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A Small Component with a Big 

Role 
--- by CARSCION Tech 

 

As the automotive industry moves rapidly toward electrification, thermal 

management is becoming just as important as the electric powertrain itself. 

 

One interesting component behind EV cabin comfort and battery thermal 

management is the PTC heater, but what makes PTC technology so useful 

in electric vehicles? 

 

 

뚝 What is a PTC Heater? 

PTC stands for Positive Temperature Coefficient. Unlike a conventional 

resistance heater, a PTC heating element is designed so that its electrical 

resistance increases as its temperature rises. This creates an important 
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characteristic: self-regulating heating. As the temperature increases, the 

resistance rises and the electrical current naturally decreases, helping to 

limit the heating power and reduce the risk of overheating. 

This combination of fast heating, compact design and reliable temperature 

control makes PTC technology highly suitable for automotive applications. 

 

뽭뽮뽯뽰뽱뽳뽴뽲 Why Do EVs Need PTC Heaters? 

In a conventional combustion-engine vehicle, cabin heating can largely 

make use of waste heat generated by the engine. An EV does not have this 

readily available source of waste heat. 

Therefore, the vehicle needs an independent heat source to provide: 

• Cabin heating  

• Windshield defrosting and demisting  

• Battery preheating  

• Thermal management of the vehicle's coolant circuit 

PTC heaters can provide this heat quickly and efficiently from the vehicle's 

electrical system. 
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 The Challenge: Energy Consumption 

There is, however, a trade-off. 

Typical high-voltage automotive PTC heaters can have several kilowatts of 

heating capacity. When operating continuously in cold weather, this can 

become a significant electrical load. 

For an EV, electrical energy used for cabin heating is energy that cannot be 

used for propulsion. 

This means that winter heating can have a noticeable impact on driving 

range, particularly in very cold climates. And this is where the competition 

between PTC heating and heat pump technology becomes interesting. 

 

襑襒襓襔 PTC Heater vs. Heat Pump 

A heat pump can achieve significantly higher heating efficiency than direct 

electrical resistance heating under suitable operating conditions. However, 

heat pump performance decreases as the ambient temperature becomes 

very low. 

PTC heaters, on the other hand, have a major advantage: 
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They can provide stable heating performance even when the outside 

temperature is extremely low. 

For this reason, PTC heaters are often used as: 

• Main heating source in some EV applications  

• Auxiliary heating source for heat pump systems  

• Backup heating source under extreme low-temperature conditions 

In other words, PTC and heat pump technologies are not necessarily 

competitors. In many modern EV thermal-management architectures, they 

work together. 

 

 

둏 Air PTC vs. Coolant PTC 

Another important distinction is the type of PTC heater. 

1) Air PTC Heater 

Directly heats the air flowing into the passenger compartment. Advantages 



PTC Heaters in Electric Vehicles  

 

include: 

• Fast cabin warm-up • Compact construction • Direct heat transfer 

2) Coolant PTC Heater 

Instead of directly heating the air, the PTC element heats the vehicle's 

coolant. The heated coolant can then be circulated through different 

thermal-management circuits. This allows the same heat source to 

potentially support: 

• Cabin heating • Battery preheating • Power electronics thermal 

management • Other thermal-management functions 

This is particularly interesting because modern EVs increasingly use 

integrated thermal-management systems, rather than treating the cabin, 

battery and powertrain as completely separate systems. 
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똺똼똻 PTC Heating and Battery Performance 

Battery temperature has a major influence on EV performance. At low 

temperatures, battery charging and power output can be restricted, while 

charging efficiency may also decrease. A coolant PTC heater can therefore 

be used to help bring the battery to an appropriate operating temperature 

before driving or fast charging. This means that the PTC heater is not simply 

a "cabin heating component." It can also become part of the vehicle's 

battery thermal-management strategy. 

 

 The Future: Intelligent Thermal Management 

The real development trend is not simply making a more powerful PTC 

heater. It is about using the heater more intelligently. 

Modern EVs can combine: 

Heat pumps + PTC heaters + battery heat + motor/inverter waste heat 

+ intelligent thermal controls 

to determine where heat should come from and where it should be 

delivered. The objective is simple: 

Maximum thermal comfort and battery performance with minimum 

energy consumption. 

 

뙂뙀뙁 From a Component Supplier's Perspective 

For automotive thermal-management suppliers, this also creates new 
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opportunities. PTC heater design involves much more than simply 

generating heat. Key engineering considerations include: 

• Heating power and voltage • Thermal response • Electrical insulation • 

High-voltage safety • EMC performance • Coolant compatibility • Pressure 

and flow characteristics • Temperature control • Durability and reliability • 

Communication and diagnostic functions 

 

As EV platforms continue to evolve, the PTC heater is becoming an 

increasingly integrated part of the vehicle's overall thermal-management 

architecture. 

Small component. High voltage. Significant thermal responsibility. 

That is what makes PTC heater technology such an interesting part of the 

EV revolution. 

 

 


