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Two Worlds, One Goal

The designation of a heat pump immediately reveals which heat source the heat
pump uses and which heat sink it can serve. Air-to-water heat pumps use outside air
(in most cases) as their heat source and a water-based system (underfloor heating
or radiators) as their heat sink. Air-to-air heat pumps, on the other hand, distribute
heat (or cooling) into the room via the air.

These types of heat pumps are often discussed as a cost-effective alternative to
water-based systems. They offer several clear advantages: lower acquisition costs,
simple installation without hydraulic modifications, and an integrated cooling
function. They are widely used and dominate the market in countries such as
Norway, Sweden, and Asian countries.

In Germany, however, they have played a very minor role to date. The statistics of
the German Heat Pump Association do not even record them separately. This
article highlights the applications for which air-to-air heat pumps can be a sensible
solution and the practical aspects that should be considered when making a
decision.

The key questionis: Is the air-to-air heat pump a good alternative for all houses—or
only for certain applications?
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What is an Air-to-Air Heat Pump?

An air-to-air heat pump extracts heat from the outside air and transfers it directly to
the indoor air via anindoor unit. In the case of cooling, the process isreversed: the
system extracts heat from the indoor air and transfers it to the outside air. Unlike air-
to-water heat pumps, no water circuit is used for heat distribution. The system

consists of an outdoor unit and one or more indoor units connected by refrigerant
From a technical

pipes. : |
perspective, air-

From a technical point of view, most air-to-air heat pumps are air conditioning units to-air heat pumps

(split air conditioning systems) that have a heating function in addition to a cooling are air

function. In countries with a high demand for cooling, these units are primarily sold conditioning

and used as air conditioners, while in colder regions the heating function is the main systems that heat

focus. and cool directly
with air without a

The most common system variants are split units (one outdoor unit, one indoor water circuit

unit), multi-split systems (one outdoor unit, several indoor units) and VRF (Variable
Refrigerant Flow) systems for larger buildings.

The Japanese company Mitsubishi Electric developed the first mini-split systemin
1959. From there, the technology spread first in Asia and later worldwide — with the
exception of countries such as Germany, where water-based central heating
systems were already established.

International Market Stats

In Germany, around 193,000 heating heat pumps were sold in 2024, 92% of which
were air-to-water systems — air-to-air heat pumps are not recorded separately in
statistics’.

In Norway, on the other hand, air-to-air systems dominate with a market share of
over 75%; Since 1987, a total of 1.9 million heat pumps have been sold,
corresponding to a density of 632 units per 1,000 households - the highest figure
worldwide.?3

In Japan, over 90% of households are equipped with mini-split systems, which are
considered the standard solution for heating and cooling there.*

Technical Comparison: Air-to-Air vs. Air-to-Water

The two types of systems differ fundamentally in the way they distribute heat.
While air-to-air heat pumps blow the heated air directly into the room, air-to-water
systems use a water circuit to distribute the heat to radiators or underfloor heating
systems. These differences have far-reaching consequences for the possible
applications: Air-to-air systems cannot produce domestic hot water due to their
design, but offer a cooling function as standard. They can be installed without
hydraulic modifications to the existing building, while air-to-water systems require a
water-based distribution system.
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Feature Air-to-Air Air-to-Water

Heat distribution Directly via airflow Via water to radiator /
underfloor heating

Domestic Hot Water  Not possible Integrated

Cooling Built-in function Possible, higher effort
Integration into Without hydraulic Requires water-bases
existing structure changes system

Table 1- Air-to-air and air-to-water heat pump compared

The Question of Domestic Hot Water

The lack of hot water production is one of the main limitations of air-to-air heat

pumps. This limitation is inherent to the system and lies in the nature of a system Air-to-air heat

that transfers heat directly to the room air and does not use a water circuit.

pumps always
. . require a separate
Separate solutions must therefore be planned for hot water production: a separate hocz,‘ e P
W /s
domestic hot water heat pump, a direct electric solution such as a continuous-flow ,
) concept, which
3 water heater — possibly supported by solar thermal energy — or, as a temporary affects costs and
transitional solution, the continued use of an existing fossil fuel boiler exclusively for economic
hot water production. efficiency.

When planning an air-to-air solution, the hot water concept must be considered
from the outset. The total costs and economic efficiency depend largely on which
solution is chosen.

Efficiency: Why Measurements are so Difficult

With air-to-water heat pumps, the heat emitted can be precisely measured using
heat meters in the water circuit. The seasonal performance factor (SPF) is
calculated as the quotient of heat supplied and electrical energy consumed.

With air-to-air systems, this is almost impossible under field conditions. The heat
distributed via the room air can hardly be quantified. There is no water circuit in
which a heat meter could be installed and no air supply ducts that would also have
enabled heat measurement. For this reason, there are no systematic field studies
for air-to-air heat pumps in heating mode, as there are for air-to-water systems.

Manufacturers specify COP (coefficient of performance) values of approx. 3.0 to
4.5 under standardized laboratory conditions. The actual SPF in the field remains
largely unknown due to the lack of measurement options.

In theory, air-to-air systems could operate more efficiently than air-to-water
systems, as they could operate at lower flow temperatures. The room air typically
only needs to be heated to 20-25°C. In practice, however, heat transfer with air is
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poorer than with water, which means that the heat pump has to heat the air to
similar (compared to radiators) or even higher (compared to underfloor heating)
temperatures than water-based systems. As a result, the real efficiency of air-to-air
heat pumps should be comparable to that of air-to-water heat pumps. However,
there is a lack of data to confirm these theoretical expectations.

For air-to-water heat pumps, field studies provide clear findings: seasonal
performance factor (SPF) of 2.5to 4.5, averaging 3.1to 3.4 —even in existing
buildings with radiators.

National Differences

The varying prevalence of air-to-air heat pumps can be explained less by climatic
factors than by historically developed building infrastructure and cultural heating
habits.®

Norway: No tradition of water-based heating systems. Historically, direct electric
heating has dominated, favored by cheap hydroelectric power (98% renewable).
The oil crisis of the 1970s accelerated the switch to heat pumps. Today, there are
632 heat pumps installed per 1,000 households - the highest figure worldwide®. Of
these, approximately 75% are air-to-air systems.

Japan: Room-by-room heating and cooling is the cultural norm. The traditional

4 lightweight construction of Japanese houses was never designed for central
heating. Mini-split systems are perfectly suited to this type of use. Over 90% of
households are equipped with them. Only in cold regions such as Hokkaido can
houses with water-based systems be found.

Germany: Water-based central heating systems have been the standard for
decades. The cultural expectation of uniform room temperatures throughout the
house favors systems with central heat distribution. The subsidy structure has also
historically been geared toward water-based systems.

Real-Life Aspects

Aside from the technical differences, there is a bandwidth of practical aspects that
need to be considered when it comes to deciding in favor of or against an air-to-air
heat pump. They concern both the daily operations of the heat pumps and how it
functions in the long run.

Heat Distribution inside the Building

When only individual rooms are heated, temperature differences inevitably arise
within the building. Hallways, stairwells, and adjoining rooms remain cooler than the
heated main rooms. This can not only cause discomfort, but also have
consequences for the building's structure: moisture from the warmer air in the room
can condense on cold wall surfaces and thermal bridges, which in the worst case can
lead to mold growth and structural damage.
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Airflow and Draft Sensation

A key difference to water-based systems is the type of heat transfer: air-to-air heat
pumps heat the room by moving air that flows out of the indoor unit. This air
movement can be perceived as a draft, especially when people are sitting directly in
the air stream. Although modern devices offer various airflow modes and swiveling
louvers, the noticeable air movement is still a characteristic feature of this
technology. In water-based systems with radiators or underfloor heating, on the
other hand, heat transfer occurs mainly through radiation and natural convection,
without actively moving air.

System Complexity

Supplying an entire house with air-to-air heat pumps requires several indoor units—
typically one per main room. With split systems, this also means several outdoor
units. Multi-split systems reduce the number of outdoor units, but require
refrigerant lines to be laid to each indoor unit.

Servicing

Each indoor unit has air filters that need to be cleaned regularly. Manufacturers
recommend cleaning them every two weeks if used frequently; in living
environments with less dust, a monthly interval may be sufficient”. In a house with
several indoor units, this effort is multiplied accordingly.

5 Acoustics

Modern indoor units operate at 19-30 dB(A) — quieter than a refrigerator.
Nevertheless, the operating noise is noticeable, especially in quiet environments
such as bedrooms. People react differently to continuous background noise; for
some, even a quiet but constant airflow noise can be disturbing.

Outdoor units reach 40-60 dB(A), comparable to light rain or normal conversation.
With multiple outdoor units, you have to expect multiple sound sources.

Optics

Multiple outdoor units on the facade of a building are visually conspicuous and can
detract from the appearance of a building. This is an aspect that can be accepted or
mitigated through clever placement and architectural solutions—such as cladding,
greening, or integration into less visible areas.

Usage in Multi-Family Buildings

Multi-family buildings account for a significant proportion of the urban building
stock — 48 percent of the European population lives in multi-family buildings®. Their
successful decarbonization is therefore crucial to the success of the urban heat
transition.

The dena practical guide for heat pumps in multi-family buildings presents various
system options — from centralized to decentralized solutions®. For multi-family
buildings with decentralized heat supply — especially those with gas floor heating,
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which account for around 18 percent of the stock — air-to-air heat pumps can be an
attractive option.

Practical example: LEG Immobilien. Since 2022, LEG Immobilien SE has been testing
the use of air-to-air heat pumps as areplacement for gas floor heating.

The technical implementation is carried out with multi-split devices. The costs are
between €10,000 and €12,000 per apartment, including electrical installation and
domestic hot water solution''", Installation takes one to two days per apartment.
According to the operator, the feedback so far has been positive —however, further
independent long-term experience should be awaited'?.

Summary Assessment

When choosing between air-to-air and air-to-water heat pumps, it is not a question
of which system is objectively “better” —both technologies have their merits. The
decisive factor is rather which system is best suited to the individual situation, the
building, and the needs of the users.

The following table summarizes the main advantages and limitations of air-to-air
heat pumps to provide a quick overview. It is not a substitute for individual advice,
but it can help you identify the relevant aspects for your own decision.

6 Advantages Limitations

Lower acquisition cost No Domestic Hot Water

No hydraulic changes required in the Multiple devices required for whole-

existing structure house supply

Built-in cooling function as standard Danger of uneven heat distributions

Quick installation (1-2 days) Noticable airflow / possible sensation
of draft

Ideal or buildings without water-bases More servicing effort (filter cleaning)
systems

Well-tested in cold climate zones Audible operating noise inside
(Scandinavia)

Only few field studies about real-life
efficiency available

Visual impairment caused by multiple
outdoor units

Table 2 - Advantages and disadvantages of an air-to-air heat pump
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Situations in which Air-to-Air Heat Pumps Are Suitable
This technology is particularly interesting for houses whose low heat requirements
can be easily met with individual indoor units. Buildings that were previously heated
with direct electric heating (night storage heaters, fan heaters) and do not have a
water circuit also benefit from the uncomplicated installation without hydraulic Air-to-air heat
modifications. pumps are
particularly

For supplementary heating of individual rooms—such as a retrofitted attic or a suitable for

conservatory—a split unit offers a pragmatic solution without having to expand the buildings without

existing heating system. In apartment buildings with decentralized supply, a water circuitand

especially as a replacement for gas floor heating, installation in individual for users who

apartments allows for a gradual conversion without costly building modifications. want to combine
heating and

Last but not least, the technology is attractive for users who, in addition to heating, cooling flexibly.

also have high cooling requirements in summer —the cooling function is integrated
as standard and does not incur any additional investment costs.

Situations in which Air-to-Water Heat Pumps Are Preferable

Air-to-air heat pumps are less suitable for unrenovated old buildings with high heat

requirements. In such buildings, a large number of indoor units would be required to

adequately heat all rooms — which increases both costs and complexity and negates
7 the original cost advantage.

Switching to an air-to-air system is also not usually a good idea for buildings that
already have a functioning water-based heating system with radiators or underfloor
heating. In this case, an air-to-water heat pump offers the possibility of continuing to
use the existing infrastructure while also integrating hot water production.

Households with high hot water requirements—such as families with several
children—should bear in mind that a separate hot water solution entails additional
costs and complexity. And those who value consistent room temperatures
throughout the house and are sensitive to air movement may be happier with a
water-based system and radiant heat.

Conclusion

Air-to-air heat pumps are a legitimate solution for certain applications. They offer
clear advantages in terms of investment costs, installation speed, and integrated
cooling function. At the same time, they have clear limitations: no hot water
production, potentially uneven heat distribution, noticeable air movement in the
room, and a lack of field data on real-world efficiency.

International experience—for example, from Scandinavia or Japan—shows that this
technology also works in cold climates. The differences in prevalence can be
explained less by climatic factors than by historically developed building
infrastructure and cultural heating habits.
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Before making a decision, a few key questions should be clarified: How should the
hot water be heated? Is uniform heating of the entire house without noticeable air
movement expected? And is there already a functioning water-based heating
systemin place that would make investing in a new distribution system
unnecessary?

Regardless of which solution you choose, the following applies: A heat pump
system should always be planned and installed by qualified specialists.
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