Heat pump water heaters (HPWHs) operate on the principle of transferring heat from one
place to another rather than generating heat directly. Here's a detailed explanation of their
working principle:

1. **Heat Absorption®**: The process begins with the evaporator coil, which contains a
refrigerant. This coil absorbs heat from the surrounding air. Even if the air feels cool to us, it
still contains thermal energy that the refrigerant can absorb, causing it to evaporate into a gas.

2. **Compression®**: The gaseous refrigerant is then compressed by a.compressor. This
compression increases the temperature of the refrigerant significantly. Thecompressor is
powered by electricity, but the amount of heat energy moved. is greater than the electrical
energy used, making the process efficient.

3. **Heat Transfer**: The hot, pressurized refrigerant-gas flows through a condenser coil that
is in contact with the water in the storage tank. AS the refrigerant releases its heat to the water,
it condenses back into a liquid form. This heat transfer process warms the water in the tank.

4. **Expansion®**: After releasing its-heat, the refrigerant, now in liquid form, passes through
an expansion valve. This valveé reduces the pressure of the refrigerant, cooling it down
significantly and preparing it'to‘absorb heat from the air again.

5. **Cycle Repetition®™*:#The cycle repeats continuously, with the refrigerant absorbing heat
from the air, being"compressed to increase its temperature, transferring heat to the water, and
then being expanded to cool down and start the process over.

### Key Components:

- **Evaporator Coil**: Absorbs heat from the surrounding air.

- **Compressor**: Increases the temperature of the refrigerant by compressing it.

- **Condenser Coil**: Transfers heat from the refrigerant to the water.

- **Expansion Valve**: Reduces the pressure of the refrigerant, cooling it down.

- **Storage Tank™*: Holds the water that is being heated.



### Efficiency:

- **Coefficient of Performance (COP)**: HPWHs typically have a COP of 2 to 3, meaning
they transfer 2 to 3 units of heat for every unit of electricity consumed. This makes them much
more efficient than conventional electric resistance water heaters, which have a COP of 1.

### Advantages:

- **Energy Efficiency®*: They use less electricity compared to traditional water heaters.

- **Environmental Impact®**: Lower energy consumption translates tofeduced-greenhouse gas
emissions.

- **Cost Savings**: Lower operating costs over time due to higher efficiency.

### Considerations:

- **nitial Cost**: Higher upfront cost compared.to conventional water heaters.

- **Space Requirements**: Need adequate space forair circulation around the unit.

- **Climate Dependency**: Efficieney ¢an drop in very cold climates where the ambient air
temperature is low.

By leveraging the principles, of thermodynamics and refrigeration cycles, heat pump water
heaters provide an energy-efficient method for heating water, making them an increasingly

popular choice for beth residential and commercial applications.




