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The energy system of the future will be increasingly electrified. Heat pumps are
replacing gas heating systems, electric cars are replacing combustion engines, and
photovoltaic systems on millions of roofs are turning households into small power
generators. This development is a climate policy necessity and also follows a
technical logic: electricity from renewable sources can be generated, stored, and
distributed more efficiently than fossil fuels. And because everything works with the
same energy source, new networking opportunities arise.

However, this networking also makes the system more complex. In a household with
aheat pump, PV system, battery storage, and wallbox, several generators and
consumers interact—all responding to different signals. Without intelligent
coordination, these devices work alongside each other instead of with each other.
Increasing digitalization is not only helpful here, but necessary. At the level of the
individual residential building, so-called home energy management systems—
HEMS for short—are used for this purpose.

This article explains what a HEMS is, what variants exist, and why it is becoming
increasingly relevant for households with heat pumps. The following episode 15
then shows how the heat pump interacts with PV, storage, and dynamic tariffs in
practice.
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What is a Home Energy Management System?

Essentially,a HEMS involves connecting and coordinating the various energy
sources and consumers in the household. The heat pump plays a central role here: it
is often the largest controllable electricity consumer in the home and, at the same
time, the one that can respond most flexibly to different operating modes. A
modern HEMS records in real time how much electricity is generated, consumed,
and stored, takes into account external information such as electricity prices or
weather forecasts, and makes automated decisions based on this information.™?

Itis important to note that HEMS is not a standardized product. The spectrum
ranges from simple monitoring solutions that merely visualize energy flows to highly
integrated systems that actively control heat pumps, wall boxes, and storage units
while responding to electricity exchange prices or grid signals. Anyone interested in
a HEMS should therefore carefully check which functions a particular system
actually offers.?

In the fully developed version, four functional levels can be distinguished:

15t Monitoring—the real-time recording of all energy flows.
2nd: Active control of consumers, in particular the heat pump.

39 Optimization using algorithms that take weather forecasts, electricity
prices, and usage behavior into account and

2 4t Communication with the power grid, the energy supplier, and the user.3

Distinction from Related Terms

Related terms are often confused in discussions. A smart home primarily focuses on

comfort—lighting, shutters, entertainment electronics. A HEMS can be part of a
smart home system, but focuses exclusively on energy optimization. The SG-Ready
interface, which many heat pump owners are familiar with, is not a standalone
management system, but a simple communication standard with four operating
states. A HEMS goes far beyond this by not only sending simple commands, but
also optimizing based on extensive data.

Which Variants are Available on the Market?

The market offers a diverse landscape. The HEMS sector is characterized by a

multitude of different providers and product philosophies. Energy management can

be conceived as a hardware product, a software solution, a service, or part of a
larger ecosystem. For heat pump owners, this raises the question: Which systemiis
right for their situation?

The HEMS Market Overview 2025, compiled by researchers at Ansbach University
of Applied Sciences and the Technical University of Munich, documents 43 systems
from 41 providers on the German market.* Other overviews, such as that published
by pv magazine, also confirm the wide variety of solutions available.® These differ
primarily in three dimensions: technical architecture, business model, and degree of
manufacturer independence.

HEAT
PUMPS
WATCH

A HEMS is an
intelligent control/
system that uses
electricity
consumers to
optimally
coordinate
electricity
generation,
consumption, and
prices.

heatpumpswatch.org



System Design

The technical implementation has a direct impact on how quickly a system can
respond and how independently it functions from the internet. Just under half of
the systems are standalone hardware controllers that are installed in the building
and operate as dedicated control units. These process data locally and can maintain
basic functions even in the event of an internet failure. In addition, there are systems
that are embedded in existing hardware—for example, integrated into a battery
storage unit—as well as pure cloud solutions without their own device in the
household.*

For heat pump owners, it is particularly relevant whether the HEMS is manufacturer-
specific or manufacturer-independent. The market overview paints a positive
picture: around 96 percent of the systems examined can integrate heat pumps
from different manufacturers.’ In practice, however, actual compatibility depends
on the specific heat pump and the available interface.

Communication between HEMS and Heat Pump

In order for a HEMS to control a heat pump, both devices must communicate with
each other. This sounds obvious, but in practice it is one of the biggest stumbling
blocks —because there is no uniform standard. The most common variant currently
is the SG-Ready interface, which signals four operating states via simple contacts.
However, this is not sufficient for truly intelligent control, because more
differentiated specifications — such as a specific flow temperature or gradual power
adjustment — cannot be transmitted withiit.

EEBus, a communication protocol developed specifically for interaction between
energy devices in the home, is considered to be forward-looking and is also
expected to play a central role in new legal requirements. However, the 2025
market overview shows that around a quarter of HEMS providers are only planning
to implement such integrations.* For heat pump owners, this means that before
purchasing, they should check whether their own heat pump can actually
communicate with the desired system —and to what extent.

Business Models

The vast majority of HEMS systems are not sold directly to end customers, but are
distributed through specialist companies, specialized solar installers, or energy
suppliers. Distribution through commercial partners clearly dominates.” This can be
advantageous for end customers if the local energy supplier puts together an
integrated package of electricity tariffs and energy management. However, it also
means that the choice of HEMS is often linked to the choice of installer or energy
supplier.

Inrecent years, some providers have positioned themselves as full-service
providers. Companies such as Enpal, 1IKomma5°, and Thermondo offer not only
heat pumps but also photovoltaics, storage, and an integrated energy management
system. These all-in-one solutions promise seamless integration of all components
and central control from a single source. This can be attractive for households that
are already planning a comprehensive energy-efficient renovation. However, it
remains to be seen how flexible such closed systems will be when it comes to later
expansions or the replacement of individual components.
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Why HEMS is Now Becoming More Significant

Energy management systems are not an entirely new idea—simple controls for
optimizing self-consumption have been around since the rise of photovoltaics. The
fact that HEMS is becoming a widely discussed topic right now is due to a
combination of several developments. For heat pump owners, four drivers are
particularly relevant.

New Legal Requirements

Since January 2024, Section 14a of the Energy Industry Act stipulates that
controllable consumption devices — primarily heat pumps and wall boxes — must be
integrated in a way that benefits the grid. In concrete terms, this means that the grid
operator may temporarily reduce the output of these devices in the event of
bottlenecks. In return, there are discounts on grid fees.® The technical
recommendations for implementing this grid-oriented control have been specified
by VDE FNN.” A HEMS can intelligently distribute this reduction among the various
consumers and offset it against PV generation, so that the restriction is hardly
noticeable in everyday life.

Dynamic Electricity Tariffs are Becoming Economically Viable

For along time, electricity prices for residential customers were static —regardless )
Dynamic rates

and HEMS reduce
costs through
load shifting.

of whether it was nighttime, midday, or early evening. That is currently undergoing a
fundamental change. More and more providers are introducing dynamic tariffs, with
4 prices based on the hourly rate on the electricity exchange. A recent study

estimates the average savings potential for households with intelligent load
management at around 15 percent of electricity costs.® For a household with a heat
pump and normal consumption, this can amount to several hundred euros per year.
A HEMS can automatically run the heat pump when electricity is cheap and pause it
during expensive hours —without compromising thermal comfort.

System Benefit for the Common Power Grid

While the points mentioned so far primarily concern individual households, there is
also a macroeconomic perspective. If millions of heat pumps, electric cars, and
battery storage systems can be shifted in time, this will significantly stabilize the
entire power grid. A study by Roland Berger and the New Energy Alliance estimates
the potential macroeconomic savings from decentralized flexibility at €185 to €255
billion by 2045 — primarily through savings in investments in grids and power plants.?
These savings potentials are also confirmed by international studies, which show

considerable economic benefits for the EU by 2030 through demand-side Decentral

flexibility saves
billions and

stabilizes the
be avoided through intelligent decentralized control. A comprehensive study by power grid.

flexibility.' Investments of several hundred billion euros are forecast for the
expansion of the electricity grids in Germany alone by 2045" - some of which could

Agora Energiewende on the use of household-related flexibilities shows that heat
pumps, electric cars, and battery storage play a central role in this.™ For individual
heat pump owners, this system benefit is abstract at first, but could become visible
in the future in the form of remuneration or further discounts.
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Increasing Self-Use with PV-Systems

For households with heat pumps and photovoltaic systems, self-consumptionis a
key factor. Every kilowatt hour generated in-house and consumed directly in the
home saves on expensive grid electricity and brings significantly more value than
the low feed-in tariff. The trend is clearly upward: current analyses by Fraunhofer ISE
show that self-consumption of solar power in Germany has risen sharply in recent
years.”® AHEMS can activate the heat pump specifically when the sun is shining — for
example, by proactively heating the buffer storage tank in the morning. Field
measurements by Fraunhofer ISE on an existing building with a PV battery heat
pump system showed that intelligent control both improved the efficiency of the
heat pump and significantly increased solar self-consumption.’ In its annual
electricity storage inspection, HTW Berlin also showed that the efficiency of battery
storage systems—an important component for high self-consumption—has risen
continuously in recent years.™

Where are the Limits and the Challenges?

Despite its potential, HEMS is not a sure-fire success. There are several hurdles that
currently limit its practical use.

Cost-effectiveness Depends on the Situation

There is no blanket answer to the question of whether HEMS is worthwhile for a
specific household. It depends on several factors: the size of the PV system, the

5 availability of battery storage, the type of electricity tariff, the complexity of the
Cost-

effectiveness
heavily depends

- ) ) on technology,
typically cost between 700 and 1,200 euros. According to the Consumer Advice tariff and usage.

Center, a fully integrated system incorporating a PV system, storage, heat pump,

consumers, and, last but not least, the cost of the systemitself. The investment
costs vary considerably depending on the range of functions: simple software
solutions are available from around 600 euros, while hardware-based systems

and wallbox can quickly cost over 1,000 euros.' Installation costs and ongoing fees
for cloud services may also apply.

In households that already operate a heat pump, PV system, and electric car, a
HEMS can often pay for itself within a few years—especially if a dynamic electricity
tariff is used. In simpler configurations—such as only a heat pump and a small PV
system without any other consumers—the calculation is less clear-cut. In such
cases, the payback period can be significantly longer. It is therefore crucial to make
arealistic assessment of your own initial situation.

Lack of Standardization and Compatibility

One of the biggest practical problems is the lack of interoperability. Not every
HEMS can communicate with every heat pump, not every storage unit with every
inverter, and not every wallbox with every electricity meter. Although various
initiatives are working on uniform standards, in practice the system landscape is still
highly fragmented. For installers, this often means time-consuming individual case
checks, and for homeowners, it means limited flexibility for later expansions.

Another problem s that the vast majority of HEMS systems require a smart meter.
This meter records electricity consumption at high temporal resolution, which is
what enables precise controlin the first place. However, the mandatory rollout of
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smart metering systems is progressing slowly in Germany. By the end of 2024, only
around 3.8 percent of households were equipped with a smart meter.” Without this
meter, the functionality of many HEMS systems remains significantly limited.
Consulting and Installation
One aspect that is often underestimated is the quality of consulting. Determining
which HEMS is suitable for which household requires experience and an overview of
different systems. However, many installers specialize in one or two systems and
are unable to offer impartial advice. A survey of installers also shows that many
specialist companies are still uncertain about how to deal with HEMS and dynamic
tariffs.[22] In addition, there is often a lack of skilled workers who are proficientin
heating technology as well as electrical engineering and network technology. Since
March 2024, there has been a corresponding qualification in the form of the newly
structured master electrician with a focus on building system integration, but the
number of trained specialists is still low.'®
How will the Market Develop?
The coming years will show whether HEMS becomes a default component in
households with heat pumps or whether it remains — for now - a solution for
especially interested building owners.
Regulatory Changes
6 A key milestone is what is known as energy sharing, which has been enshrined in law
since December 2025. This allows homeowners to sell surplus solar power directly
to their neighbors for the first time —a fundamental extension of the previous logic,
whereby electricity could only be fed into the public grid.” This new option makes
HEMS more interesting for single-family homes in neighborhood associations as
well as for multi-family homes and neighborhood concepts, as coordination
between several households opens up new optimization potential. New regulations
increase HEMS
Standardization and Interoperability potential, but lack
of standards
The biggest technical challenge remains the lack of standardization. Various slows
initiatives are working to ensure that devices from different manufacturers can work implementation.

together smoothly in the future. Animportant step in this direction was the
adoption of specifications for HEMS by the Working Group for Economical Energy
and Water Use, which provides municipal utilities with guidance for tendering
systems.?? Standards are also being promoted at the European level.?' A concrete
example is the Code of Conduct for Energy Smart Appliances, developed by the
European Commission together with manufacturers —including heat pump
manufacturers —and officially launched in April 2024. The initiative aims to promote
cross-brand interoperability of smart devices on a voluntary basis, by defining
common communication standards for demand flexibility services. From March
2026, compliant products will be searchable in the European EPREL database.
However, it will still take time before these initiatives take full effect across the
market.??
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Market Availability and Distribution

With over 40 systems available in Germany alone, the selection is already
considerable. However, market penetration remains low: a survey of 300 end users
in Germany, the UK, and the Netherlands revealed that although half of those
surveyed would be interested in flexibility programs, only ten percent currently
participate in them.? The gap between interest and actual adoption is therefore
considerable. The decisive factor will be whether HEMS systems can be designed in
such a way that they can be used without extensive technical knowledge—and
whether the economic incentives will be strong enough.

Summary

Heat pumps are evolving from simple heating devices to active components of the
energy system. Anincreasingly electrified and networked energy system requires
intelligent control—and heat pumps are a key component in this. They are the
largest controllable power consumers in many households and, at the same time,

the ones that can respond most flexibly to different operating modes. New regulations
increase HEMS

potential, but lack
enable the heat pump to work not in isolation, but in conjunction with PV systems, of standards

Home energy management systems are the answer to this changing role. They

battery storage, electric cars, and the power grid. The regulatory framework—from slows
new legal requirements to dynamic tariffs and community power trading—is implementation.
creating the conditions for measurable economic benefits for the first time.

7 The biggest hurdles no longer lie in the technology itself, but in standardization, the
availability of smart meters, and the quality of advice. Anyone who already operates
a heat pump and has a PV system - or is planning both — should take a closer look at
HEMS. The technology is available, the savings potential has been documented, and
integration into the larger energy system has only just begun.
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