ATP Consumption

How much ATP does a resting human body use per second?

In a resting human body, the rate of ATP usage is roughly
1.04 x 1022 molecules per second.
While the exact number varies by individual size and metabolic rate, here is a
breakdown of that massive turnover:
« Daily Mass: A human at rest uses approximately 45 kilograms (99 pounds) of
ATP every 24 hours.

o Per Cell Usage: On average, a single cell consumes about 10 million molecules
of ATP every second.

» Storage vs. Speed: Despite using tens of kilograms daily, your body only stores
less than 1 gram of ATP at any given moment.

« Recycling Rate: Because storage is so low, every molecule of ATP is recycled
(from ADP back to ATP) approximately 500 to 750 times per day.

Would you like to know how these rates change during high-intensity exercise or which
specific organs consume the most energy?

What percentage of this ATP consumption is due to brain activity?

In a resting human, brain activity accounts for approximately
20% to 25% of the body's total ATP consumption.
This is a disproportionately high amount given that the brain typically represents only
about 2% of the body's total mass. This intense energy demand means the brain is
roughly nine to ten times more "metabolically expensive" per gram than the average for
the rest of the body.
Where is this energy used?
The brain's ATP budget is primarily divided into two categories:
o Neural Signaling (~75%): The vast majority of brain energy powers the active
transport of ions (via the Na+/K+-ATPase pump) to reset electrical gradients
after neurons fire. This includes:
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o Propagating action potentials (electrical signals).
o Recycling neurotransmitters at synapses.

» Housekeeping (~25%): This remainder is used for general cell maintenance,
such as protein synthesis and maintaining the structural integrity of cell
membranes.

Is there an "energy spike" during hard thinking?

Surprisingly, "thinking hard" does not drastically increase this total. Research shows
that engaging in complex cognitive tasks—like solving a difficult math problem—only
increases the brain's baseline energy consumption by about 5% to 8%. The brain
effectively remains "always on," even during sleep.

Would you like to explore how other organs like the liver or heart compare in their ATP
usage, or perhaps the specific chemical pathways the brain uses to generate this fuel?

How many ATP molecules does a brain neuron use per second?

A single cortical neuron in a resting human brain utilizes approximately

4.7 billion ATP molecules per second.

This individual rate is nearly 500 times higher than the average human cell, which
consumes roughly 10 million ATP molecules per second. The high energy demand of
neurons is driven by the constant need to maintain electrical readiness and
communicate.

Breakdown of Neuronal ATP Usage
« Signaling (Action Potentials): A single "spike" or action potential consumes
about 2.4 billion ATP molecules to reset the neuron's electrical charge.

« Maintenance (Nonsignaling): Even when not actively firing, a neuron uses
roughly 920 million ATP molecules per second just to power "housekeeping"
tasks like maintaining its membrane potential and recycling neurotransmitters.

« Synaptic Activity: Moving just one vesicle of glutamate (a common
neurotransmitter) requires over 20,000 ATP molecules.

Brain-Wide Context
While there are roughly 86 billion neurons in the brain, the high-energy gray
matter neurons (where most processing happens) are responsible for the vast majority
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