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Figure 1- Evaluation Matrix (see p2 "The Evaluation Matrix"

Never has the right path for replacing your heating system been so clear. It takes no
heroic measures to act well for both climate and your own economy — choosing
pragmatically is enough.

Choosing a heating system is one of the most consequential decisions a household
can make. A new heating system typically lasts 15 to 20 years. During this time,
energy costs add up to between €30,000 and €60,000, and cumulative CO,
emissions can range from 30 to 80 tons per household, depending on the
technology used - that's equivalent to around 1,500 to 4,000 trees that would need
to be planted and grow for 20 years to offset this amount. The decision made today
will therefore have an impact until around 2045 - the year in which Germany is
supposed to be climate neutral.

The German heating market is undergoing radical change. The latest figures from
the German Heating Industry Association (BDH) show a significant shift:in 2025,
more heat pumps (299,000 units, +55%) were sold than gas boilers (229,000 units,
-36%) for the first time. Sales of oil boilers fell by 74% to just 22,500 units. A total of
627,000 heat generators were sold - the lowest level in 15 years.”
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There are many reasons for this development—political conditions, subsidy
programs, rising CO; prices. But perhaps it simply reflects something fundamental:
when people are faced with animportant decision and take a close look at the
options, they often choose the most pragmatic solution. A solution that makes
economic sense, offers security for the future, and is good for the climate at the
same time.

The Evaluation Matrix

The matrix presented evaluates seven heating technologies based on eight criteria.
The color scale ranges from green to yellow to red.

very good / unproblematic problematic / not recommended
acceptable / with restrictions ifferentiation

Explanation of the Evaluation Criteria
Efficiency

The criterion of efficiency describes how much usable heat is obtained from a unit
of energy used.

2 Heat pumps use ambient heat and typically generate 3 to 5 kWh of heat from 1kWh
of electricity. The actual efficiencies in everyday use were described in detail in part
2 of this series.?

Efficiency: How
much heat is
gained out of one

Condensing boilers for gas and oil achieve efficiencies of 90 to 98% based on the unitof energy?

calorific value. Pellet boilers achieve 85 to 95%. Direct electric heaters have an
efficiency of 100% by definition (COP = 1), which makes them the most inefficient
use of electricity for heating purposes.

Hydrogen as an energy source for heating purposes is particularly inefficient: first,
green hydrogen must be produced by electrolysis (efficiency ~70%), then
transported and stored (further losses), and finally burned in the boiler (efficiency
~90%). This means that 5-8 times more renewable energy is required in the overall
chain than when used directly in a heat pump.3 This physical reality makes hydrogen
systemically unsuitable for residential buildings.

Investment Costs
The investment costs include purchase, installation, and necessary peripherals.

An air-to-water heat pump typically costs €25,000 to €35,000 including installation, Investment costs:
while a brine heat pump with geothermal drilling costs €35,000 to €45,000. Gas What are the
initial, one-time
costs?

condensing boilers cost between €8,000 and €15,000, pellet boilers between
€18,000 and €30,000, including storage space. Direct electric systems are the
cheapest to purchase, costing between €3,000 and €8,000.

These price ranges are for guidance only. The actual costs may also fall outside
these ranges, depending on the individual situation. The prices quoted refer to the
German market —in other countries, the costs for heat pumps are usually lower.
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Government subsidies (BEG) reduce the investment costs for heat pumps and
biomass heating systems by 30 to 70%, depending on income and additional
criteria. There are no longer any subsidies for fossil fuel systems.

Operating Costs

Operating costs include energy, maintenance, and foreseeable developments such
as CO, pricing.

Operating costs vary considerably between technologies. According to the 2025
heating index for Germany, the average annual heating costs for a 70 m? apartment
in the 2024 billing year were around €1,030 for natural gas, €1,030 for heating oil,
€1,225 for district heating, €680 for heat pumps, and €615 for wood pellets. For a
typical single-family home with a heat requirement of 20,000 kWh (corresponding
to approximately 140 m?), the costs are proportionally higher: A heat pump (SPF 3.5,
heat pump tariff 25 ct/kWh) costs around €1,400 per year, a gas boiler (12 ct/kWh
incl. CO, price) around €2,600, and an oil boiler around €3,000. CO, costs will

continue to rise until the introduction of the EU Emissions Trading System Il (ETS
11).4567

Homeowners can use the free operating cost calculator at heatpumpswatch.org to
get anindividual calculation based on their own data.

Maintenance costs also vary: heat pumps require little maintenance (€50-150/year),
gas boilers require annual maintenance and chimney sweep fees (€200-350/year),
3 and pellet boilers have the highest maintenance costs (€300-500/year).

The operating costs for hydrogen are currently not foreseeable, but are likely to be
significantly higher than those for natural gas.

Climate Impact Today

Actual greenhouse gas emissions with today's electricity mix (Germany 2024:
approx. 55% renewable).

Pellet heating systems are often considered climate-neutral in terms of their carbon
footprint, but they emit around 20-80 g CO,/kWh?& through combustion, transport,
and processing. More importantly, biomass is only climate-neutral in the long term—
the CO; released during combustion enters the atmosphere immediately, while it
takes 20-80 years for it to be recaptured by renewable trees. In the critical period
between now and 2030 and 2040, biomass combustion is therefore not climate-
neutral.’

The CO, intensity of electricity varies considerably over the course of a day and a
year. With a high feed-in of renewable energies, the operation of a heat pump can
be virtually emission-free.

Climate Impact 2040

Compatibility with the 2040 energy system (80-90% renewable electricity
generation according to German climate targets).

With an 80% share of renewables in the electricity mix, the CO, intensity of a heat
pump falls to below 30 g CO,/kWh—a level that is compatible with climate
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Operating costs:
What are the
running costs?

Climate impact:
How is the climate
being influenced,
both today and in
the mid-term
future?
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neutrality.’® Fossil fuels, on the other hand, have constant emission factors that
cannot be reduced by system changes.

District heating can also achieve very low emissions with consistent decarbonization
(large heat pumps, waste heat, solar thermal energy). The assessment depends
heavily on the local generation structure.

Future-Proofing

Will the investment still make regulatory, economic, and systemic sense in 15-25
years?

The Building Energy Act (GEG) stipulates that 65% of energy used in new buildings
in new development areas must come from renewable sources from 2024
onwards." Existing fossil fuel heating systems may continue to be operated until
2044 at the latest. New oil heating systems are effectively banned, and new gas
heating systems can only be installed under certain conditions.

H,-ready boilers promise a later conversion to hydrogen. However, a meta-analysis
of 54 independent studies concludes that hydrogen is neither cost-efficient nor
climate-friendly for residential buildings.?

An often-underestimated aspect of future security is independence from fossil
fuels. While oil and gas have to be imported from politically unstable regions, the
electricity for heat pumps canincreasingly be generated locally from wind and solar

4 power. Geopolitical conflicts over fossil fuels are likely to intensify in the coming
decades - the energy transition is making Europe more independent.

Everyday-Use Suitability
Reliability, convenience, and maintenance requirements in everyday operation.

Gas boilers and district heating offer the highest level of convenience: low space
requirements, no manual fuel feeding, low noise levels. Heat pumps are similarly
convenient, but require an outdoor unit (note sound insulation). Pellet heating
systems require storage space and regular ash removal.

Modern heat pumps operate at 35-55 dB(A) on the outdoor unit — comparable to a
refrigerator or quiet conversation. If installed correctly and the distance rules are
observed, this is usually not a problem.

System & Grid

Integration into the overall system of electricity, heating, and gas networks with
millions of applications.

Heat pumps increase electricity demand, but can contribute to grid stabilization
through intelligent control. The electricity grid is designed for further expansion.
Gas networks, on the other hand, are expected to shrink, leading to rising network
fees for remaining users. Green hydrogen in the building sector would require five to
eight times more renewable electricity generation than direct electrification with
heat pumps —an option that is hardly viable from a systemic perspective.’® The
planned expansion of the hydrogen infrastructure focuses on industrial applications
—residential areas are not included in hydrogen network planning.
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Future-proofing:
Wil the
investment
remain a good
idea?

Everyday-Use
suitability: How
much effortis to
be putin, how
prone to
problems is the
technology?

System & grid:
How is the
technology
embedded in the
gas-, heating, and
/ or power grid?
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Overview of the Technologies
Heat Pump

The heat pump scores green in 7 out of 8 criteria in the evaluation matrix, making it
the most pragmatic and advantageous solution for most households.

Itis by far the most efficient option. Although the investment costs are higher than
for fossil fuel systems, this is offset by lower operating costs and subsidies. The
heat pump already impresses in terms of operating costs, and the advantage
continues to grow as CO,, pricesrise.

The climate impact is outstanding both today and in 2040 — with the increasing
share of renewable energies, emissions will continue to fall. Future-proofing is
maximized: no regulatory risks, no dependence on fossil fuel imports, fully
compatible with the future energy system.

In terms of suitability for everyday use, heat pumps are hardly inferior to gas and
district heating — modern comfort without manual intervention. In terms of system
impact, they contribute to grid stabilization instead of burdening shrinking gas grids.

This assessment applies to all electric heating systems: the greener the electricity
mix becomes, the better their climate balance — while fossil fuel systems always
cause the same direct emissions.

5 Gas Boiler
Gas condensing boilers achieve efficiencies of 90-98% and are mature and convenient.

The assessment reveals a mixed picture: gas performs well in terms of investment costs
and suitability for everyday use. However, it receives a negative rating in the future criteria
(climate impact in 2040, future security, system & networks).

The reasons lie in the system logic: natural gas emits around 200 g CO,/kWh when burned
—avalue that cannot be reduced through technical improvements. Rising CO,, prices are
continuously increasing operating costs. With the regulatory-enforced shrinkage of gas
networks, network fees for remaining users are rising.

Oil Boiler

Oil condensing boilers function similarly to gas boilers, but emit even more CO, at
260-320 g/kWh.

In the assessment, oil heating receives a red rating in four out of eight criteria. The
low investment costs are offset by high operating costs and low future security.

The massive decline in sales (-74% in 2025) reflects this assessment. New
installations of oil heating systems have effectively beenimpossible since 2024;
existing systems may continue to be operated until 2044 at the latest. For buildings
that currently still use oil for heating, the question arises as to the optimal time to
switch.
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Biomass (Pellets)

Pellet heating systems burn compressed wood chips and are considered climate-
neutral in terms of carbon footprint, as the wood burned has bound CO, during its
growth. The reality is more nuanced.

This is problematic for short-term climate goals. Added to this are emissions from
harvesting and transport. Biomass is not a widely scalable solution due to limited
resources.

The assessment is therefore mixed. Biomass is particularly suitable for applications
where local residues (sawmill waste, forest residues) are available and there is no
competition for land. Due to limited resources, it is not a widely scalable solution for
the entire building stock.

Practical aspects: Pellet boilers require storage space (approx. 6-8 m? for a year's
supply) and regular maintenance, including ash removal. They are less convenient
than gas or heat pumps.

District Heating

District heating is not directly comparable — the external heat generator is decisive,
not the device in the house. The house transfer station is compact and low-
maintenance — the complexity lies in the network.

The climate assessment of district heating depends heavily on the generation

6 structure. Traditional networks often use combined heat and power with gas or coal.
Modern networks increasingly rely on large heat pumps, waste heat from industry
and data centers, and solar thermal energy. With consistent decarbonization,
emission reductions of 64-70% can be achieved compared to fossil fuel networks.™

District heating offers systemic advantages: large heat pumps can supply many
houses at once thanks to their capacity, central storage facilities can cushion peak
loads, and the integration of different heat sources (waste heat, geothermal
energy) is easier.

The limitation: district heating requires a network — either an existing one or the
construction of new infrastructure. However, this network expansion is necessary
and sensible for the heat transition in densely built-up areas. In densely built-up
neighborhoods, district heating may even be the better option compared to
decentralized heat pumps, as it is more efficient to develop and can use central
large heat pumps or other heat sources. The investment decision lies with the
municipality or the network operator, not with the individual homeowner.

Ha-ready Heating

H,-ready gas boilers can be converted to hydrogen after technical adjustments
(hardware and software). They currently run on fossil gas.

The scientific evidence is clear: hydrogen for residential buildings is neither efficient
nor economical. The electricity requirement is 5-8 times higher than for heat
pumps.’®
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The availability of green hydrogen in the building sector is also highly uncertain. The
limited amount is expected to be used in industry, aviation, and shipping, where no
electrification alternatives exist.

H,-ready boilers can be seen as a kind of sedative: they allow the installation of a
fossil fuel system with the promise of a later conversion. However, based on current
knowledge, this promise cannot be kept. The assessment is therefore critical.

Direct-Electrical Heating

Direct electric heaters convert electricity directly into heat (COP = 1). Compared to
heat pumps (COP 3-4), this means 3-4 times higher electricity consumption and
correspondingly high operating costs.

However, compared to a heat pump with a COP of 3-4, this means 3-4 times higher
electricity consumption for the same amount of heat. This leads to high operating
costs and significant peak loads in the power grid. However, direct electric systems
are justified for hot water production in certain applications—for example, as
instantaneous water heaters in rarely used rooms or as a decentralized supplement.

Useful in niche areas: passive houses, rarely used rooms, hot water production in
decentralized applications. Unsuitable as a primary heating system.

Supplementary Technologies

This comparison focuses on the main heating systems. Supplementary

7 technologies such as solar thermal or photovoltaics were not evaluated individually,
as they cannot cover the entire heating demand on their own. However, they are
useful additions to several of the systems described and can significantly improve
efficiency and cost-effectiveness. Hybrid systems that combine different
technologies were described in detail in an earlier article in this series.

Conclusion

The systematic evaluation paints a clear picture: heat pumps and—where
Heat pumps and

decarbonized
district heating
are the most
climate-friendly,
future-proof, and
at the same time
most pragmatic
heating solutions
for households.

available—decarbonized district heating perform best in the overall assessment.
Fossil fuel systems lose out significantly in terms of future criteria, even though they
stillhave advantages in terms of investment costs and suitability for everyday use.

This resultis in line with the scientific consensus. The studies analyzed by national
and international research institutes, universities, and energy agencies all come to
the same conclusion: heat pumps and decarbonized district heating are the main
solutions for decarbonizing the building sector.

The analysis shows that the best solution for the climate, for independence from
fossil fuel imports, and for the energy system of the future is also the most
pragmatic for end users. This makes the transition easier.

Every household can make its own decision for its own reasons—but it is
encouraging to see that the most sensible choice for the individual situation is so
often also the best for the common good.
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What the Evaluation Cannot Do

This analysis provides systematic guidance based on scientific evidence. For the
vast majority of households, it leads to a clear recommendation: heat pump or,
where available, decarbonized district heating.

Of course, concrete implementation requires on-site consultation. Factors such as
the exact condition of the building, the existing heating system, structural
conditions, and personal priorities all play a role. But the basic directionis clear.
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