
 

The Role of Buffer Tanks in Small Air-to-Water Heat Pump (AWHP) Hydronic Heating 
and Cooling Systems 

Do I Need a Buffer Tank? 

Air-to-water heat pumps (AWHPs) are increasingly popular for residential and small commercial 
hydronic systems due to their high efficiency, ability to provide both heating and cooling, and 
low-carbon operation. However, small AWHP installations (typically under 5–10 tons) may face 
challenges related to variable loads, low system thermal mass, and mismatched flow 
requirements between the heat pump and distribution circuits. A properly sized and piped buffer 
tank addresses these issues by providing hydraulic separation, thermal buffering, and cycling 
mitigation. These functions improve system efficiency, extend equipment life, enhance comfort, 
and ensure reliable performance in both heating and cooling modes. This paper explains the 
technical rationale and best practices for incorporating buffer tanks in small AWHP hydronic 
systems. 

Challenges in Small AWHP Hydronic Systems Without Buffer Tanks  
 
Small AWHP systems typically serve low-mass emitters such as fan-coil units, radiant panels, or 
zoned radiant floors. These systems have limited water volume and highly variable loads due to 
zoning, part-load operation (common in mild weather), and occupant behavior. Without a buffer: 

• In low-load conditions, the heat pump’s minimum output exceeds instantaneous demand. 
This leads to short cycling, causing rapid temperature rises or drops in the distribution 
loop. 
 

• Frequent on/off cycling lowers overall system efficiency. Energy stored in a buffer tank 
helps extend on- and off-cycle durations, reducing cycles per hour. 
 

• Hydraulic mismatches occur because AWHPs often require a specific controlled flow 
rate for optimal performance and capacity control, while fan-coil units or radiant zones 
may need different flow rates for their own optimal performance. 

Some manufacturers claim their systems do not need a buffer tank. Smart supply-side systems 
(heat pumps) with variable-speed compressors and pumps are designed so the heat pump 
controls flow rate to ensure ideal operation. Likewise, a properly designed load-side hydronic 
system should provide flow rates that are optimal for the indoor distribution (radiant floors, fan 
coils, air handlers, etc.). However, it is only by (perhaps brief) coincidence that the optimal flow 
rates on both sides will be the same, since loads—and the required flow to match those loads—
change frequently as zones open and close or as variable-speed loads (such as fan coils) respond 
to thermostats. A system that “does not need” a buffer tank may operate without one, but it is 
indisputable that the same system would function better if configured with a properly sized 
buffer tank. 
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Consequences of omitting a buffer tank may include a reduced coefficient of performance (COP) 
compared with what could otherwise be achieved, increased compressor wear, uneven space 
temperatures, and potential reliability issues during defrost cycles (in heating) or 
dehumidification (in cooling). 

Hydraulic Separation: Decoupling Primary and Secondary Circuits  
 
Hydraulic separation is one of the primary functions of a buffer tank in a typical hydronic 
system. It ensures that the heat pump’s primary circulator operates independently of the 
distribution (secondary) circulators without interference. 

In a buffer tank configuration, the tank serves as a low-head-loss common piping point. Flow 
velocities inside the tank are very low (<0.2–0.5 ft/s) due to its large cross-sectional area, 
producing near-zero pressure drop between supply and return connections. This decouples the 
circuits (hydraulic separation): 

• The heat pump (supply side) maintains its required flow and head regardless of how 
many zones are active. 
 

• Distribution pumps (load side) can ramp up or down freely without affecting primary 
flow. 

Without hydraulic separation, the simultaneous operation of circulators can cause reverse flow, 
dead-heading, unpredictable flow rates, and erratic temperatures. 

Thermal Buffering and Cycling Mitigation  
 
A buffer tank adds significant water volume (thermal mass) to the system, acting as an energy 
buffer or “battery.” In heating mode, it stores hot water produced by the AWHP; in cooling 
mode, it stores chilled water. This provides two key benefits: 

• The buffer tank absorbs excess output during low-load periods and releases stored energy 
when demand increases, or when the heat pump is off. This smooths system water 
temperature fluctuations and improves comfort. 
 

• By increasing system volume, the buffer tank extends heat pump on-cycle run times. The 
heat pump can operate longer at its setpoint while the tank absorbs the difference between 
output and load. Likewise, using stored energy extends off-cycle period. Longer intervals 
between cycles reduce the number of cycles per hour, dramatically improving the net 
average efficiency of the heat pump. 

 

 

 



 

Buffer Tank Sizing Methodology  

Buffer tank volume is calculated to achieve a desired minimum on-cycle time t (typically 5–10 
minutes) while limiting tank temperature swing ΔT (often 10°F). The standard formula is: 

𝑉𝑉 =
𝑡𝑡 × (𝑄𝑄HP − 𝑞𝑞load)

500 × Δ𝑇𝑇
 

where: 

• 𝑉𝑉= minimum tank volume (gallons) 
• 𝑡𝑡= desired on-cycle duration (minutes) 
• 𝑄𝑄HP= heat pump output rate (Btu/h) 
• 𝑞𝑞load= simultaneous load extraction rate (Btu/h; often near zero during sizing) 
• 500 = constant (8.33 lb/gal × 60 min/h × specific heat of water ≈ 1) 
• Δ𝑇𝑇= allowable temperature change in the tank (°F) 

Rule-of-thumb guidelines for small AWHPs are also useful: 5–10 gallons per ton of heat pump 
capacity (adjusted for system specifics), with a minimum of 15 gallons of total system volume. 
Larger tanks allow narrower ΔT or longer run times. 

Additional Benefits and Implementation Considerations 

• Equipment Longevity and Efficiency — Reduced cycling means fewer compressor 
starts/stops, which extends service life and maintains higher average COP. During 
heating defrost cycles, stored energy in the tank minimizes indoor temperature drops. 
 

• Zoning Flexibility — Multiple independent zones can operate freely without forcing the 
heat pump to cycle. 

Modern modulating/inverter-driven AWHPs may reduce (but not eliminate) the need for buffer 
tanks in perfectly matched, single-zone systems. For example, used with a single indoor load 
such as a central air handler, the advantages of a buffer tank are at their lowest but are still 
present. However, for most residential or light-commercial installations with variable loads, a 
buffer tank remains the most reliable and preferred solution. 

Conclusion In small AWHP hydronic heating and cooling systems, buffer tanks are not optional 
add-ons—they are essential components that deliver hydraulic separation, thermal buffering, and 
cycling mitigation. Even systems that are “designed to run without a buffer tank” will see 
improved operation by adding one. By enabling longer, more efficient run times and protecting 
against flow mismatches, buffer tanks maximize COP, enhance comfort, mitigate cycling, and 
extend equipment life. Designers and installers should follow industry guidelines, apply the 
sizing formula above, and install a buffer tank. When properly implemented, buffer tanks 
transform potentially problematic small systems into stable, high-performance hydronic solutions 
that fully realize the promise of air-to-water heat pump technology.  

 


