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Introduction: In Switzerland, heating accounts for 70% of a building’s energy
consumption, mostly fueled by fossil sources. Recently, cantonal regulations
have mandated the use of renewable energy in heating, making heat pumps
more significant. This study examines how public and private actors can create
or transform a business ecosystem to facilitate heat pump adoption in multi-
family houses and which business models, resources, and activities are most
effective to support this transformation.

Methods: We conducted a literature review and 13 semi-structured interviews
with experts in heat pumps and contracting business models. The interviews
were analyzed using an ecosystem framework.

Results: Our findings revealed three primary barriers to the adoption of
heat pumps in MFHs: technical challenges, lack of expertise, and regulatory
issues. In terms of contracting business models, high transaction costs and
customer acceptance are significant obstacles. Additionally, we discovered
that in Switzerland, contracting is predominantly offered by public-oriented
organizations with ready access to capital.

Discussion: The study emphasizes the necessity for collaboration among various
actors to facilitate the implementation of contracting solutions with the goal of
accelerating the adoption of heat pumps in multifamily housing. Key activities
include generating the necessary expertise and standardizing large heat pumps
in MFHs, central government efforts to harmonize and facilitate HP regulations
across cantons, as well as active communication and sensitization of building
owners and users.

KEYWORDS

heat pumps, building decarbonization, contracting, business models, business
ecosystem

1 Introduction

In Europe, around 40% of energy consumption and 36% of energy-related greenhouse gas
emissions are attributed to buildings (Furopean Commission, 2020). In Switzerland, heating
accounts for around 70% of a building’s energy consumption mostly fueled by fossils (BF'E,
2023). Therefore, as part of its Energy Strategy 2050, the Swiss government aims to switch from
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the current predominance of fossil fuels for heating to
renewable alternatives.

In recent years, most cantons have introduced strict regulations
that either ban the installation of fossil fuel heating systems in new
residential buildings or at least require a minimum percentage of
renewable energy for heating (Perch-Nielsen et al., 2023).

In this context, heat pumps are becoming increasingly important.
Based on Swiss statistics, the proportion of buildings with heat pumps
has quadrupled since 2000. This applies in particular to newly built
properties and single-family houses (FSO, 2023).

However, as mentioned by several authors (Fraga et al.,, 2018;
Lehmann et al., 2023; Perch-Nielsen et al., 2023), the replacement of
fossil-based heating technologies with renewable technologies using
air-to-water heat pumps in multi-family houses (MFHs) has been slow
due to a series of technical, economic, and regulatory barriers.
Reaching this market is critical to decarbonization, as MFHs account
for the largest residential heating demand in Switzerland (Montero
etal., 2022).

As part of the Flagship initiative RENOWAVE, our research aims
to explore the barriers that hinder the adoption of heat pumps in
MFHs and identify possible measures to accelerate this process.
Considering the complexity of this problem, we adopt the ecosystem
framework developed by Speich and Ulli-Beer (2023) to answer the
following research questions: How can public and private actors create
or transform a business ecosystem to facilitate the adoption of HP
systems in MFHs? Which business model designs, resources and
activities are most helpful to perform this transformation?

We approached these questions through a review of existing
literature and primary data collected from 13 interviews. This article
is structured as follows: Section 2 summarizes the literature review
regarding barriers to the adoption of HPs in MFHs and provides an
overview of the different business models for heat pumps. Afterwards,
we describe the analytical framework and our data acquisition and
analysis procedures in Section 3. We present the results in Section 4
and afterwards, we use the ecosystem perspective to frame the
discussion in Section 5 and finally, we summarize the work and make
recommendations for further research in Section 7.

2 Literature review

2.1 Barriers to the adoption of heat pumps
in MFH

There is extensive literature on the barriers to heat pump adoption.
The high investment cost is one of the main constraints to the uptakes
of heat pumps in residential buildings (Coté and Pons-Seres de
Brauwer, 2023; Lehmann et al., 2023; Perch-Nielsen et al., 2023;
Pezzutto etal,, 2017; Trier et al,, 2018). Although heat pumps have low
operating costs, the high upfront cost required to buy and install
remains a major barrier.

Furthermore, the lack of know-how was often cited as a significant
obstacle. On the one hand, heat pump technologies are often not
familiar to the homeowners, who make the final decision (Pezzutto
et al., 2017; Trier et al., 2018), this can lead to a lack of confidence in
the technology. On the other hand, building professionals often lack
experience of best practice in HP design and installation (Perch-
Nielsen et al., 2023; Pezzutto et al., 2017; Trier et al., 2018).
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The particular case of heat pumps in MFHs faces further
challenges, such as: (1) split incentives between building owners and
tenants, (2) location in densely populated urban areas, where
renewable heat sources apart from ambient air are scarce, (3) strong
noise regulations, (4) structural constraints of the building and lack of
space for the HP or its heat exchanger (Cozza et al., 2022; Fraga et al,
2018; Lehmann et al., 2023; Montero et al., 2022).

This results in even higher investment costs and risks for this type
of projects. According to a verbal communication with our
implementation expert, based on their field experience of recent
projects in the last 2years, the installation of an air-to-water heat
pump in a non-renovated MFH costs approximately between 3,000
and 4,000 CHF/kW, which includes roughly 1,000 CHE/kW for the
cost of the heat pump, 1,000 CHF/KW for the cost of piping and
related heating equipment, 1,000 to 2,000 CHF/kW for ancillary costs
including reinforcement of the electrical network, sound insulation,
architectural integration and piping on the facade/inside the building.
This last point varies greatly depending on the complexity of the
project. As consequence, although the amount of heat pumps installed
in Swiss residential building is steadily increasing, the installation rate
in MFHs is lower than in single-family houses or newly renovated
buildings (Farsi et al., 2022). Nevertheless, as mentioned by several
authors (Lehmann et al., 2023; Montero et al., 2022; Perch-Nielsen
et al,, 2023) the decarbonization potential in MFHs is large, as they
represent around 45% of the heated area in Switzerland.

Based on this multifaceted problem situation, involving high risks
and costs without a one-size-fits—all turnkey solution, we argue that
the existing HP business environment needs to be transformed, to
accelerate the adoption of HP in MFH, in order to align public goal
with business goals in a competitive business environment. Therefore,
public private partnerships and innovative business model designs
such as contracting business models become relevant.

2.2 Contracting business models in the HP
market

As stated in (Freyre et al., 2021; Kircher and Zhang, 2021), in the
current heat pump business model, the house owner gets in contact
with an installer who designs and installs the heating system.
Government subsidy may be available to the house owner to reduce
the upfront cost. During the operation, the user pays for the electricity
that the HP consumes and for any needed maintenance.

Other business models, mainly offered by Energy Service
Companies (ESCO), exist but are less developed in the heat pump
market. Two main types of ESCO business models can be identified:
Energy performance contracting (EPFC) and energy supply
contracting (ESC). In the ESC business model, the contractor
guarantees the supply of energy and is responsible for the financing,
operation and maintenance of the energy system. In contrast, in the
EPFC business model the contractor not only supplies the energy but
finances the energy system with the income from energy cost savings
(Patari and Sinkkonen, 2014).

According to several scholars (Brown et al., 2022; Kircher and
Zhang, 2021) such business models might promote the heat pump
adoption in MFHs by addressing the significant obstacle posed by the
high upfront costs. Furthermore, contracting offers a way of dealing
with the problem of split incentives for landlords and tenants.
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According to the Swiss ordinance, if the landlord obtains heating
energy from a central source that is not part of the property, he has the
right to charge the tenant for the actual costs of obtaining and
providing the heating energy (VMWG, 2020).

However, the implementation of contracting business models
faces several challenges such as, incompatible legal frameworks,
significant risk for the contractors and the lack of adequate
mechanisms for the financing of ESCO contracts, as well as a lack of
customer awareness and trust (Boza-Kiss et al., 2017; Brown et al.,
2022; Patari and Sinkkonen, 2014).

As mentioned by different authors (Britton et al., 2021; Wan et al.,
2023) a service provider assumes several risks when providing
contracting solutions. Financial risk is associated to the default risk
(risk that the house owner fails to make timely payments). Design risk
appears when there is a difference between the expected and actual
performance of the system. Technical risks relate to technical aspects
of installed equipment and personnel skills. Economical risk which
refers to the fluctuation of macroeconomic aspects such as the
exchange rate, the interest rate and fuel price. Regulatory risk
encompasses a volatile and complicated political framework. Finally,
behavioral risk relates to the impact of the consumer behavior on the
actual performance of the system (Britton et al., 2021; Koutsandreas
et al., 2022; Wan et al., 2023).

To reduce this risk, ESCOs have focused on specific market
segments, grouping users with similar needs and providing them with
standardized solutions. Such as lighting systems for large energy users
(Backlund and Thollander, 2011; Klinke et al., 2017). Therefore,
several authors advocate for a rethinking of this business model (Coté
and Pons-Seres de Brauwer, 2023; Patari and Sinkkonen, 2014),
opening a new research avenue to investigate variants of contracting
solutions that increase its diffusion and acceptance in riskier and less
standardized market segments.

2.3 The concept, formation, and
transformation of business ecosystems

Based on the previous section, it can be concluded that the
commercial attractiveness of heat pumps in non-renovated MFHs is
rather low due to the high upfront costs and associated risks.
Nevertheless, heat pumps remain key elements in achieving the
decarbonization targets set by public authorities.

This results in conflicting goals between the private sector, which
is looking for economic viability, and the public sector. In order to
align these goals, cooperation is needed, which can take the form of a
public-private partnership (PPP). Our aim is to explore variants of
organizational designs of such a PPP and to examine the activities and
resources required, with a particular focus on the role of public actors.
Therefore, we adopted an ecosystem perspective that focus on value
creation and systemic synergies between distinct actors.

The ecosystem metaphor was initially derived from biological
systems and subsequently introduced into the field of business studies
by Moore (2006), who defines the business ecosystem as an economic
community of actors that interact and co-evolve with each other and
with their environment.

To examine the dynamics of the business ecosystem in the context
of a low-carbon transition, Speich and Ulli-Beer (2023) developed a
framework applying a co-evolutionary business ecosystem perspective

Frontiers in Sustainable Cities

10.3389/frsc.2024.1460960

(CEBEP). The CEBEP framework, conceptualizes how actors of a
value network should synchronize to pursue a common goal. The
main ecosystem actors are the orchestrator, who coordinates the entire
ecosystem; the value network with the core partner, who provides the
services and products to deliver the value proposition; and the
customers. Key activities encompass the coordination of a shared
Resource Pool for the Value Network and cooperation with the
broader Business Environment (such as engagement with Policy and
Politics). The transformative outcomes include innovations in the
business model, a more proficient utilization of resources, and
ultimately, a competitive Value Network that delivers sustainable value
propositions for customers in support of public interest.

Furthermore, Moller et al. (2020) suggest that changes in the
business environment such as the advent of new technological
innovations precipitates the formation and transformation of business
ecosystems. They posit that this process unfolds in three distinct
phases: exploration, mobilization, and stabilization. During the
exploration phase, the objective is to gain an understanding of the
potential innovation by acquiring strategic knowledge. This phase also
involves the identification of stakeholders and early adopters and their
prioritization (Van Bockhaven and Matthyssens, 2017).

In the mobilization phase, an initial business network is established.
The orchestrator’s role is to motivate strategic partners to participate in
the ecosystem. This can be achieved by making significant investments
to mitigate the risk of other partners and thereby making participation
in the ecosystem more attractive (Shen et al., 2024).

Finally, the stabilization phase entails consolidation and expansion
of the ecosystem. This phase will ultimately result in a greater number
of players entering the market. This will require a reconfiguration of
the ecosystem, via reevaluation of the role of the orchestrator and the
business ecosystem (Koskela-Huotari et al., 2016).

Based on the described theoretical background, the objective of
this paper is to explore the potential for public and private actors to
create or transform a business ecosystem to facilitate the adoption of
HPs in MFHs. The business ecosystem for small residential HPs is
already established and functioning well, but to promote HPs in
MFHs, a new ecosystem needs to be formed or the old one
transformed to overcome the barriers. Within this context, we will
analyze how energy supply contracting can support the ecosystem
(trans)formation in the early phases of exploration and mobilization.

3 Methodology

This study applies a qualitative methodology that is most adequate
to collect the required details to differentiate and evaluate distinct
variants of Public Private Partnership configurations. The
methodological approach is illustrated in Figure 1. In the initial phase,
we conducted desk research to deepen our understanding of the
challenges associated with heat pump adoption in MFHs and to inform
the discussion on how public and private stakeholders can create or
transform a business ecosystem to help to overcome these challenges.

Afterwards, we identified the key public and private stakeholders
of our business ecosystem which are listed in Table 1.

We used the value network analysis to describe and visualize the
roles and relationships of the key ecosystem actors, considering not
only the financial exchange but other kinds of values such as
knowledge or intangible benefits (Lewrick, 2022). We did this for two
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FIGURE 1
Qualitative research methodology.

Li . Stakeholder Interview
;etra“fl:: :;v;le;v | identification and | ]| Data Collection | | transcrits and > Discussion and
ate ot the Value Network (via interviews) P . Synthesis of results
adoption in MFH X analysis
analysis
* Ecosystem analysis
(CEBEP)
*  Transformation
Adaptation of analysis
interview
guidelines

TABLE 1 Key public and private stakeholders.

Stakeholder ‘ Aim of the interview

o Understand the needs of
potential customers

Building owners « Validate the envisaged business model

o Clarify their interest in the envisaged
business model
o Determine their possible role as either a

Real estate companies customer or contractor (orchestrator)

o Understand the current practices for
installing HP in MFH and identify the
major barriers

o Determine their possible role as either a

Engineering and heating subcontractor or contractor

companies (orchestrator)

« Identify the benefits and potential
barriers of contracting solutions, drawing

Contracting experts on experiences from other industries

Researcher in energy and o Assess the current state of the art of

buildings HP in MFH

o Analyze existing incentives, regulations,
and programs that promote the adoption

Supporting organization of HP in MFH

« Identify best practice approaches for

Public administration leading Canton in heat decarbonization.

different contracting business model variants, i.e., contracting and
facilitation, which, according to our project partners, have the greatest
potential for implementation.

We then conducted expert interviews to validate the literature
findings, look for barriers and challenges for the two business models
under investigation and understand the possible role of the
stakeholders in the business ecosystem (orchestrator, core partner or
customer). The data collection was performed via semi structured
interviews with representatives of the identified stakeholder groups.
To improve the quality of the interviews the guidelines were sent in
advance to the interviewees.

Following the grounded theory methodology, the interview
guidelines were adapted to dig on the previous findings and to meet
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the expertise of the different actors. Table 1 explains the purpose of the
interview for each stakeholder group. After analyzing 13 interviews,
we reached theoretical saturation. The interviews were transcribed and
analyzed using the software MAXQDA. A mixed open coding process
was performed, using the categories of the CEBEP framework and
generating new design and evaluation categories.

Based on the insights of the literature review and the interviews,
we performed a complete analysis of the business ecosystem on HPs
for MFHs. We combined the CEBEP framework with the business
ecosystem design principles described in Lewrick (2022) to illustrate
the business ecosystem.

We analyzed the public and customer value proposition and the
role of the orchestrator. Afterwards, we mapped the necessary
common resources required for the successful operation of the
contracting solutions.

Furthermore, as suggested by Mattos et al. (2022) we used the
theory of change (ToC) to show how the interaction between
stakeholders can generate and transform the necessary resources.
According to the theory of change, the project’s impact is the expected
overarching societal goal, the outputs represent the concrete actions
devised within the project to contribute towards realizing this impact.
Whereas outcomes go beyond the project and include the concrete
changes that result from the development of the project. Therefore, the
advantage of the ToC is that it helps to create a plan to achieve an
overarching goal; this plan consists of a pathway of actionable activities
that have the potential to bring about the desired intermediate and
long term outcomes (Claus and Belcher, 2020).

Additionally, we used the framework developed by Laakkonen
etal. (2023) and Moller et al. (2020) to describe the different phases of
ecosystem transformation, thereby facilitating the understanding of
this dynamic process and the identification of necessary activities to
promote it.

4 Results

4.1 Case study description and value
network analysis

This work has been developed in cooperation with a large public
utility of Switzerland. This utility has significant responsibilities in the
heat decarbonization of its region. Committed to advancing the
adoption of heat pumps in MFHs, they have actively participated in
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various pilot and demonstration projects. One of its objectives is to
evaluate how contracting business models for HPs in MFHs sector,
could help to mitigate the high perceived technological and financial
risk and thus
business ecosystem.

contribute to the (trans)formation of the

Furthermore, they are seeking to support the diversification and
increase the participation of private actors through market-based
collaboration measures which can take the form of public-private
partnerships. A better understanding of the structure of the PPP, the
role of the public actor and the activities that various stakeholders,
need to carry out would help them to actively support the ecosystem
transformation in order to promote the uptake of heat pumps in
non-retrofitted multi-family houses (MFHs).

Based on the literature review and expert discussions, we have
identified different roles that the public actor can play in a PPP
considering distinct contracting business model designs. The two
most interesting business model design variants (i.e., contractor- and
facilitator business models) are explained below:

4.1.1 Public actor as contractor

In this case, the energy supply contracting business model is
offered by the public actor (e.g., Energy utility company). As illustrated
in Figure 2, the public actor will be responsible of the entire value
chain from design, purchasing, installation, monitoring and
maintenance and will retain the ownership of the heat pump. The
private sector may contribute to these activities by providing services,
such as installation, under contractual agreement.

This is the most common form of energy contracting in
Switzerland, where few public oriented organizations operate this type
of business. The main strength of this variant is the easy access to
capital, while the high financial and technical risk remain main
barriers for the public actor.

4.1.2 Public actor as facilitator

In this case, the main objective of the public actor is to ease access
to capital for private actors who may want to compete in the heat
contracting market. Financial institutions frequently impose rigorous
requirements for loans related to contracting projects, including the
need for significant equity capital, which may not be accessible to
private investors. A public guarantee could assist in mitigating the
financial institution’s risk perception, thereby improving the lending
conditions. Figure 3 illustrates the main interactions between house
owners, the contractors as well as financial institution that are
facilitated by the PPP.

An example of such a variant is provided by the Energy Efficiency
and Renewable Sources Fund (EERSF), which operates in Bulgaria as
a commercially oriented public-private finance facility, whose
activities include the provision of partial credit guarantees, which are
recognized as first-class collateral equivalent to bank guarantees
(Vanstraelen et al., 2015).

4.2 Expert interviews

To examine success factors and validate the practicality of the two
contracting business model designs mentioned above, we performed
expert interviews. The focus is on understanding the needed resources
for the success of contracting HPs in MFHs, as well as the needed
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activities to develop these resources. More specifically, the interviews
provide insight into two main areas:

o Qualitative assessment of the development of the HP market in
MFHs,
this development.

highlighting  barriers and opportunities for
« Qualitative assessment of the attractiveness of energy supply
contracting and facilitator business model for HPs in MFHs.

A complete list of the interviewees can be found in the Annex
(Section 11) of this publication.

4.2.1 Heat pump market development

First, we looked at the perceived barriers for the development of
the heat pump market for MFHs. We have identified several categories
of barriers as illustrated in Figure 4.

Technical feasibility summarizes several aspects that make the
implementation of HPs in MFHs difficult. Specific problems are the
lack of space for a heat pump system in the building, which in some
cases leads to the need to modify the structure of the building; for
example, when the ceiling needs to be reinforced to support the weight
of the heat pump. These situations can significantly delay and
complicate the project.

A lack of know-how on the part of both technical experts and
clients is identified. The interviewees recognized that most of the
technicians are very familiar with the installation of heat pumps in
single-family houses, where the hydraulic is relatively simple and
products and procedures are standardized. Nevertheless, as soon as
the building gets bigger, a heat pump project becomes much more
complex (due to the above-mentioned technical problems), and the
installers can no longer do the whole work by themselves.

Additionally, house owners are not aware that heat pumps can
be a good solution for MFHs. There is a lot of uncertainty regarding
the technology which might delay their decision process.

Furthermore, the installation of heat pumps is subject to several
regulations such as noise insulation, and aesthetic rules. Several
interviewees mentioned that this regulation varies greatly from city to
city, making it difficult to replicate projects in different cities. The
cantonal harmonization of the regulations can facilitate the
standardization of the heating systems. Table 2 summarizes the most
relevant barriers.

4.2.2 Contracting business model

The second part of the interview focused specifically on the
contracting business model. First, looking at the possible barriers.
Second, asking about the possible actors interested in providing
contracting solutions. Finally, looking for the key activities and
resources for its successful implementation.

4.2.2.1 Barriers and risks of the contracting business
model

According to our interviewees, the most prominent barriers and
risk for a contracting business model are the large transaction cost, the
customer acceptance and the tariff estimation risk (see Figure 5).

The transaction cost was often mentioned as one of the reasons
why small and medium enterprises (SMEs) in the heating and cooling
industry, are not interested in providing contracting solutions (R_02,
T_03). Particularly problematic is that contracting requires not only a
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FIGURE 2
Public actor as contractor.
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Heat pump

owner D Legal activities

Planning, Installation & Maintenance

FIGURE 3
Public actors as facilitator.

technical know-how, which is intrinsic in this industry, but also legal
know-how. Regarding customer acceptance, the interview participants
mentioned two main factors: first, the long duration of the contract
and second, most respondents from real estate companies emphasize
that clients perceive contracting as a very expensive solution (I_01,
1.02,1.03; Table 3).

Our interview partners consider that the highest risk for
contracting is the heating tariff estimation risk. This relates to the fact
that the heating tariff must be calculated in advance and is subject to

Frontiers in Sustainable Cities

large uncertainty on the realization of the project (T_03). This might
lead to unfavorable conditions for the involved parties (the contractor
and/or the client; E_01). This might not only undermine the
acceptance of the contracting business model (e.g., T_03), but can tie
the contractor to an unprofitable contract yearslong (e.g., E_01).
Contrarily, the default risk was considered low for the same reasons
mentioned by Klinke et al. (2017), even if the original occupant
moves out or the client becomes insolvent, another occupant will
likely move into the building and take over the ESCO contract.
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4.2.2.2 Companies potentially interested in offering
contracting solutions

The interviewees were asked about which kind of companies are
offering or interested in offering energy supply contracting. Here,
public oriented companies are mentioned most often as summarized
in Figure 6.

The reason for this is that energy supply contracting is a capital-
intensive business model. Public organizations have in general easy
access to capital at good conditions, unlike private companies, which
makes the competition for the latter very hard.

Some of the interviewees mentioned that real estate companies
would be interested in contracting. Therefore, we asked representatives
of these companies. In their view, contracting is not an attractive
business model for them, for two reasons: firstly, a contracting
business model has a completely different risk profile than the typically
low-risk real estate business and secondly heat contracting is not part
of the core activities of real estate companies, so compliance with the
contract by providing heat at all times, even in cases where the system
is out of order, would be difficult and economically unattractive (I_03).

“I can imagine that real estate companies are not so interested in
offering contracting, because (...) you are then responsible for this
facility and have to fulfil and set up your part of the contract, and
there are other companies that are probably much better organized
than a real estate company in terms of on-call and emergency
services and so on” (Translation from: 1_03).

4.2.2.3 Success factors for a contracting solution

Based on the answers of the interviews we have identified several
aspects that can contribute to the success of an energy
contracting solution.

Timely sensitization of the customers is key for the successful
planning and realization of the heating system replacement. The
installation of a HP in a MFH requires longer planning times than
simple replacing the old heating system with a new fossil boiler. If the
customer is not aware of this and plans to wait until the current
heating system must be replaced, several difficulties may appear and
installing a renewable heating alternative might be hampered further.
Therefore, it is advisable to actively contact building owners whose
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heating systems are older than 15years and encourage them to
perform an energetic assessment of their building (P_01). In addition,
it was stated that different strategies should be employed to reach
distinct customer types. For instance, digital affine customers can
be addressed through internet tools whereas, non-digital-affine
customers need face-to-face contact, which can be provided at energy
meetings organized by communities” (Translation: H_01).

A thorough energetic assessment should consider not only the
fuel change but all possible renovation options that can easily help to
reduce heat demand (e.g., facade insolation, improving windows etc.)
and that can be implemented before the new heating system is planned
(e.g, R_02).

In addition, transparency is seen as one of the most important
aspects; customers should have enough information about the needs
of their buildings and be able to understand the cost structure.

Regarding the planning process, a preliminary monitoring of the
current heating system was mentioned as a crucial aspect for the well-
functioning of the energy supply contracting. This monitoring should
last at least 6 months and should be performed during the heating
season. The goals are to get to know the building, collect data that
helps to correctly dimension the heat pump system and establish the
baseline to calculate the effective energy savings in case energy
performance contracting is offered. The data availability will at the
same time reduce the heating tariff estimation risk.

During the operation phase, monitoring of the new heating
system was highlighted as crucial in several responses (e.g., T_02,
E_01). Monitoring can help on the one side, the installers, and
technicians to find out if there are problems in the installation and
rapidly identify where (T_03); on the other side, it can improve the
transparency of the project by enabling the collection of real
consumption data, while facilitating maintenance (E_01).

5 Discussion

In this section, we used the business ecosystem framework to
structure the discussion of our insights from the literature review and
expert interviews. We summarized our findings in a Theory of Change
matrix which clearly show an actionable plan for the different
stakeholders in the business ecosystem. Finally, we analyzed the dynamic

frontiersin.org


https://doi.org/10.3389/frsc.2024.1460960
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Zapata Riveros et al.

TABLE 2 Barriers to heat pump adoption—insights from interviews.

Barriers

Technical feasibility

Categories

Lack of space

10.3389/frsc.2024.1460960

Quotes

“The main problem I currently see with apartment blocks is the space required. That there is no

room in the building to place the heat pump” (Translation from: T_02).

Required changes in the building structure (e.g.,

reinforcing the ceiling)

“If you want to change a structure of the building you will need to get the authorization for a
building change, which can generate a huge problem. In some cities this procedure can last

1-2years” (Translation from: T_02).

Lack of know-how

Lack of information from customer side

“You know heat pump has a great success in small installation for SFH with a market share of
90%. So, people think that heat pump are great solution for small buildings and not for larger
ones and especially for existing one. Therefore, customers will not ask for a heat pump solution as

they think it is impossible” (T_03).

Lack of technical know-how

“Just yesterday we met with a planning office, and they are already saying that there is still a lack
of know-how among the installers for larger systems, first there are too few people who know
about it, or there are many who know about small heat pumps and they do not know about large

systems yet” (Translation from: S_01).

Noise regulation

When you have air source heat pumps in a MFH, there is always a bit of noise and it is very

different in a single-family house, where you decide as the owner to have a heat pump. OK,

you know what you are doing and you accept it. If you are in a relationship with tenants, (...)

who knows if some tenants will not accept it or will have some problems” (R_01).

Regulatory problems
Regulatory differences among Swiss cities

“If I have apartment buildings of type x in different cities (...), I could have the same heating
concept for all of them and solve the problem in exactly the same way. However, depending on
where I am, I have endless requirements, or I can just build it. That’s a disaster, and it’s also a

huge uncertainty for the investor in terms of cost” (Translation from: T_02).

TABLE 3 Barriers to contracting business models—insights from
interviews.

Barriers Quotes

Transaction cost “So those who have the know-how may not have the
human resources to take part in this contracting, the
whole contractual, that is, all the hassle that is required
with financing and so on. And those who cover this part
well usually do not have the technical know-how”

(Translation from: T_03).

“People welcome the carefree offer. Nevertheless, the
Customer acceptance contracting solutions are perceived by customers as very

expensive solutions “(Translation: H_01).

phases of ecosystem transformation, highlighting the activities that the
PPP can undertake to accelerate the transformation of the HP ecosystem.

5.1 Public and customer value proposition

The contracting business model for HPs in MFHs has a dual value
proposition that includes both public and private benefits. The public
value proposition is related to the reduction of CO, emissions through
the decarbonization of heating systems in MFHs, whereas the
customer value proposition is associated with the financial
accessibility. It facilitates the installation of a heat pump system
without imposing high upfront costs, while reducing both the financial
and technical risk. This public and private value proposition alignment
provides the legitimation for setting up a public private partnership or
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the involvement of public authorities in orchestration activities in
support of HPs diffusion in MFHs.

5.2 Orchestration

In the context of ecosystem governance, orchestration plays a pivotal
role. The primary responsibility of an orchestrator is to effectively
coordinate activities among the diverse actors (Lewrick, 2022; Paasi
etal., 2023). The interview results provide evidence that the public entity
should be responsible for the orchestration of the ecosystem. As depicted
in Figure 2,this includes in our case offering the contracting solution
directly, because energy contracting present larger difficulties for other
market players, including access to capital and high transaction costs.
Additionally, as also mentioned in Patiri and Sinkkonen (2014) it
requires a wide range of skills. These include not only technical know-
how, but also administrative and legal skills which are usually present in
large companies. In summary, in order to align public objectives with
those of private companies, the public actor would take on the role of the
contractor, but can still promote market development by subcontracting
private actors, for example as installers and designers, and by carrying
out other activities that will be further explained in section 5.4.

5.3 Common resources

We have identified the common resources necessary for the well-
functioning of a contracting business model. Figure 7 differentiates
six categories: the most important physical resources are standardized
HPs for MFHs. So far large HPs have been used in the industry and
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therefore, they do not fully meet all requirements for residential use,
such as noise insulation. Financial resources relate to the capital
needed to develop the contracting project, as well as the government
subsidies. Data regarding the current heat consumption of the
buildings is considered as a very important resource for a successful
contracting business. Human resources correspond to the need of
building professional with the necessary know how to design and
install HPs in MFHs. The social capital refers mainly to awareness
and trust in HPs created through the exchange of reliable information
with owners and tenants.

5.4 Value network transformation and
industrial feedback

The results also provide empirical evidence for a ToC for the
transformation of the business ecosystem supporting the diffusion of

Frontiers in Sustainable Cities

HPs in MFHs. The indicated resources as input are linked to activities
and the corresponding project-output, and -outcome as well as
societal long term impact (Mattos et al,, 2022). The industrial
activities within the value network, contribute to the creation of the
necessary resources, while simultaneously reducing the risks for
the contractor.

Figure 8 depicts the ToC and summarizes the activities and
resources required from the ecosystem actors not only to successfully
operate a contracting solution, but also to accelerate the adoption of
HPs in MFHs. These activities are relevant to the success of both
contracting business model designs studied.

Primarily, activities are required to generate the necessary
know-how and achieve the required standardization of the large heat
pumps in MFHs. The harmonization and facilitation of HPs regulation
between different cantons by the central government would also be a
contribution to standardization and mitigation of the regulatory risk.

Furthermore, as mentioned by Schmid et al. (2023) it is very
important for municipalities to identify buildings with high
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FIGURE 7
Common Resources.
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* Monitoring systems

* Certified building professionals
« Standard installation schemes

* House owners and tenants' information and engagement

« Information exchange among building professionals
 Experience exchange among building owners

renovation / fuel change potential. In this way, the right owners can
be addressed timely and receive trustworthy information regarding
the necessary measures (Lanz and Reins, 2021). Providing
information and events can be part of the activities carried out by
the PPP.

As discussed before, it is reasonable that the public entity takes
the lead on providing contracting business models for HPs in MFHs,
because other market participants lack of the simultaneously
necessary technical and administrative skills and the capital to offer
this business model. Additionally, the public entity may have already
established a relationship with the customers, for example, in its role
as a public utility, which might increase acceptance and reduce
transaction cost (Coté and Pons-Seres de Brauwer, 2023). Likewise,
the collaboration of the public entity with building professionals in
the planning, monitoring, installation, and maintenance of the heat
pumps will increase know-how sharing supporting market
growth further.

During the design and planning phase the preliminary monitoring
is extremely important to estimate the actual heating need of the
building. This not only reduces the design risk but at the same time
facilitates the estimation of the heat tariff reducing the financial risk.
During the operation, correct monitoring of the heating system will
not only facilitate the maintenance and increase transparency but also
provide data that can improve building simulations and enables the
further development of digital tools, which in the long term will help
to tackle the design risks (Britton et al., 2021).

Last but not least, it becomes also important to train the user in
the proper use of the new heating system to reduce underperformance
due to poor building operation practice as highlighted by Cozza et al.
(2021), reducing the behavioral risk.
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5.5 Transformation of the HP business
ecosystem

The dynamic transformation of the HP ecosystem is analyzed using
the framework developed by Laakkonen et al. (2023) and Moller et al.
(2020). The framework illustrates the activities that the PPP can undertake
to influence the transformation of the HP ecosystem (see Figure 9).

It can be observed that the traditional value creation model of the
heating industry is being challenged by several policies that prohibit
the use of fossil fuels in residential buildings.

The first activity that the PPP should perform is to acquire strategic
knowledge, as mentioned in section 5.4, this can be done through the
participation in pilot projects, with the objective of demonstrating the
technical and economic feasibility of heat pumps in MFHs and in this
way as suggested by Moller et al. (2020) reduce the perceived risk.

In this stage of the process, data on the condition of the buildings
and the owners is of the utmost importance. It is necessary to identify
and contact those likely to be early adopters, which may include
public buildings or professional real estate investors with a high level
of self-interest. These groups can serve as a testing ground for the
business model in a subsequent phase.

The results of our study indicate that the public actor should
assume the role of an orchestrator, applying a contractor BM; the
public authority assumes the entire up-front cost and retains
ownership of the assets, reducing the risk of the customers.

Moreover, as previously stated, the participation in activities that
lead to the standardization of HPs installation in MFHs and the
harmonization of regulation is of paramount importance.
Standardization, helps to stabilization of the ecosystem in the long run
(Moller et al., 2020; Figure 9).
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Through literature review, we identified contracting as a
promising business model to overcome several barriers to HP
adoption in nonrenovated MFHs, especially the high upfront cost.

The objective of this paper was to address the following research ~ We proposed two distinct contracting designs that differ in the
questions: How can public and private actors create or transform a  role played by the public authority. In the first, the public authority
business ecosystem to facilitate the adoption of HP systems in MFHs?  assumes the role of the contractor, and in the second, it acts as a
Which business model designs, resources and activities are most  facilitator to ease contracting solutions provided by private

helpful to perform this (trans)formation?. companies.

Frontiers in 11


https://doi.org/10.3389/frsc.2024.1460960
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Zapata Riveros et al.

10.3389/frsc.2024.1460960

scale heat pumps

2. External change drivers

« Fossil fuel heating ban

Exploration

3. Exploring business models for HP in MFH

« The PPP participates in pilot projects in cooperation with
university, public utility and private industrial partners to
demonstrate feasibility of HP in MFH.

« Identification of early adopters (e.g., Public buildings,
professional investors )

FIGURE 9

1. Value creation logic of stabilized heating industry
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opening up new opportunities for market
participants.
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for other partners.

»  The PPP tests the business model with selected customers. The PPP
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+  The PPP shares technical know-how with industrial partners

Activities of a PPP in the (Trans)formation phases of the HP business ecosystem

We conducted several interviews and employed an ecosystem
perspective to gain a comprehensive understanding of the evolution
of the HP market in MFHs as well as to validate the two studied
contracting business models designs.

We found that private companies face several challenges in
offering a contracting business model for HPs in MFHs. These
challenges include not only limited access to capital but also the
high transaction costs associated with this business model. Based
on these findings, we conclude that it makes sense for the public
actor to act as a contractor, at least until the HP market in MFHs
reaches stabilization.

Additionally, we emphasize that the successful operation of a
contracting business model, as well as the acceleration of heat pump
adoption in MFHs, requires coordinated efforts and resources from
various stakeholders. This includes raising customer awareness,
disseminating know-how among the technical workforce, standardizing
processes, providing financial support.

Carrying out these activities will contribute to the (trans)
formation of the business ecosystem until a stabilization is reached.
At this point the public actor might reconsider the need to maintain
asset ownership or explore the implementation of a buy-back
mechanism to transfer ownership. The stabilization phase, however,
was not addressed in this paper and therefore requires
further investigation.

Furthermore, it is suggested to analyze in detail the decision
making and implementation process of running fuel-switch projects,
with focus on responsibilities, costs, risks, and information flow. Based
on such an empirical analysis, business model testing and adjustments
for the PPP is supported.
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Annex

TABLE 1 Interview partner overview.

10.3389/frsc.2024.1460960

Type of organization Role Code Duration

1 University Senior Researcher in energy and buildings R_01 1h 18 min
2 University of applied science Lecturer for energy and facility management (Contracting expert) R_02 1h 10 min
3 Supporting organization Project Manager Carbon markets S_01 38 min
4 Supporting organization Project Associate Support Programs S_02 40min

5 Engineering company Head of Energy Western Switzerland T_01 50 min

6 Heating and cooling specialist Project Manager T_02 1h 06 min
7 Heating and cooling specialist General Manager T_03 49 min
8 Canton Head of Environment and Energy Office P_01 35min

9 Swiss contracting association General Manager E_01 1h 18 min
10 House owners association Expert in energy and construction H_01 1h

11 Real estate company Member of the Executive Board 1.01 1h

12 Real estate company Manager Real Estate Consulting & Planning 1.02 1h 26 min
13 Real estate company Chief operations officer 1.03 28 min
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