Understanding Peukert's Effect and Its Limitations in Battery Applications

Batteries are essential components of many modern devices, from our smartphones and laptops to
electric vehicles and solar energy systems. One of the factors that can influence a battery's performance
is Peukert's effect. This phenomenon describes the significant voltage drop, or 'sag,' that occurs when a
battery is required to deliver very high currents. To understand why using Peukert's formula might not be
the best approach for certain applications, let's explore this effect in more detail and draw an analogy to
help clarify the concept.

What is Peukert's Effect?

Peukert's effect is named after Wilhelm Peukert, who first described it in the late 19th century. It refers
to the drop in a battery's voltage when it is subjected to high current demands. This voltage drop
happens because the chemical reactions inside the battery can't keep up with the high rates required to
deliver the demanded current. Essentially, the ions involved in these reactions have low mobilities,
meaning they move slowly and can't support high current draw efficiently.

When a battery experiences high current draw, it becomes less efficient, and its capacity is effectively
reduced. Peukert's formula is often used to calculate the remaining capacity of a battery under different
loads, providing a derating factor that accounts for this effect. While this formula can be useful in some
scenarios, it has its limitations.

Why Peukert's Formula Might Not Be Ideal for All Applications

Imagine you're hiking up a trail with varying steepness. At times, you might encounter steep sections
where you have to slow down or even stop to catch your breath because your heart rate is excessively
high. However, after a few minutes of rest on a less steep section, you recover and continue your hike.
Your overall endurance and ability to complete the hike are not limited by those few short steep
sections. Similarly, a battery's overall capacity is not necessarily limited by occasional high current
demands.

The amount of electrical charge (hence, the electrical energy) in a chemical battery is determined solely
by the amount of reactants available in the battery and not by the rate at which the reactants are
consumed.

Peukert's formula assumes that the high current demand is constant and continuous, leading to a
significant reduction in the battery's effective capacity. However, in many real-world applications,
batteries are not subjected to continuous high currents. Instead, they may experience high current draws
only occasionally, with the majority of the time spent delivering light to moderate loads.

For example, consider an electric vehicle. When accelerating rapidly or climbing a hill, the battery may
need to deliver high current for a short period. Most of the time, however, the vehicle operates under
moderate load conditions. If Peukert's formula is used to predict the remaining capacity in such
scenarios, it would likely underestimate the battery's true capacity because it doesn't account for the
recovery periods when the load is lighter.

Practical Implications



Using Peukert's formula to predict battery capacity in applications with occasional high demands can
lead to overly conservative estimates. This could result in unnecessary battery replacements or the
selection of larger, more expensive batteries than actually needed. In contrast, if the application
primarily involves continuous high current draws, such as in certain industrial equipment, Peukert's
formula can provide a more accurate reflection of the battery's performance.

For applications with varying load demands, a more dynamic approach to estimating battery capacity is
advisable. This might involve monitoring the actual usage patterns and considering both the high
demand periods and the recovery times. Advanced battery management systems (BMS) are designed to
handle these complexities, providing more accurate estimates of remaining capacity by considering real-
time data and usage history.

Conclusion

While Peukert's effect is an important factor in understanding battery performance, its formula may not
always provide accurate predictions for applications with occasional high current demands. Just as a
hiker's overall endurance isn't limited by a few steep sections, a battery's capacity shouldn't be
underestimated based on intermittent high loads. For more accurate capacity estimations, it's crucial to
consider the actual usage patterns and rely on advanced battery management systems that can account
for the dynamic nature of real-world applications.



