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Criterion » | Additional Operating Coverage of Grid System
Combination L | Investment Savings HP Demand Services Complexity
HP + PV 8-12T€ 900-1.200€ 15-20% Medium Medium
HP + PV + .
HP + PV(LE\S 2-5TEx - 25-45% - Elevated
HP + Solar
HP + Hybrid :
(Foss“) ---- esm
7-Only storage costs — PV alreadly existing. ** Only bidi-wall boxes — PV and vehicle already
existing., Reference: SFH 140m? medium renovation status, costs before subsidies. Savings:
only operating costs, not total costs. Further explanation at the end of the article.
Those who install a heat pump have already made the pivotal decision. It utilizes
ambient heat, operates efficiently, and significantly reduces CO, emissions
compared to fossil fuel heating systems — while simultaneously providing protection
against rising energy and CO; costs, which are expected to increase further.
Photovoltaic systems, solar thermal energy, or an electric vehicle can serve as
meaningful complements to this system. The advantages
of combining
Combining these technologies creates advantages that go beyond the mere sum several auxiliary
of their individual contributions — albeit to varying degrees. Even without intelligent technologies are
control, each component has its own benefits: the heat pump uses solar power from greater than the
its own roof, a battery storage system extends this window of use, and the electric sum of their parts

car prefers to charge when prices are low. One plus one equals two.

Only through active coordination — for example, via a home energy management
system (HEMS), dynamic electricity tariffs, or discounted grid fees in accordance
with Section 14a of the German Energy Industry Act (EnWG) — can these
interactions be exploited in a targeted manner. The heat pump then runs more
intensively when electricity generation is high or prices are low, the storage unit
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keeps capacity free, and the electric car becomes a mobile buffer. The result
exceeds the mere sum of the individual contributions.

The HEMS, which was explained in episode 14 of this series, is the central tool for
this. However, it is not a prerequisite for the combinations described to pay off —
they also work without intelligent coordination. With it, they unfold additional
systemic added value.

Heat Pumps and Photovoltaics

The combination of a heat pump and a photovoltaic system is the most obvious and
also the most widespread pairing in the field of building energy technology. The
basicideais simple: the PV system generates electricity on your own roof, and the
heat pump uses it to provide heating and hot water. Instead of feeding surplus
electricity into the grid at a feed-in tariff of currently around 8 cents per kilowatt
hour, itis used in your own system —replacing grid electricity, which costs between
25 and 35 cents per kilowatt hour, depending on the tariff. The economic leverage
liesin this difference.

How much PV electricity can the heat pump actually use?

The decisive limitation of this combination is the seasonal discrepancy: most solar
radiation occurs in summer, but the highest heating demand is in winter. A heat

2 pump that runs for many hours on cold days in January can only benefit to a limited
extent from a PV system that generates little electricity on short, cloudy winter

days. In summer, the picture is reversed: PV produces plenty of electricity, but the Itis relevant for

o . S the combination
application that is gaining in importance—then absorb part of the surplus. of HP and PV how

heat pump hardly heats at all. Hot water production and active building cooling—an

. . . . hofth
For context: Two key figures describe the success of this combination. Self- fmdchorthe

.. - , .. . required power
sufficiency indicates how much of the household's electricity requirements are

) ) ) ) can even be
covered by its own generation; conversely, the self-consumption rate describes

delivered and how
how much of the self-generated solar power is used in the home instead of flowing large the seasonal
into the grid. Measurements show significant differences for both key figures differences are.

depending on building efficiency, storage size, and usage behavior—with battery
storage, both values increase significantly. '

A more specific key figure is decisive for the heat pump: the solar coverage ratio of
the heat pump's electricity demand — what percentage of the annual heat pump
electricity comes from the building's own PV production. This value is structurally
significantly lower than the building-wide self-sufficiency and self-consumption
values because the heat pump mainly needs its electricity in winter. In a typical
existing building without battery storage, 15 to 20 percent s realistic. EUPD
Research shows that building efficiency is the decisive lever here: the less the heat
pump consumes annually, the higher the proportion that can be covered by solar
energy. 3
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Dimensioning and Economic Viability

The PV system, heat pump, and storage unit should be dimensioned to work
together.* The dimensions should be based on the household's total electricity
consumption—including the heat pump, household electricity, and any electric cars.
Oversizing does not result in proportional additional savings: surplus electricity
flows into the grid and is remunerated at the current low feed-in tariff. A study by
RWTH Aachen University and E.ON shows that the combination pays for itself in a
typical existing building compared to fossil fuel heating — the exact time frame
depends on building efficiency and the proportion of own consumption.®

Heat Pumps and Battery Storage

A battery storage system enables the decoupling of electricity generation and
consumption over time: it charges during the day when the PV system is producing
energy and releases the energy in the evening or at night — precisely when the heat
pump is heating. According to BSW-Solar, eight out of ten newly installed PV roof
systems in the residential segment are already being installed together with a
battery storage system — the combination has long since become standard.®

In order for a battery storage system to deliver its full benefits, it needs predictive
charge control.” Without this control, a simply configured storage unit charges in
3 the morning, is full to the brim at noon —and additional solar power flows into the A battery storage

grid instead of being used. A forecast-based control system takes weather makes proper
sense only when

its charging is
controlled
farsightedly.

forecasts into account and distributes the charging process throughout the day in
such a way that capacity is kept free in a targeted manner. Design also plays a role:
an oversized battery does not bring proportional additional savings. A storage
capacity of about 1to 1.5 kWh per kilowatt of PV power is a good guideline — more
than that rarely pays for itself. The 2025 electricity storage inspection by HTW
Berlin and KIT systematically investigated and documented this relationship.®

Battery storage systems also smooth out PV generation peaks and heat pump load
peaks - providing measurable relief for the local power grid. A short study by HTW
Berlin and BSW-Solar shows that intelligently combined systems consisting of PV,
storage, and heat pumps can significantly reduce the need for grid expansion at the
local level.? Storage becomes particularly economical when a heat pump and an
electric car are operated simultaneously in the household - this increases self-
consumption and thus the benefits noticeably.™

Heat Pumps and Solar Thermal Systems

Solar thermal energy is a mature technology: collectors on the roof convert solar
radiation directly into usable heat with high efficiency and without the need for
electricity. In combination with a heat pump, this creates a shared hydraulic
installation in which both sources supply heat to the same heating system.

In practice, hot water production is the most common application. In summer, when
solar thermal energy is most productive, the heat pump works efficiently for hot
water production anyway — the heat source (outside air) is warm and the electricity
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requirement is low. Solar thermal energy therefore provides relief where it is least

needed and is hardly available in winter, when demand is greatest. This seasonal
In combination

shift is the key reason why the interaction of both technologies must be carefully )
with WPs, solar

planned. thermal energy is
Anyone who already has a solar thermal system should check whether it can be Sf’b/'?'d .
sensibly integrated into the new heat pump system. In many cases, this is significant
. . . . . seasonal
technically possible and economically viable. When planning a new system, . .
. s ) . discrepancies, but
however, the decision is often made in favor of a photovoltaic system, as it is more . .
it has particular
flexible and, in combination with the heat pump, usually achieves a higher overall advantages in
energy benefit. existing buildings.

Solar thermal energy thus remains a sensible solution for existing buildings, but is
playing an increasingly subordinate role in new heat pump installations.

Heat Pumps and Electric Cars

Heat pumps and electric cars have one key thing in commmon: both are large,
controllable electrical consumers. A heat pump in a single-family home typically
requires 3,000 to 5,000 kWh of electricity per year, while an electric car requires an
additional 2,000 to 3,000 kWh. A PV system with 8 to 10 kWp generates around
7,000 to 9,000 kWh year — enough for both consumers on an annual average. The
4 decisive factor is not the annual balance, but the timing of generation and demand.

This potential can be tapped via charge control: when the car chargesiis largely
flexible. Analyses of the savings potential show that the combination of intelligent
charging management, dynamic electricity prices, and the reduced grid fees under
Section 14a of the German Energy Industry Act (EnWG@G) can significantly reduce
charging costs compared to uncontrolled charging — by 50 to over 80 percent in
favorable constellations.™

Bidirectional Charging: The Electric Car as a Domestic Battery Storage

The forward-looking dimension lies in bidirectional charging — Vehicle-to-Home
(V2H) and Vehicle-to-Grid (V2G). Modern electric cars have a battery capacity of 40
to 100 kWh — many times that of a home storage unit. A car charged by solar power
during the day could supply the household, including the heat pump, in the evening.
However, according to the German government, there is still a lack of cross-

manufacturer standards for the interaction of bidirectional wall boxes, PV systems,
You don 't always

storage units, heat pumps, and energy management.' Standardized solutions are
have to charge

not expected until 2027/2028."

your car from
Nevertheless, the market is starting to move. At the end of 2025, the German home. When
Bundestag eliminated the double burden of grid fees for temporary storage.™ In e/edr’c’tz/s hard
to come by

February 2026, BMW and E.ON launched the first commercial V2G offering for
private customers.”™ According to the German government, there are no known
regulatory hurdles for V2H — the decisive factor is the availability of certified DC wall

elsewhere, you
can do it the other

way around.
boxes from spring 2026.

In a two-year practical test conducted by Hager Group, Audi,and E3/DC,
households with PV and stationary battery storage achieved over 50 percent self-
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sufficiency. When the vehicle battery of a compatible electric vehicle was also
integrated, this figure rose by up to nine percentage points. For the heat pump as a
specific consumer, the solar coverage ratio of the heat pump's electricity demand in
V2H operationis arealistic 25 to 45 percent in a typical single-family home —and
thus lower than that of a stationary battery storage system of the same capacity.
During the day — precisely when the PV system produces the most — the electric car
is often not at home. However, those who work fromm home or operate a second
vehicle and regularly connect their car can increase this figure to 40 to 55 percent.
The availability profile of the vehicle is therefore the most important single factor for
the practical benefits of V2H in combination with a heat pump.”’

The vehicle battery with 40 to 100 kWh is already available —there is no need for a
separate investment in a large stationary storage unit. The relevant investment is
the bidirectional wall box: a standard wall box costs between $500 and $1,500;
bidirectional models currently start at $3,000 and up. The vehicle must be
connected to be effective —those who use it during the day cannot use it as home
storage at the same time. In addition, long-term data on battery aging due to
increased discharging is still imited.

Heat Pumps and Fossil or Biogenic Heat Generators

For the sake of completeness, we should also mention the combination with a fossil
5 fuel or biogenic heat generator—i.e., hybrid systems in which a gas boiler or pellet
boiler supports the heat pump on particularly cold days. This topic was covered in
detail in episode 7 of this series. Unlike PV, battery storage, and electric cars, which
increase the proportion of self-generated electricity or create flexibility, the fossil
fuel boiler serves as a backup for very cold days — precisely when the heat pump's A hybrid solution
output drops and the demand for heating is at its highest. Every hour of operation of of HPs and fossil

the fossil fuel boiler increases CO, emissions, ties up fuel costs, and prolongs or biogenic heat
generators should
represent a short-
term interim
solution, nothing

dependence on energy sources whose price development is difficult to predict.
Anyone starting with a hybrid system should shift the bivalence point—the outside
temperature at which the boiler switches on—as far as possible toward lower
temperatures and replace the boiler in the medium term. As a permanent concept,

more.
the hybrid system does not have a convincing future perspective.

Heat Pumps and Thermal Storages

Thermal storage is not an addition to the heat pump—it is already present in most
installations. A buffer tank for heating water, a hot water tank, or underfloor heating
with its solid screed layer: these are all forms of thermal energy storage that can be
used in a targeted manner. A standard buffer tank can hold several kilowatt hours of
thermal energy —enough for several hours of heating in a well-insulated building.
However, anyone who wants to store significant amounts of heat over several days
will quickly reach their limits: this would require storage tanks of several cubic
meters —which would be structurally complex and impractical for most existing
buildings. Thermal storage is therefore well suited for short-term load shifting of a
few hours, but not for seasonal storage.
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This type of storage is most useful in combination with a PV system or a dynamic
electricity tariff: when the PV system produces more than the household is currently
consuming, or when electricity prices are particularly low, the heat pump is activated Therma/storag?
systems can shift

and the buffer storage tank or underfloor heating is set to a higher temperature
setpoint. The heat stored in this way is available in the following hours without the

load’s in the short
term, for example

heat pump requiring any further electricity. This principle of load shifting is at the over a few hours.
heart of the SG-Ready interface, which was described in Episode 14 of this series. However, they are
not a solution for

A buffer tank is already part of the hydraulics in many heat pump systems, and the seasonal
screed compound does not cost anything extra. Thermal load shifting is therefore discrepancies.
the most cost-effective way to increase flexibility that a heat pump installation can

offer. Please note: Raising the flow temperature too much increases the

temperature rise of the heat pump and reduces its coefficient of performance - the

benefits of load shifting must not outweigh the efficiency of ongoing operation.

The Complete System: When Several Components Operate Together

In practice, these combinations are increasingly being planned together. A
household that decides to install a heat pump in 2026 will in many cases combine it
with a PV system, battery storage, and an electric car from the outset.

According to a study by HTW Berlin, fully electrified households—heat pump, PV

6 system, home storage, and electric car—achieve annual savings of up to €2,500."®
This figure exceeds the sum of the individual savings because the components These
reinforce each other: The storage system extends PV use into the night, the heat technologies are
pump increases self-consumption, the electric car adds controllable load, dynamic particularly
tariffs reward flexibility —and HEMS coordinates the interaction. The same study effective when
shows that such combined systems can measurably reduce the need for local grid they are
expansion. consciously
combined with
For a single-family home with a heat pump, PV with battery storage is the most one another.

obvious first step in expansion. Those who also drive an electric car benefit
disproportionately from dynamic tariffs —and, in the future, from bidirectional
charging.

Explanations of the Comparison Infographic

The graphic compares five combinations in five dimensions. “Solar self-sufficiency”
shows the solar coverage ratio of the heat pump's electricity requirements — not the
household's self-sufficiency. Reference: 140 m? single-family home, typical stock,
heat pump electricity requirements approx. 5,000-6,000 kWh/year. Costs before
subsidies.

HP +PV:

¢ Investment:€8,000-12,000 (PV share); Savings: €900 - 1,200 per
year (RWTH Aachen University/E.ON, 2024); Heat pump coverage: 15
—20% (seasonal discrepancy between HP demand and PV vyield); Grid:
medium (SG-Ready); Complexity: medium.
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HP + PV + battery storage

e Investment: €6,000-10,000 (storage share, PV available); Savings:
€1,000-1,600 per year (HTW Berlin, 2025); Heat pump coverage: 35
—55% (depending on building; upper range with forecast-based
HEMS); Grid: high; Complexity: increased (HEMS required).

Heat pump + solar thermal energy

¢ Investment: ~€0 (existing) / €5,000 - 8,000 (new installation);
Savings: €200 -500 per year; Heat pump coverage: n/a(no PV;
indirectly reduces thermal heat pump demand); Grid: none;
Complexity: low (hydraulic only).

WP + PV + electric car (bidirectional)

¢ Investment: €2,000-5,000 (bidirectional wallbox; PV and vehicle
already available); Savings: >€1,000/year (Neon study, 2025); Heat
pump coverage: 25 - 45 % (up to 55% with high vehicle availability);
Grid: very high (V2G in the future); Complexity: increased (HEMS +
bidirectional wallbox + ISO 15118; market launch in 2025/26).

WP + hybrid (fossil fuel)

¢ Investment: € 1,000 - 3,000; Additional costs possible; Heat pump
7 coverage: n/a; Grid: None; Complexity: Medium

Summary

As episode 12 of this series showed, the heat pump is the most efficient heating
technology on the market in its own right —regardless of whether other
components are added. Each of the additions described here contributes
independently to economic efficiency and can be evaluated independently of the
others.” Photovoltaics provide inexpensive electricity for your own use. Battery
storage extends the PV utilization window. Solar thermal energy relieves the heat
pump when it comes to hot water production. Electric cars add controllable
flexibility and, in the future, bidirectional storage potential. Dynamic tariffs and §14a
grid fee discounts act as a financial amplifier for all combinations.

A home energy management system (HEMS) enhances all these combinations and
unlocks synergies that would not arise without active coordination (see episode 14).
However, it is not a requirement — all the combinations described here work and pay
off even without HEMS.

Those who consider multiple components from the outset can take advantage of
synergies in planning, installation, and subsidies. Available subsidies—BEG for heat
pumps, zero tax rate for PV and storage—significantly reduce investment costs.
The heat pump is the core: what else is added depends on the building, budget, and
living circumstances—»but almost every addition pays off.
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