
Introduction to UKT ceramic self variable heaters 

UKT pioneered an innovative heating combination 18 years ago by introducing for the 
first time self variable ceramic heaters into small residential air/air heat-pumps. 

At that time most industrial and commercial customers were starting to demand 
improved efficiency ratio, safety and reliable performances within such small HVAC 
units. 

The solution to improve heating performance of small air/air heat pumps at low 
temperatures has been not easy to find. 

The main problem was the difficulty in transferring effective heat from outside into the 
indoor ambient when the outside is chilled. 

Residential air/air heat pumps decrease performance as the outside temperature 
reduces, and when the outside temperature freezes, the latent heat given by the 
humidity become unusable and ineffective to be transferred indoor. 

In addition at chilly conditions traditional heat-pumps are subjected to perform defrosting 
cycles approximately every 15-20 minutes, so when that happen the energy 
consumption is used to defrost outside heat-exchangers and not used to generate 
effective heating. 

The rated capacity of a residential HVAC is normally given at 7°C with 90% RH positive 
temperature with vaporized liquid water or water mist.  It is also well known that 
manufacturers are usually reluctant to supply information about the real heating capacity 
at freezing conditions since most of this data are not mandatory. 

The performance of an air/air heat pump at freezing conditions is not constant and it is 
subject to reduce exponentially accordingly to the thickness of the ice accumulating on 
the heat exchanger fins. 

A thin Ice layer may reduce the capacity of heat exchanging dramatically, subsequently 
it grows rapidly, reducing air flow,  this may degenerate quickly  depending on the 
weather conditions. 

The heating capacity generated by an air/air heat pump in such conditions is therefore 
shared with the defrosting cycles, in other words it results:  

Effective heating = Q -  ( Q x duration defrost in minutes x n° of defrost cycles ) 
60 minutes 

Where Q is the estimated heating capacity per hour: It is immediately possible to see 
that nominal heating capacity at cold temperatures in reality never becomes available 
because it not effective full time. 
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The defrost cycles could drive engineers to huge mistakes such that to  overestimate the 
capacity of the heating system or worst to underestimate it. 

One other issue to take into consideration is that the energy consumption during defrost 
is completely lost, in other words energy is spent attempting to transfer as much heat as 
possible from outdoor to the indoor (despite the low level of performance at such chilly 
temperatures) and again energy is spent to melt the ice periodically to keep heat 
exchanger clean and efficient. 

In conclusion the small air/air heat pumps at chilly temperature may have performance 
lower than 1:1  and may have worst performance than a standard, cost effective, 
electrical heating element. 

Many manufacturer, to keep small heat pumps operating at chilly temperatures  found 
the easiest way to compensate is by adding ancillary heating devices, such as heating 
belts, heating rods, hot-gas valves etc that to reach the lowest temperature limit outside. 

At the end of this exercise we can approximate that the energy spent to force an air/air 
heat pump to operate at chilly temperatures is approximately the same or worst than that 
required by a simple ventilated heating element in the indoor. 

In conclusion small air/air heat pumps becomes really convenient to run only when 
temperatures rise above minus 5°C and in presence of high humidity. Once the outdoor 
temperature is between 7° to 15° C it is also possible to obtain heating performances up 
to 3 to 5 times higher than the electrical input. 
 
At UKT, we found the perfect solution to the limitations of an air/air heat pumps by 
combining different components and optimizing the best performance by each 
technology. 
 
The first step has been to test the introduction of a PTC heating element (Positive 
Temperature Coefficient heaters) in series with the air-flow generated indoor by the AC 
unit working in heat pump mode . 

The PTC was calculated accordingly to air flow and delta-temperature required that to 
maintain the air temperature output around 55°- 70°C. 

The PTC heater can automatically adjust its resistance and therefore the power 
(effective heating capacity) in order to keep its surface temperature constant. 

In other words if the heat 
generated by the heat pump is 
sufficient the PTC remain quite 
inoperative with a low 
consumption, but at the 
decreasing of the heat 
generated by the heat pump 
due to weather conditions  than 
the PTC gradually increase its 
absorption compensating the 
heat lost. 

This property can be used to 
generate heat at constant 
temperature at variable electrical consumption, using ceramic PTC capsules integrated 
into fin heat exchangers. 
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The combination of the two systems developed successfully  by UKT in 15 years 
experience make it possible to compensate the variability of the heat pump capacity 
maintaining a constant ventilation temperature  and effective heating even at chilly 
conditions. 

The outcome for the user was an exceptional comfort 
level for the entire season. 

The UKT engineers named it “Heating Boost Device” for 
internal usage HBD  it is still known today as an acronym 
invented by UKT. 

At the same time the UKT units were designed to cut off the 
heat-pump compressor when performance was no more 
effective to justify a compressor running that without the 
need to defrosts, ancillary heating kits expensive electronic 
managements modules, inverters or whatever. 

The combination of multi technologies make the UKT units extremely reliable at all 
conditions minimizing running costs, as well as maintenance and service. 

In the last 15 years the PTC technology has been improved and at the present the cost 
is certainly more affordable than 15 years ago. During this period UKT has continued to 
develop its expertise in this field. 
 
The global market changes are now requiring high efficiency products but at the same 
time competitive prices. 
 
The new generation of product designed by UKT now focuses on obtaining the highest 
energy efficiency ratio from cooling mode and at the same time offer the market a 
reliable and cost effective solution. 

UKT has therefore phased out small air/air heat pumps for the coldest climates because 
they are too expensive to manufacture and not efficient to run. 

 

Advantages of the ceramic heaters  
This switch in components is what makes UKT units more advanced in comparison with 
standard PTAC units :  

Higher Levels of Safety 

Traditional wire heaters run at internal temperatures that can exceed 900°F (500°C). 
Compare this with PTC heaters that can be designed specifically, for example to run at  
350°F (180°C). 
 
This temperature is contained within the core of the ceramic heating element integrated 
itself into a fin heat exchanger. 
 
As a result it is an extremely safe device definitively stronger and more durable than 
traditional wire heating elements. 
 
Lower surface temperatures will always reduce fire risk from inappropriate usage. 
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Inappropriate usage : 
 
 
Everybody  know that people dry clothes on heating devices in domestic usage in a way 
that obstructs air-flow such as the use of the upper side of heating units to store 
personal gadgets, bags, sandwiches etc. during normal office activity. 
 
At UKT we believe that It does not make sense to adopt the finest materials, with 
improved quality certification, if at the end of a complex HVAC project the lifespan  of 
components  may be easily compromised by simple daily actions. 
 
Because PTC stones adopted by UKT do not generate heat at a constant rate like 
resistance wires do, they will cool down spontaneously to avoid overheating, it means 
when air flow is obstructed the energy consumption rapidly decrease itself. 
 
Our mission at UKT is that to improve the quality of the product but the quality of the 
design too,  introducing methodology such as “Failure mode effect analysis” to eliminate 
potential failures, even including remote possibilities such as dropping liquid perfumes 
into heating devices just to get fragrance in the room air.  
 
If somebody do that with wired heating elements there would be the high possibility of an 
immediate explosion of flammable vapors, fuelled by ventilation, with catastrophic results 
equivalent to a small bomb. HBD technology reduces such risk just to a remote 
possibility (*) 
 
With HBD there are no more wires becoming white hot and no fuses to blow up, so 
avoiding the wiring resistor melting. 
 
One other way to get damaged wired heating elements has been discovered observing 
children playing : It consists to roll into small balls, pieces of tin paper, foil from candies 
or chewing to drop into the unit when it is turned off. 
When subsequently someone else will turn the unit on, than  the tinfoil slowly expand 
itself due to temperature increasing, touching conductors it generate irregularly sparks, 
smell, creaking’s and in long time the permanent destruction of the heating element. 
This practice is very popular also between adults sometimes. 
 
UKT engineers normally design air conditioners taking into consideration a large number 
of failure possibilities. 
 
The HBD technology even if temporally short-circuited will stop to operate because the 
electrical devices existing in the building will cut the power supply, but very rarely the 
HBD core will be in result to be replaced after all. 
 
The service required will be that to clean the surface of the heating heat exchanger from 
conductive dusts to avoid leaks to the ground, 
 
The picture in the last page show the mechanical structure of the HBD which show that 
at normal conditions the ceramic heating elements are not exposed to external 
damages. 
 
 
(*)Anyway, this improvement has not to become an excuse to drop flammable liquids into air conditioners or get the 
ambient saturated by flammable gas because household electric devices still remain not designed for that and may create 
serious injuries if used with negligence or for different purposes. 
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Energy saving 

Apparently HBD still remains a variable resistor in its nature, If measured 
instantaneously its energy efficiency ratio reflect 1:1 - it means if we spend 2.0 kW 
electricity we get 2.0 kW heating. 

But the real advantage and running cost saving is given by how it works during the day. 

Designing HBD properly for low surface temperature it is possible to minimize electrical 
consumption accordingly to room temperature. 

When room temperature rise up to 
24° - 25° C the electrical 
consumption decrease
spontaneously up to 50% of the 
capacity or lower, that without 
generating discomfort such as 
traditional wired heating elements, 
because it keep the output 
temperature fluctuating in 
comfortable range reducing On-Off 
cycling  

In a full winter usage the difference 
in electricity bill will be significant, 
particularly running HBD’s in large 
offices, large building or hotels, and 
will optimize consumption accordingly to the real need 

At the same time when a room is left very cold ( e.g after a weekend ) the user wants to 
reach comfort temperature and productivity as fast as possible. The HBD can operate at 
120% of its design capacity at temperature from 0°C to 10°C  and subsequently 
decrease its power accordingly once the indoor area gets warm. 

Over setting : 

As often happens, final users do not care about electrical consumption particularly when 
they have not to pay for the electricity bill. 

If the end user intends to force thermostat up to 30°C at a certain point the heat 
introduced in the indoor area per hour,  will be in excess and wasted. 

Instead the HBD will gradually decrease power, it will be always possible to reach 30°C 
but in longer time than traditional heating elements . 

The quality of the air also changes and any smell generated from dust burning will be 
also minimized. 

In other words the HBD will avoid waste of energy and unnecessary carbon emissions. 
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Longer Lasting 

As mentioned above, PTC heaters only generate the heat necessary to fulfill its 
predesigned temperature target .  

A self-limiting PTC system means less money spent for servicing, and the smoother 
running PTC heater should rarely, if ever, break down. 

Lifetime Maintenance 

One of the major benefits of lighter weight heating systems such as UKT, HBD heating is 
that the lifetime maintenance costs are lower. 

Because it is self-limiting and uses less energy, it is far less likely to overheat or break 
down, whereas a more traditional heating system can regularly experience conditions 
like this. 

In addition to the amount of energy consumed, there are other factors to consider, such 
as the risk of repairs being needed and the overall maintenance requirements of a 
heating system. 

Most heating systems are rated for a certain lifespan, but to maintain that, a certain 
degree of maintenance is expected and must be fulfilled to keep the system operating 
properly. 

e.g Obstructed air filters may damage wired electrical heaters but can be tolerated by
PTC’s 
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