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Preface

This project was carried out within the Technology Collaboration Programme on Heat
Pumping Technologies (HPT TCP), which is a Technology Collaboration Programme within
the International Energy Agency, IEA.

The IEA

The IEA was established in 1974 within the framework of the Organization for Economic
Cooperation and Development (OECD) to implement an International Energy Programme. A
basic aim of the IEA is to foster cooperation among the IEA participating countries to increase
energy security through energy conservation, development of alternative energy sources, new
energy technology and research and development (R&D). This is achieved, in part, through a
programme of energy technology and R&D collaboration, currently within the framework of
nearly 40 Technology Collaboration Programmes.

The Technology Collaboration Programme on Heat Pumping Technologies (HPT TCP)
The Technology Collaboration Programme on Heat Pumping Technologies (HPT TCP) forms
the legal basis for the implementing agreement for a programme of research, development,
demonstration and promotion of heat pumping technologies. Signatories of the TCP are either
governments or organizations designated by their respective governments to conduct
programmes in the field of energy conservation.

Under the TCP, collaborative tasks, or “Annexes”, in the field of heat pumps are undertaken.
These tasks are conducted on a cost-sharing and/or task-sharing basis by the participating
countries. An Annex is in general coordinated by one country which acts as the Operating
Agent (manager). Annexes have specific topics and work plans and operate for a specified
period, usually several years. The objectives vary from information exchange to the
development and implementation of technology. This report presents the results of one Annex.
The Programme is governed by an Executive Committee, which monitors existing projects and
identifies new areas where collaborative effort may be beneficial.

Disclaimer

The HPT TCP is part of a network of autonomous collaborative partnerships focused on a
wide range of energy technologies known as Technology Collaboration Programmes or TCPs.
The TCPs are organised under the auspices of the International Energy Agency (IEA), but the
TCPs are functionally and legally autonomous. Views, findings and publications of the HPT
TCP do not necessarily represent the views or policies of the IEA Secretariat or its individual
member countries.

The Heat Pump Centre
A central role within the HPT TCP is played by the Heat Pump Centre (HPC).

Consistent with the overall objective of the HPT TCP, the HPC seeks to accelerate the
implementation of heat pump technologies and thereby optimise the use of energy resources
for the benefit of the environment. This is achieved by offering a worldwide information service
to support all those who can play a part in the implementation of heat pumping technology
including researchers, engineers, manufacturers, installers, equipment users, and energy
policy makers in utilities, government offices and other organisations. Activities of the HPC
include the production of a Magazine with an additional newsletter 3 times per year, the HPT
TCP webpage, the organization of workshops, an inquiry service and a promotion programme.
The HPC also publishes selected results from other Annexes, and this publication is one result
of this activity.

For further information about the Technology Collaboration Programme on Heat Pumping
Technologies (HPT TCP) and for inquiries on heat pump issues in general contact the Heat
Pump Centre at the following address:

Heat Pump Centre

c/o RISE - Research Institutes of Sweden

Box 857, SE-501 15 BORAS, Sweden

Phone: +46 10 516 53 42

Website: https://heatpumpingtechnologies.org
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Foreword

The shift towards a circular economy is influencing many sectors, including the
heat pump industry. This report, developed as part of the International Energy
Agency's Technology Collaboration Programme on Heat Pumping Technologies
(HPT), examines how circular economy principles affect domestic heat pumps.

This Task 2 Report aims to provide an overview and a common understanding
among the participants in the project and stakeholders outside the project of
various aspects related to the transition to a circular economy within the heat
pump industry. By focusing on air-to-air, air-to-water, and ground source heat
pumps, we explore ways to incorporate these principles into the lifecycle of heat
pump systems.

| would like to thank all participants and contributors for their hard work and
expertise. Your collaboration has been essential in advancing our understanding
of sustainable practices in the heat pump sector.

We hope this report will serve as a useful resource for policymakers,
manufacturers, and stakeholders interested in promoting sustainability within the
heat pump industry.

Jakob Thomsen - Project Leader of Project 65 of the IEA Technology
Collaboration Programme on Heat Pumping Technologies.



Abstract

This Task 2 Report, developed under the International Energy Agency's
Technology Collaboration Programme on Heat Pumping Technologies (HPT
TCP), builds on foundational work to investigate the state-of-the-art in the
practical application of circular economy principles within the domestic heat
pump sector. Focused on air-to-air, air-to-water, and ground source heat pumps,
the report examines real-world strategies, projects, and business models that
are currently advancing circularity. The study provides an overview of existing
take-back strategies, from comprehensive national systems to targeted,
company-led initiatives, and analyzes their effectiveness in recovering value
from end-of-life products.

Case studies and project reviews from across Europe offer practical insights into
the implementation of circularity. The report details the critical role of
digitalization, particularly through tools like the Digital Product Passport, in
achieving material transparency and enabling data-driven decisions that support
repair, refurbishment, and recycling. Furthermore, it explores emerging circular
business models, such as "Heat-as-a-Service," which shift the focus from
product ownership to lifetime value and facilitate systematic product reuse.

The findings demonstrate that the heat pump sector is actively, though
gradually, transitioning towards a circular economy. Key learnings highlight that
progress is being driven by a combination of national policies, manufacturer-led
pilots, strong value chain collaborations, and innovative business models. By
showcasing tangible solutions, this report provides a practical foundation to
guide policymakers, manufacturers, and stakeholders in accelerating the
adoption of sustainable practices in the heat pump industry.
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Executive Summary

This Task 2 Report builds upon the foundational work of the Task 1 report,
shifting the focus from theoretical frameworks to the state-of-the-art in the
practical application of circular economy principles in the domestic heat pump
sector. Developed under the International Energy Agency's Technology
Collaboration Programme on Heat Pumping Technologies (HPT TCP), this
report examines real-world strategies, projects, and business models that are
advancing circularity for air-to-air, air-to-water, and ground source heat pumps.

The report is structured around four key tasks:

e Task 2.1 - Take-back strategies for heat pumps and their parts: This
task investigates existing and emerging systems for collecting end-of-life
heat pumps and their components, analyzing models from national
initiatives to company-led pilots.

o Task 2.2 - Research projects that focus on circularity and
sustainability: An overview of current research initiatives that are
actively exploring circular design, material transparency, and sustainable
practices for the next generation of heat pumps.

e Task 2.3 - Status on circular economy transition and updates from
authorities: This section provides an update on the circular economy
transition at both the European and national levels, including the latest
regulatory developments that impact heat pump product design.

o Task 2.4 - Current business models for circular economy practices:
The analysis focuses on innovative business models, such as "Heat-as-
a-Service," that aim to decouple revenue from resource consumption
and extend the functional life of heat pumps.

Key findings from the report include:

e Avariety of take-back models are emerging, but no single approach
dominates. These range from the comprehensive, fee-based national
system in Switzerland to targeted, company-led initiatives like the
Grundfos-NIBE collaboration on remanufactured components, which
prove the technical and business viability of component reuse.

e Addressing informal or untracked waste streams is a major challenge.
The case of Erion in Italy highlights how informal scrap markets divert
valuable materials from official recycling channels, underscoring the
need for structured, incentivized collection programs like "Exceed Clima"
to engage installers and ensure proper handling.

o Digitalization is a critical enabler for circularity. The CE-RISE project,
featuring Viessmann's heat pump case study, demonstrates that Digital
Product Passports (DPPs) are essential for achieving material
transparency, tracing components, and making data-driven decisions
that support repair, refurbishment, and recycling.

e Circular business models are moving from concept to reality, with "Heat-
as-a-Service" (HaaS) being a prominent example. The model offered by
Volund Varmeteknik in Denmark shows that by retaining ownership,
companies can manage the entire product lifecycle, enabling systematic
maintenance, refurbishment, and redeployment of heat pumps.

e Cross-value chain collaboration is fundamental to the success of any
circular initiative. The success of the presented cases consistently relies
on strong partnerships between manufacturers, component suppliers,
installers, service providers, and recycling organizations.

In conclusion, this report demonstrates that the heat pump sector is actively,
though gradually, transitioning towards a circular economy. The practical
examples and case studies presented serve as a valuable foundation,
showcasing tangible solutions and providing key learnings.
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Background

Background

The report for Task 2 is part of Project 65 under the International Energy Agency's Technology
Collaboration Programme on Heat Pumping Technologies (HPT TCP). Task 2 builds upon the
findings gathered in Task 1, which provided an initial exploration of circular economy
principles in heat pump systems. Expanding on that foundation, this report dives deeper into
specific strategies, research initiatives, and business models that promote circularity in
domestic heat pumps.

The Task 2 Report is focused on defining the state-of-the-art in circular economy strategies.
Circular economy principles and strategies, which emphasize resource efficiency, waste
reduction, and the reuse and recycling of materials, are increasingly being adopted across the
globe. Understanding these strategies and their implementation is essential for advancing
sustainability.

One valuable resource for exploring circular economy strategies worldwide is the Circular
Economy Earth platform [1]. This platform provides an interactive map that shows various
circular economy initiatives and strategies implemented by different countries and regions. By
offering a global perspective, the platform enables users to explore how diverse nations
approach circular economy practices, highlighting regional trends, innovative solutions, and
policy approaches. Figure 1 is a screenshot of the global map of circular economy strategies,
which highlights the diversity and scope of circular economy initiatives around the world:
Circular economy strategies are found across the world and in both developed and developing
economies. The website also includes a database with references to the type of policy, the
policy name, the lead organization, the start and end year, and links to detailed descriptions.
The insights derived from this resource can help build an understanding of the current
landscape of circular economy practices, serving as a valuable reference for identifying
opportunities, challenges, and best practices in fostering sustainability on a global scale.
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Figure 1: Screenshot from 2025 from circulareconomy.earth [1].

While circular economy strategies are being implemented in various countries, this approach
is still relatively new for heat pump companies. In this report, we examine ongoing activities
related to the circular economy within the heat pump sector. This will be combined with some
general guidelines and theoretical frameworks to support companies that wish to explore this
topic further.
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Structure of this document

The document is structured to align with the legal text for Project 65, focusing on heat pumps
in a circular economy. It includes sections dedicated to each specific subtask described in the
legal text, providing a comprehensive overview. The subtasks are:

e Task 2.1 - National take-back strategies for heat pumps and their parts.

e Task 2.2 - Research projects that focus on circularity and sustainability in domestic
heat pumps.

e Task 2.3 - Status on circular economy transition and latest updates from authorities on
circular economy and material efficiency impacting heat pump product design.

e Task 2.4 - Current business models for circular economy practices related to heat
pumps in participating countries.

The report will include detailed findings from our research and incorporate perspectives from
industry stakeholders to reflect the different perspectives in the project group. General theory
and frameworks related to circular economy aspects have been included in the introduction
section of the tasks to provide a general introduction to the topic and frameworks for the
reader to use if similar activities are considered.
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Task 2.1 - Take-back strategies for heat pumps and their parts

Take-back systems can be a key part of a company's transition to circular economy strategies
as these systems can close the loop on the products that the company produces. These
systems can play a crucial role in reducing waste, conserving resources, and promoting the
reuse of valuable materials and components. By enabling the recovery and recirculation of
heat pump parts, take-back systems help companies move towards more sustainable
practices.

Take-back systems can be an intangible concept to grasp, but Uhrenholt et al. have provided
a definition that states: “A take-back system is as an operational set of processes including the
collection of end-of-life (EoL) products, transportation, sorting and disassembly,

requalification, and re-engagement of the recovered material, components or products in the
forward supply chain” [2].

Take-back systems are also referred to in literature as "reverse logistics". The study by Mallick
et al. serves as a comprehensive literature review, exploring what research has been
conducted in this area by systematically reviewing 116 scholarly articles published between
2011 and 2021 [3]. In their analysis, Mallick et al. identified a range of drivers for implementing
reverse logistics, as well as key performance indicators (KPIs) relevant across different
industries. They also developed a conceptual framework and tool to support companies in
designing and implementing reverse logistics systems for circular economy practices. This
framework is shown in Figure 2.
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Figure 2: Conceptual framework for take-back systems developed by Mallick et al. [4].

While the definition above provides a theoretical framework for understanding take-back
systems, practical experience shows that implementing these systems in real-world contexts
often involves additional complexities and challenges. To bridge the gap between theory and
practice, it is valuable to consider insights from practitioners who have worked directly with
developing and operating take-back strategies. Damborg and Jergensen have compiled their
learnings in a “Practitioner’s guide to take-back systems” based on lessons learned from
companies in various industries and highlights several key challenges and recommendations
that are directly relevant for the heat pump sector [5]. An extract of the learnings is described
in the following section.

14



Where do we begin?

Many companies struggle with how to take the first steps in setting up a take-back system,
and Damborg and Jgrgensen emphasize the importance of avoiding rigid assumptions
about where products end up or how they might be returned [5]. Rather than designing an
ideal system on paper, companies are encouraged to “get their hands dirty” by
experimenting with existing return flows, such as warranty claims, service returns, or
naturally occurring product recalls. By starting small and learning from actual cases,
organizations can identify unforeseen barriers and opportunities, reduce uncertainty, and
develop scalable solutions based on real experience rather than speculation.

How do we find our products?

Locating end-of-life products is often more difficult than anticipated and to support this
process, Damborg and Jgrgensen identified four typical “ecosystem archetypes”, see
Figure 3, that describe how products move through the value chain: direct sales to large
customers, products as components in larger systems, sales via distributors, and sales
through retailers [5]. Each archetype presents its own set of challenges and requires
tailored strategies and incentives to encourage returns. For instance, in direct sales, it
may be easier to negotiate take-back agreements with known customers, while in retail
scenarios, the manufacturer may have little visibility and must collaborate with shops or
service organizations to reach end-users. Damborg and Jgrgensen underscore the
importance of mapping the value chain, identifying all actors who handle the product, and
understanding their motivations for participating in a take-back system.
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Figure 3: The four take-back ecosystems archetypes [5].

What do we do with the products?

Once end-of-life products are collected, companies face the decision of what to do with
them. Damborg and Jgrgensen recommend setting a clear product recovery goal from the
outset: is the priority to reuse the product as-is, recover and reuse specific components, or
recycle the materials? Each option has different requirements for logistics, partners, and
processes. For example, direct reuse may require inspection and light refurbishment,
while component reuse involves more disassembly and testing. Material recycling often
depends on external partners with specialized capabilities. Damborg and Jgrgensen
stress that the flow of information is as important as the flow of products - data about
product type, condition, and return reason must accompany each item to maximize value
creation and support efficient decision-making. Integrating product and data flows also
strengthens reporting on environmental and resource efficiency metrics.
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4. How do we make a business case?
Developing a solid business case for a take-back system involves understanding not only
the direct financial costs and benefits, but also broader value factors. Damborg and
Jargensen explain that take-back systems can generate value by providing access to
critical raw materials, reducing supply chain risks, strengthening compliance with
environmental regulations, and differentiating a company in the market. In addition, take-
back systems can improve a company’s carbon footprint by capturing and recycling
materials, and thereby supporting sustainability goals. To build a robust business case,
the guide recommends mapping all activities involved - such as collection, transport,
sorting, and processing - and identifying cost drivers and potential sources of value for
both the manufacturer and the end-user. Collaboration with external partners can also
reveal new opportunities and help distribute costs and benefits more fairly.

The practitioner’s guide developed by Damborg and Jgrgensen makes it clear that successful
take-back systems are rarely created by following a one-size-fits-all template. Instead, they
require ongoing experimentation, strong partnerships across the value chain, and a
willingness to adapt based on experience and feedback.

Beyond the practical insights described above, take-back systems offer a range of
environmental and economic benefits for companies in the heat pump industry. By recovering
and reusing materials, companies can reduce both costs and resource consumption, while the
refurbishment and resale of components may open up new revenue streams. These practices
support overall sustainability goals and contribute to greater economic resilience. Despite
these advantages, implementing take-back systems remains challenging. Developing efficient
logistics networks for collecting and processing returned products is often complex, and
companies must also ensure compliance with evolving regulations and maintain the quality
and safety of reused components. Addressing these challenges requires careful planning,
innovation, and continuous improvement.

In addition to practitioner experience, recent research from the CIRCit project (“Closing the
Loop for a Circular Economy”) provides structured guidance on developing and evaluating
take-back systems as a foundation for circularity. According to CIRCit Workbook 5, take-back
systems are essential for “closing the loop”, enabling companies to recover products and
materials at end-of-use or end-of-life and select the most suitable recirculation strategy.

The CIRCit approach highlights that effective take-back systems should support a range of
recovery options, not just one. After collecting products, companies need to determine
whether an item is best suited for reuse, refurbishment, remanufacturing, recycling, or other
forms of value recovery. The workbook identifies nine main recirculation pathways - ranging
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4.1.

from direct reuse and repair to recycling and recovery - each with different requirements for
sorting, processing, and value retention.
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The workbook also underlines the importance of integrating product and data flows.
Information about product type, condition, and reason for return should accompany each item
to support efficient sorting and decision-making. Mapping the value chain and identifying all
actors involved in product handling are also crucial for designing practical and robust take-
back systems.

By applying these structured criteria, companies can move beyond ad-hoc recovery efforts
and develop take-back systems that maximize value, ensure compliance, and support circular
economy objectives. For detailed tools and step-by-step guidance, see CIRCit Workbook 5:
Closing the Loop for a Circular Economy.

The following subsections will delve into take-back systems for the heat pump industry
identified in HPT Project 65 and explore the opportunities they present as well as the
challenges they pose. Lastly, a section summarizes the learnings from the theory and the
practical systems described.

Swiss take-back system on product level

To increase the use of heat pumps in Switzerland, while securing an environmentally
responsible disposal, Switzerland has introduced an initiative to develop a sustainable and
cost-effective solution to minimize the environmental impact through proper disposal. Several
organizations are involved in this initiative, including SENS eRecycling, which is responsible
for recycling management, Gebaude Klima Schweiz (GKS), which is committed to building
technology, and the Swiss Heat Pump Association (FWS), which acts as a specialist
organization for heat pump technology [6].

A so-called advance or prepaid recycling fee (vorgezogener Recyclingbedarf, vRb) has been
implemented to finance the costs for the collection, transportation and recycling of heat
pumps, as well as the monitoring of recycling companies [7], [8]. This corresponds to a fixed
amount that consumers pay directly to the installer or manufacturer/importer when purchasing
heat pumps. Manufacturers and importers report their sales to SENS eRecycling at regular
intervals and pay the proceeds from the vRb into the fund provided for this purpose to the
privately organized, non-profit foundation. The fund works on a pay-as-you-go basis [6].

The manufacturers and importers who have joined the initiative currently cover a market
volume of between 70 and 80% of the Swiss market for heat pumps [6]. Many manufacturers
and importers see this new industry solution as a way of fulfilling their obligation to take back
used heat pumps in an efficient and uncomplicated manner.

The collection takes place through the collection of old heat pumps by SENS eRecycling, with
the additional option of handing them in free of charge at over 750 SENS collection points [6].
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Disposed appliances are transported efficiently to the recycling plants using a structured
logistics system to minimize emissions. The heat pumps that are disposed of via the new
industry solution vary in size. Their maximum output is 350 kW, or 20 kW in the case of water
heater heat pumps [9]. Recycling is carried out by certified companies with SENS licenses,
which ensures environmentally responsible processing and reintegration into the raw materials
cycle [6], [10].

SENS eRecycling carries out regular inspections to monitor the recycling companies and
ensure compliance with environmental and occupational health and safety standards. Only
companies with the necessary permits are allowed to process the appliances, and the quality
of the recycling processes is guaranteed through regular audits [6]. Transparent reporting is
also carried out, which includes documentation of the disposal and recycling processes for all
parties involved.

Environmental protection is ensured by properly removing environmentally harmful
refrigerants before recycling [6]. This helps to prevent the release of harmful gases into the
atmosphere. Resource extraction involves recycling valuable materials such as aluminum,
iron, copper, and plastics, which supports the promotion of a circular economy approach.
Sustainability is promoted by strengthening environmental responsibility within the industry,
while the ecological footprint is reduced through efficient disposal. Efficiency is reflected in
optimized take-back processes for manufacturers and importers as well as in the minimization
of administrative effort through a central organization. Broad support results from the voluntary
participation of manufacturers and importers, which promotes cooperation and has a positive
impact on corporate image through environmentally friendly practices.
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