conversion efficiency, that is as the 

battery ages the efficiency gets worst, you need to put more in to what you get out.  

 



How do we measure the energy used in both directions, we do this by measuring the amps over 

time. Also know as the Coulomb counter. 

 

The definition of a Coulomb is a current of One Amp for one Second 

This is the definition of a quantity of energy.   

 

1 Amp x 1 Second = 1 Coulomb 

 

Since we are defining units of energy measure let me state what often causes confusion. 

 

Watt = V x A 

Watt/h = Watts over One Hour (Often used by power meters in your home)  

 

A "Watt" is a unit of power where a "Watt per Hour" is a unit of work done or energy to do the 

work. 

Thus be it Volts per Second or Current per Second or the combination of both, all are units of 

energy.  

 

Understanding the above we can now use two factors to determine the state of charge of a battery.  

Lets take some real world examples, a battery is rated at 12 Volt 200 Ah  

Lets not bother with the voltage for the moment, we have 200 Amps that we can draw for one 

hour. this does not mean that you can do this with all chemistries, I am only showing this as an 

example to explain the stored energy magnitude. 

So what we have is the "0" Value and the "100" Value, bit like a fuel gauge on a car 

200 Ah is the Full mark. 

 
 

 

The fair question would be, how to know what the full mark is ?  

The battery manufacturer will state this by providing the Amp Hour rating. 

In our example full is a figure of  200 Amps over one hour  

 

Lets convert this to Coulombs -    One hour in seconds is 3600 seconds 

Thus if we draw 200 Amps over one hour we have 200 x 3600 =  720000 Coulombs 

 

Our State of charge system must know or able to determine the direction of current flow,  

now we can measure the flow going out or going into our battery. 

 

All secondary cell batteries will exhibit a higher terminal voltage when fully charged is reached, 

at the same time, the charging current is reduced to very small magnitudes. 

 

I did say that voltage is not an accurate measure, but we still need to determine when we are 

reaching above 95% state of charge, in the case of Lead Batteries the terminal voltage at 100 %  

and 95% will have such a  small a difference that  its not practical to measure, where with some 

as with Lithium its the opposite, the 100% charge state is reached at a particular terminal voltage. 

that of 4.2 to 4.3 Volts depending on the type of Lithium.  



 

Even with Lithium batteries its useful to know what energy is taken from the battery and what is 

required to be put back, reliance on just terminal voltage (As done by many commercial monitor 

systems) As the graph below shows a rapid increase above 80 % and a rapid decrease below 20% 

So what do we do between these two points?  

   

 
A Coulomb counter is useful even with Lithium, we can use the terminal voltage to indicate a 

full charge in the case of Lithium and at least 95% with other chemistries. 

 

The graph below is that of a lead acid battery the C value is a measure of discharge ratio to plate 

capacity, for example our 200 Ah battery at C10 equates to a discharge current of 20 Amps,  

note on the graph as the discharge currents increase the terminal voltage takes a dive   

 

 

 



 
 

 

 

Ok so now need to design a State of Charge Monitor, these are 

the parameters  

a/ Sense Current Magnitude  

b/ Sense Current Direction 

c/ Monitor Terminal Voltage  

 

The current sensing is easy, what we use is a shunt in series from 

the battery to the load or the charger.  

 

The shunt resistor develops a voltage proportional to the current 

flowing, if we have a shunt with a value of 0.5 mOhm we expect 

0.5 mV per Amp flowing,  

(Take care to select a shunt with a maximun current capability)  

 

The hard part is that the sensing must be done in isolation to the negative or positive terminals of 

the system, many solutions exist from optical isolated sensing to specialty integrated circuits, the 

important point is that the polarity of the voltage across the shunt determines the direction of the 

current is flowing from the battery, the use of Hall effect transistor has no physical connection to 

the battery terminal, making the need of a shunt redundant, it can even sense the direction of 

current flow if the proper device is selected, the compromise is that its not linear enough, so if 

accuracy is the goal, the use of a shunt and its associated isolation problems is the best solution. 

 

So now we have a device that measure the current against time (Amps per Second) a simple 

clock will do this with in your design, add every second the magnitude of the current, you can 

get more accurate by sampling more often say every 20 milli Seconds, but your Coulomb is 1 

Unit per Second, so if we sample the current more often as in the 20 milli second scenario it 

equates to 50 samples per second, we need to take the average, we add the sampled values and 

then divide by 50, we get an average over one second. so more samples equates to better 

accuracy, with the use of microprocessors this is achievable. 

 



We now have a measure of current magnitudes over time and a terminal voltage, with some 

simple coding using a microprocessor we can determine the condition of the battery and its state 

of charge. We start with a known capacity stated by the manufacturer, we monitor the energy in 

and energy out, computing the efficiency of the process, using terminal voltage as a reference to 

determine the aging of the battery, (Conversion Loss increases as battery ages) at the same time 

knowing what the state of charge is based on current flow...(Terminal Voltage raises quicker as 

battery ages) 

What is a common factor, is that batteries of similar chemistry behave in a similar manner, so its 

a simple matter with a microprocessor to include tables that real world values are compared 

against, this will determine the aging and efficiency taking place, the most accurate manner to 

measure this is current, only looking at voltages at the predicted volume of current taken or 

delivered to the battery. As the battery ages the voltage will fall sooner for a given value of 

discharge, conversely will raise faster for less current delivered. 

All of this is due to the internal series resistance increasing.  

I have gone more in depth on what would provide an accurate state of charge indicator, that takes 

into account aging, in practice most commercial state of charge devices are just counting 

Coulombs and nothing else, you simply tell the device the rating of the battery with the depth of 

discharge you wish to go to. (50% for Lead, 80% for Lithium)  

 

Now you have an appreciation of what is involved in a simple or not so simple state of charge 

monitor.  

 

Hope this has given you a better insight in battery monitoring, what I did not include in this 

article is temperature compensation. when charging any battery ambient and cell temperature 

must be considered, but that is another article for later on.   

 

Further reading:  

Peukert's Law  Determines the aging state of a battery, not used these days but can predict the 

condition of the cells based on current magnitudes over time  

https://en.wikipedia.org/wiki/Peukert%27s_law 

 

For general information, (Some is contentious but mostly useful for understanding)   

https://en.wikipedia.org/wiki/Peukert%27s_law 
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