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Understanding Battery Capacity Ratings
Explained Simply
Batteries power everything from smartphones and laptops to electric vehicles and renewable energy
storage systems. However, understanding battery capacity ratings can be confusing due to the various
units and technical terms used. This article breaks down battery capacity ratings in simple terms,
explaining key concepts like amp-hours (Ah), watt-hours (Wh), and milliamp-hours (mAh), and how they
impact performance.

What Is Battery Capacity?

Battery capacity refers to the amount of electrical energy a battery can store and deliver over time. It
determines how long a device can run before needing a recharge. Capacity is typically measured in
ampere-hours (Ah) or watt-hours (Wh), depending on the application.

Key Terms to Know

1. Ampere (Amp or A) â?? A unit of electric current, representing the flow of electrons.
2. Ampere-hour (Ah) â?? A measure of electric charge, indicating how much current a battery can

supply over one hour.
3. Milliampere-hour (mAh) â?? A smaller unit of Ah, commonly used for small batteries (1 Ah =

1000 mAh).
4. Watt-hour (Wh) â?? A measure of energy, representing the total power a battery can deliver over

one hour.
5. Voltage (V) â?? The electrical potential difference that drives current through a circuit.

Understanding Amp-Hours (Ah) and Milliamp-Hours (mAh)

Amp-Hours (Ah)

Definition: Amp-hours measure how much current a battery can provide over a specific time.
Example: A 5 Ah battery can supply 5 amps of current for 1 hour before depleting.
Usage: Commonly used for larger batteries, such as those in electric vehicles (EVs), solar power
systems, and power tools.
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Milliamp-Hours (mAh)

Definition: A smaller unit of Ah, where 1 Ah = 1000 mAh.
Example: A 3000 mAh battery can supply 3000 milliamps (3 amps) for 1 hour.
Usage: Typically used for small electronics like smartphones, tablets, and portable chargers.

Calculating Runtime Using Ah or mAh

To estimate how long a battery will last:
â?? Runtime (hours) = Battery Capacity (Ah or mAh) Ã· Current Draw (A or mA)
â?? Example: A 2000 mAh battery powering a device drawing 500 mA will last:
â?? 2000 mAh Ã· 500 mA = 4 hours

Understanding Watt-Hours (Wh)

While Ah and mAh measure charge, watt-hours (Wh) measure energy, which is more useful for
comparing different batteries.

What Is a Watt-Hour?

Definition: A watt-hour represents the amount of energy a battery can deliver at a given voltage
over one hour.
Formula:
Watt-hours (Wh) = Amp-hours (Ah) Ã? Voltage (V)
Example: A 12V battery with 10 Ah has:
10 Ah Ã? 12V = 120 Wh

Why Watt-Hours Matter

Comparing Batteries: Two batteries with the same Ah rating but different voltages will have
different energy capacities.
A 5 Ah, 3.7V battery (18.5 Wh) stores less energy than a 5 Ah, 12V battery (60 Wh).
Real-World Applications: Electric vehicles and solar batteries often list capacity in kWh
(kilowatt-hours), where 1 kWh = 1000 Wh.

Factors Affecting Battery Capacity

Several factors influence how long a battery lasts, even if its capacity rating is high:

1. Discharge Rate (C-Rating)
2. Batteries lose capacity if drained too quickly.

3. A high C-rating means the battery can deliver more current without losing efficiency.
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4. Temperature

5. Extreme heat or cold reduces battery performance and lifespan.

6. Lithium-ion batteries perform best between 10Â°C and 35Â°C (50Â°F to 95Â°F).

7. Age and Cycle Life

8. Batteries degrade over time, losing capacity after repeated charge-discharge cycles.

9. A lithium-ion battery may retain 80% capacity after 500-1000 cycles.

10. Voltage Sag

11. As a battery discharges, its voltage drops, reducing efficiency.
12. Some devices shut down before the battery is fully depleted to prevent damage.

Common Battery Capacity Ratings by Device

Device Typical Capacity Unit Used
Smartphone 3000â??5000 mAh mAh

Laptop 40â??100 Wh Wh

Electric Vehicle 40â??100 kWh kWh

Power Bank 10,000â??20,000 mAh mAh

AA Battery 2000â??3000 mAh mAh

Car Battery 40â??100 Ah Ah

Solar Battery 5â??20 kWh kWh

How to Choose the Right Battery Capacity

1. Determine Power Needs
2. Check your deviceâ??s power consumption (in watts or amps).

3. Example: A 60W laptop running for 5 hours needs 300 Wh of battery capacity.

4. Consider Voltage Compatibility

5. Ensure the battery voltage matches your deviceâ??s requirements.

6. Example: A 12V battery wonâ??t work in a 5V USB device without a converter.
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7. Account for Efficiency Losses

8. Real-world capacity is often 10-20% less than rated due to inefficiencies.

9. Future-Proofing

10. If upgrading, choose a battery with 20-30% more capacity than needed.

Myths About Battery Capacity

â•? â??Higher mAh Always Means Longer Runtimeâ?•
â?? Not if the voltage is different. A 3.7V, 5000 mAh battery (18.5 Wh) lasts less than a 12V, 2000
mAh battery (24 Wh).

â•? â??Batteries Lose Capacity Immediately After Purchaseâ?•
â?? Degradation happens gradually over hundreds of cycles.

â•? â??Fully Discharging a Battery Improves Lifespanâ?•
â?? Modern lithium-ion batteries last longer with partial discharges rather than full drains.

Conclusion

Understanding battery capacity ratingsâ??whether in Ah, mAh, or Whâ??helps in selecting the right
power source for any device. While amp-hours measure charge, watt-hours provide a clearer picture
of energy storage. Factors like discharge rate, temperature, and cycle life also play a crucial role in
real-world performance.

By grasping these concepts, consumers can make informed decisions when purchasing batteries for
electronics, vehicles, or renewable energy systems, ensuring optimal performance and longevity.
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