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Building energy retrofit is not only an efficient approach to increase energy efficiency through technical in-
stallations, but also has great potential to improve social acceptance through co-creation. However, there are
many existing residential buildings with low energy efficiency in need of retrofit, which is currently not being
done. This paper aims to examine the barriers to conducting the residential building retrofit and co-created a
suitable business model to overcome these challenges and improve social acceptance. Thirty-nine deep in-
terviews and a workshop with representatives from people (residential building owners), public and private
sectors were conducted. The results show that the barriers include lack of information sharing and consulting,
limited resources and knowledge, and risks of not achieving the expected energy efficiency. Then a pub-
lic—private-people partnerships (PPPP) business model is co-created to overcome the barriers by improving in-
formation sharing, making use of operational experience and financial resources from the private sector, as well
as political and financial support from the public sector. Furthermore, the results illustrate the value of co-
creating, by considering how the different sectors’ wishes can be negotiated. It includes agility to adapt to the
complex challenges by being open to ongoing suggestions instead of established planning and the scope to lead to
new cooperation among the different sectors in the co-creation communication process. For further study, more
workshops with participants from a wider range of backgrounds are needed to further refine the model and
explore an efficient method to balance the power of different participants in the co-creation process.

Citizen participation

1. Introduction being done on a large scale [10].

Building energy retrofit is influenced by different stakeholders, and

Building retrofit plays a key role in improving energy efficiency,
living environment, and social acceptance [1-4]. In fact, the building
sector represents about 40% of the final energy consumption in the
European Union [5]. Research has proven that building retrofit can
achieve energy savings in buildings of up to 80% [6] and that approx-
imately 90% of the building stock in the world needs to be upgraded to
transform existing buildings into nearly-zero energy buildings [7].
Therefore, building energy retrofit has the potential to play a vital role in
energy saving. In addition, building retrofit can reduce electricity bills,
maintenance costs, and achieve higher rent or sales prices from the
financial aspect, as well as creating job opportunities, satisfying citizens’
needs, and creating livable environmental space from the social aspect
[8,9]. However, there is a considerable number of existing residential
buildings that waste energy and require retrofit, which is currently not

they can be classified into three sectors: public (institution), private
(commerce), and people (residents) [11]. Each sector has different
concerns for conducting the retrofit. The public sector mainly focuses on
the achievement of energy goals, and the efficiency of incentives, risk
guarantees, and regulations [12], while the people tend to focus on in-
formation sharing about the benefits of conducting retrofit, access to
consulting, the initial cost of investment, and financial support [13,14].
The private sector is often concerned with financial profits, risk gua-
rantees, and payback time [15]. Therefore, the main barriers to con-
ducting the retrofit will be explored from the perspectives of the people,
public, and private sectors.

To cope with the complex challenges in the retrofit process, a wide
range of knowledge and resources are needed from multiple sectors. At
the same time, the challenges are ongoing and different in different

Abbreviations: PPPP, Public-private-people partnerships; EPC, energy performance contracting.

* Corresponding author.
E-mail address: yan.xue@ntnu.no (Y. Xue).

https://doi.org/10.1016/j.erss.2021.102406

Received 1 June 2021; Received in revised form 7 November 2021; Accepted 11 November 2021
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).



Y. Xue et al

regions, which requires co-creation among local communities [16]. Co-
creation is an approach involving groups of diverse actors to create
shared values, that can lead to overcoming the barriers, but also in
defining problems and solutions [17,18]. There are several advantages
to co-creation in the building retrofit. First, it has a high degree of
adaptability due to the suggestions being co-created and tailored ac-
cording to the background of the participants. Second, through sharing
information, expressing concerns, and negotiating the different interests
of each sector, co-creation has the potential to promote a balanced and
sustainable social, environmental, and financial development [19].
Third, it facilitates information flows among different sectors, which
forms shared value leading to increased social acceptance [20,21].
However, there are few cases and workshops on co-creation for building
energy retrofit to guide further study in the field. This paper will figure
out suitable solutions to overcome the barriers through co-creation,
among local people, private, and public sectors.

In the co-creation process, it makes sense to engage the citizens
before conducting any building refurbishment. Citizens living in the
buildings have a deep understanding of their living environment, and
their participation is crucial to guarantee that the real issues in the
building are addressed. It is also vital to get support for the project from
the community [22,23]. Satisfying citizens’ needs, achieving optimal
overall value, and sustainable development are critical, as they usually
have profound and long-term effects on the lives of the general public
[24]. Therefore, the paper will also pay attention to citizen participation
in the co-creation process.

Co-creation is important to deal with the building energy retrofit.
However, there is a lack of summaries of the typical partners concerning
the choice of sectors for co-creation, as well as analyses and comparative
studies among the various partnerships with different sectors, which
makes it difficult to choose partners for a specific project [25,26].
Therefore, analyzing the strengths and weaknesses of different existing
models, as well as proposing improvements, is crucial.

After identifying the main barriers, exploring a suitable business
model to overcome these is crucial. A business model describes the
rationale of how an organization creates, delivers, and captures value
from an efficient and systematic approach, which can guide the whole
process with a specific strategy to conduct the retrofit business [27]. In
addition, the European Green Deal and several other researchers
emphasize the need for new business models that can involve multiple
stakeholders [28,29,30]. Therefore, the existing business models
applied in building retrofit will be explored and analyzed, and a new
suitable business model will be co-created.

Based on an analysis of the main identified barriers and existing
business models, this paper proposes a novel public—private-people
partnerships (PPPP) business model. The concept of public—private-
people partnership is an emergent approach that highlights the need for
sustainable development through the involvement of public adminis-
tration, private actors, and citizens in a joint process [22]. “Public”
means government departments, “private” refers to private for-profit
enterprises, while “people” represent citizens [31]. This pub-
lic—private-people partnership process framework embraces bottom-up
participative strategies, making citizen engagement visible for the co-
creation of projects [22]. It has the potential to both fully utilize the
advantages of each partner and create a more open society through
negotiation between different sectors. Furthermore, the PPPP business
model will be co-created by the local public, private, and people to be
more suitable to the market and achieve social acceptance.

To summarize, the main goal of this paper is to co-create a suitable
business model to overcome challenges in building retrofit and improve
the social acceptance for it.

The article is organized as follows: Part 1 demonstrates the aim of
this paper; Part 2 introduces the concepts of co-creation, citizen
participation, public-private partnership, public-private-people part-
nership, the business model and business model canvas, as well as a
literature review about the existing business models for building retrofit;
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Part 3 explains the methodology applied in the paper; Part 4 shows the
results, including the main identified barriers for conducting the retrofit
from the perspectives of people, private, and publie, the proposed PPPP
model, and the co-created PPPP model after the workshop discussions;
Part 5 discusses the results; Part 6 contains the conclusion.

2. Background

2.1. Public-private partnership (PPP), citizen participation, and Public-
private-people partnership (PPPP)

Public-private partnerships (PPP) was defined as “formal coopera-
tion between enterprises, social leaders and local government officials to
improve the city” by Perry Davis in 1986 [32]. Most often, the main
applicable sectors are government agencies and private-sector comi-
panies. The private partners mainly participate in financing, planning,
and managing the projects, while the public partners commonly focus on
launching and monitoring the projects.

Public-private partnerships are well developed and have a wide
range of applications internationally, including in the building energy
retrofit, however, there is a lack of consideration of citizen participation
[33]. In recent years, the participation of citizens has become an indis-
pensable part of building retrofit as they can provide and discuss current
issues and needs related to their living environment, which can lead to
social sustainability through balancing community interests and
creating shared value [34]. The participation of the people can also
make the existing cooperation more diverse and realistic [35]. This led
to the proposal of the public—private-people partnership (PPPP), which
added people to increase transparency and engage citizens’ knowledge
to better satisfy their needs [36].

Compared with the PPP model, both the theory and the application
of the PPPP model are less developed. This is not surprising since it is
quite difficult to include people in the PPP models. The citizens usually
have less impact on decision-making than the public and private sectors.
Furthermore, ordinary citizens rarely have enough knowledge to
participate in the discussions, and often fail to provide effective strate-
gies. On the other hand, the PPPP can create added value, share risks
within between participants, and minimize later conflicts through the
cooperation of different resources [31,36].

2.2. Co-creation

To achieve efficient cooperation among the people, private, and
public sectors, co-creation is an ongoing and reflexive method that can
be applied to encourage different actors to interact and collaborate and
create new products, services, and shared value [16]. The European
Union also regards co-creation as an approach that can create higher
quality in public services and social sustainability [17]. Co-creation
suggests that jointly creating innovations across organizational bound-
aries is mutually beneficial for the participants [17]. It is also highly
relevant in the PPPP model. For the private sectors, co-creation can lead
to more efficient goods and services to maintain competitiveness in
global markets [37]. For the public, it can help improve the effectiveness
and satisfaction with public services through solutions tailored to meet
the wishes and values of its users [38]. For the people, co-creation with
public and private sectors can provide opportunities to express their
needs and receive resources from other sectors to satisfy their needs.
Citizen participation in the co-creation process is not only involved
citizens as test subjects who can react to the suggestions proposed by a
designer, but rather as people with insiders’ knowledge of how sug-
gestions should be developed to fit their own needs [17].

2.3. Business model and business model canvas

The concept of a business model has been explained by researchers
from many different angles. Al-Debei and Avison [39] consider the
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business model a tool for conducting business through analyzing,
designing, and applying a set of business strategies. A business model is
also widely accepted as a way to describe the rationale of how an or-
ganization creates, delivers, and captures value [27]. In addition, the
development of new business models is regarded as an efficient method
to promote the diffusion of sustainable development [40-43].

As urban space develops, new requirements are needed for sustain-
able business models to replace the traditional business models. In the
past, the financing for building refurbishments strongly relied on limited
budgets in the public sector. Now, new business models with innovative
revenue models and financing schemes, developed to promote market
investment instead of burdening the public sector, are needed to achieve
sustainability [15]. Furthermore, the participants are different. The
traditional business models are customer and market-oriented, whereas
sustainable business models consider the values of all the stakeholders,
including investors, designers, and customers [40]. Finally, the sus-
tainable business models aim to achieve balanced sustainable develop-
ment, emphasizing the environmental and social value in addition to the
financial value [44].

To develop a new business model that is taken in a sustainable
outlook in this paper, the business model canvas method was chosen
because it provides a structured way to focus on the fundamental ele-
ments for building a business model. Fundamental elements focus on the
basic information at play in a business model, such as what resources are
needed, what is the core value for each partner, what kind of relation-
ship could be built, and the financial input and output [27]. Further-
more, business model canvas has a universal application, which is easily
understood by lots of related research [45]. Finally, the standardized
elements of the business model canvas provides an easy approach for
partners to co-create.

The development of a business model for sustainable development
relies on a good Business Model Canvas. The Business Model Canvas
proposed by Osterwalder [27] has been widely applied for analyzing and
designing business models by many researchers through four pillars and
a basic nine-block model [10,15,46], which are illustrated in Fig. 1.

The infrastructure management pillar consists of three blocks: key
partners, key resources, and key activities. This pillar describes the
partners, the human and physical resources they can offer, and the ac-
tivities needed to deliver value to the consumers [47,48]. The product
pillar has only a value proposition block, which is the core of the busi-
ness model. It defines what types of value the stakeholders will provide
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to the consumers, and explores the customers’ problems and needs [48].
The customer interface pillar comprises customer segments, channels,
and customer relationships. This section defines the target consumers,
the channels for communicating, distributing, and selling products or
services, as well as establishing and maintaining relationships with
consumers [27]. The financial aspects pillar includes cost structure and
revenue streams, which describe how the finances are spent and the
return on revenue. [49].

2.3.1. The existing business models for building energy retrofit

In the section, the existing business models, namely, host-owned,
energy performance contracting, and community shared business
model will be introduced.

The most widely used model is the host-owned business model,
where the initial cost is paid mainly by the host. Projects using this
model are often strongly dependent on public funding, which typically
covers 20%-40%. Furthermore, retrofit services such as design, con-
struction, and materials are typically supplied by separate providers,
which requires the building owners to spend a lot of time and effort on
communication and coordination [15].

For the energy performance contracting (EPC) business model, the
energy-saving companies finance the initial investment and get payback
from the building owners based on the attained energy performance
[15,50]. EPC models tend to be driven by energy-saving companies and
typically have better access to financial capital than the host-owned
model. The risk of investing in energy retrofits is reduced for building
owners because they pay for the attained energy performance. However,
the energy-saving companies usually cannot receive the predicted
payback because the predicted energy performance does not match the
actual energy performance. This is often due to changes to building
design during the construction stage or the impact of the user’s behavior
on the energy load not being captured during lifecycle assessment
[51;52]:

In the community shared business model, the investment is mainly
financed by a large number of citizens [53]. They form a community
group, who co-invests in a project and shares the benefits. In the com-
munity shared model, the residents are important actors, as they not
only invest in the project but also provide the needs and information
about problems related to the building environment. However, it is not
easy to engage the citizens, and there are other barriers such as lack of
industrial resources and connections, issues of trust among citizens, and
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Fig. 1. General business model canvas, adapted from [47].
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limited skills in community engagement [54].
2.4. Co-creation approaches for sustainability in Norway

Norway was selected as the regional study background because a
large number of its citizens care about energy sustainability. According
to a country ranking of public environmental concern conducted by
Franzen and Vogl [55], Norwegians pay much attention to sustainable
environmental development. This increased the likelihood of engaging
the citizens in the building refurbishment partnerships, which is needed
to achieve social sustainability. In addition, many stakeholders in the
energy sector such as research groups, private companies, and munici-
palities collaborate through energy clusters in Norway [56]. This makes
it easier to both identify the building refurbishment-related partners for
interviews and workshops through the energy cluster and to understand
how the different sectors cooperate. Furthermore, co-creation is already
present in the energy sector, most notably through the prosumer scheme
offered by the Norwegian Energy Regulatory Authority [57]. It is a set of
regulations supporting cooperation between people, private industry,
and public sectors [58]. Although the interviews and the workshop were
organized in Norway, it has significance for other countries with a
similar background, particularly those with high interest in the envi-
ronment and high levels of citizen participation.

3. Methodology

The methods have been designed according to the goal of the paper,
which can be achieved in three steps:

- Understand the barriers for conducting the building energy retrofit
from the perspectives of people, private, and the public through
interviews

- Propose a suitable business model to overcome these barriers to
promote the residential building retrofit market

- Assess the potential feasibility of the business model and develop it to
be more suitable for practical application through a workshop

Interviews were chosen to understand the barriers and figure out the
potential solutions, as well as testing the possibility to apply the po-
tential models with interviewees who have empirical experience. The
interviews can provide narrative and explorative data that explain the
barriers clearer and provide detailed suggestions on how to overcome
the barriers and adjust the potential model. Furthermore, the interviews
produce empirical data specific to the Norwegian context. Finally, the
interview can be used to identify interviewees with resources and high
interest in the proposed model, which can be chosen as participants for
the workshop in the next stage.

Workshops are a good choice to assess the potential feasibility of the
proposed model and are considered an efficient approach for future-
oriented study [59]. The workshop has its advantages from the
following aspects. First, it can gather the opinions, knowledge, and
needs from the public sector, private sector, and residents, which pro-
vides a basic understanding. Second, during the process, participants in
the workshop can expose potential problems earlier, which can help
make strategies for alternative scenarios [60]. Finally, different stake-
holders can express their opinions in the process, helping them under-
stand each other, and negotiate the detailed application of the business
model. This can also enhance relations and communications, as well as
promote the practice and acceptance of the decisions [61].

3.1. Interviews

Interviews were used to determine the barriers to conducting the
building energy retrofit from the perspective of people, private, and
publie. All participants had to satisfy a set of criteria to participate. First,
the interviewees from the public sector and private sector had to work in
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a field related to building retrofit, to ensure a good understanding of the
area. Second, interviewees needed to have a good understanding of the
retrofit market. This is critical to gather empirical data that can
contribute to a more accurate analysis of the current state of building
energy retrofits.

The study took the form of semi-structured interviews on an indi-
vidual level. Each interview lasted for about 50 min. The interviewees
were provided with an interview guide at least two days in advance, for
them to prepare appropriately. All the interviews were conducted by
video meeting, the majority during a three-month period. During the
interview, the participants were asked about their thoughts on barriers
for public, private, and people to conduct the building energy retrofit,
considering technical, economic, regulatory, and social factors. The re-
spondents were then allowed to steer the conversation within the topic.
The interviews were all captured through a combination of recording
and transcription.

After the completion of the interviews, the data analysis process
began. The interviews were transcribed, and the answers were sum-
marized according to the questions and sector the participant belonged
to. To make the best use of the space available, similar opinions were
grouped for analysis and counted. This made it easier to find the infor-
mation receiving the most attention and see if there were any substantial
differences between different sectors. Due to the qualitative nature of
the data, many quotes were used in the publication and were para-
phrased where appropriate. Where there was agreement amongst re-
spondents, detailed summaries were given to ensure that such
commonalities were made clear.

According to the results of the analysis, a business model was pro-
posed with the potential to overcome the main barriers.

3.2. The workshop

After the interviews were conducted, the interviewees were invited
to participate in a workshop to discuss the feasibility of the proposed
model and co-create the detailed application to be more practical. There
were participants from the public sector, private sector, and residents, as
well as some professional experts. Participants from the public sector
included members of a municipal institution for promoting energy sus-
tainable development, the state housing bank, and the municipal gov-
ernment. The private sectors included representatives from the property,
construction, and design companies, as well as engineering consulting
companies, facility management companies, companies for organizing
multiple stakeholders, and energy performance contracting (EPC)
companies. They can provide expertise in multiple areas related to
building retrofit, as well as a mixture of experiences from various pro-
jects in Norway. The residents were mainly people living in apartment
buildings, which have great potential for building energy retrofit. They
can provide information about the buildings and surrounding environ-
ment, as well as their needs.

During the workshop, there was no set speaking order, allowing
participants to express their thoughts and ideas freely. At the same time,
knowledge from different sectors was shared, which facilitated further
discussion. Based on the needs and resources of each sector, participants
provided their opinions on how to overcome the barriers, use the re-
sources, and apply the PPPP business model. They analyzed the feasi-
bility of each aspect of the business model canvas and together decided
which element to add or remove. Finally, a revised version of the orig-
inally proposed business model was created. The whole process is shown
in Table 1.

The information was collected through different stages. In the
interview stage, the barriers for public, private, and people to conduct
the building retrofit from a real-life context were identified. For the
workshop, there were three stages: brainstorming, presenting ideas, and
negotiating the model. The participants first came up with suggestions to
overcome the barriers, without considering the limitations of the
methaod, implementation, and feasibility. The different ideas were then
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Table 1

The schedule of the interviews and the workshop.
Stage Time Methods Participants Focus
Interviewee selection 1 1%August-30th October 2019 Email, online searching, conference 23 Choosing interviewees retrofit
Interviewee selection 2 1st November-30th December 2019 A snowballing method 48 Figure out more interviewees retrofit
Conducting the interview 1st January-30th April 2020 Interview 39 Barriers of retrofit
Propose a suitable model 1st May-30th June 2020 Data analysis 9 Propose a suitable model
Preparing the stage for workshop 1st August-30th August 2020 Meeting presentation 22 Presentations
Workshop 1st September-30th September 2020 Brainstorming 15 Brainstorming
Workshop 1st October-30th October 2020 Present and discuss 15 Present and discuss
Workshop 1st November-30th November 2020 Negotiating 15 Negotiating

collected and shared with the other participants in the presenting stage.
Then, the feasibility and implementation of the ideas were discussed.
Finally, the participants negotiated the detailed application of the
business model canvas. By developing a model agreed upon by all three
sectors, most of their needs would be satisfied, which could increase its
likelihood of success. Thirty-nine people participated in the interviews,
and from this sample, 15 participated in the workshop. The number
decreased for two reasons. One is that the people needed to satisfy more
criteria, such as a complex background and empirical experience in a
similar project. Another reason is the lack of time and interest for
workshop discussions.

There are some limitations to the methods. One is the sample size.
Although the sample was chosen based on strict criteria, which offers
important potential for richer and higher quality data, the small sample
size might negatively impact the validity of the data by introducing bias.
On the other hand, this has allowed for the use of interviews, which can
lead to higher quality answers than for example surveys. Another
advantage is that it can lead to a deeper discussion about the topic. The
other limirtation is the country focus, as the interviewees in this study
mainly consisted of those based in Norway. The model has the most
potential to be applied in Norway and countries with similar back-
grounds, as the interviewees have a good understanding of the policies
and residents here. The validity of the model from an international
perspective could have been improved with the inclusion of more
countries.

4. Results
4.1. Public, private and people’s concerns for doing retrofit
The interviewees in the study are referred to by numbers as partic-

ipants 1-39, among which participants 1-19 represent the residents,
participants 20-32 represent the private sector, and participants 33-39

represent the public sector. The majority of the participants are highly
educated and between ages 30-50, with representatives from all three
sectors.

The results of the interviews shown in Fig. 2, the main concerns are:

(1) Financial barriers

Eighteen people representing the residential perspective expressed
financial concerns when investing in retrofit, which can be classified
into three categories. The first is lack of money to invest at the moment,
and unwillingness to increase current loans. The second is difficulty
applying for financial support from the public sector, which also is quite
limited, and the third is that many prefer prioritizing spending else-
where. As people participant 2 said “I need make smart investments. If I
invest in the building retrofit, I cannot buy a new car or switch for a bigger
apartinent.”

Eight private company representatives had concerns primarily based
on the financial barriers. Private participant 23 mentioned that their
company is interested in investing in energy retrofit, but that they lack
the financing to do so. There are also private companies that believe the
return on investment is too low, as participant 25 said “We have invested
in some building retrofit, but most of them are official buildings, we are not
investing in the residents’ buildings, they’re small and it’s not easy to get the
money back”.

All the interviewees from the public sector think their main concern
is low interest among residents to invest in building energy retrofit, and
that this is due to financial barriers.

(2) Lack of information sharing and consulting
Ten people expressed that limited information and knowledge are

key factors hindering them. For example, some citizens are worried
about the regulations for retrofitting. Some also wanted more

Financial barriers

Lack of information sharing and consulting
Lack of creative model and case

Risks to achieve the goal

Trust problem

Not easy to get the agreement among citizens
Negative influence

Time-consuming

Limited added value

Concerns about the payback time

)

o
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N
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<))
o]
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o
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Fig. 2. The baririers for conducting retrofit from people, private, and public.
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information about technical problems that may arise during the process.

Six private company representatives also believed lack of informa-
tion to be a major problem. Participant 27 mentioned that “Because there
is a lack of infermation sharing, different sectors do not know what resources
they can get from the others, especially the residents do not know how to get
support.” Participant 28 added that “There are barriers related to our
ability to provide the people with good information, for example, which kind
of retrofit they should do, how to do it, and how much they can benefit”.

Four representatives from the public sector believed there were
barriers related to information-sharing. Participant 36 pointed out that
the building owners usually do not have enough knowledge about the
buildings and business, and that they believe that it will take a lot of time
to find the information needed.

(3) Risk of not achieving desired benefits

Eight people had concerns about the risk of not achieving the desired
benefits, especially financial ones. First of all, the investment might not
pay off and has a long payback period. Participant 5 expressed that:
“Selling the apartment might not be worth it for a while, because after I invest
in the retrofit, I cannot get a good return on investment in a short time”.
Others pointed out that refurbishing might not be better than simply
buying a new apartment. Participant 8 stated that “There are a lot of
things that need repairing in old buildings, it also takes a lot of time, and
sometimes they are still not as comfortable compared to new houses”.
Furthermore, the value of the house might not increase to expected
values after the energy retrofit, and it is more difficult to sell when the
loan attached to the building is high.

Four private companies mentioned this problem. It is not easy to
achieve the energy goal from the construction aspect, and perhaps more
importantly, it is not feasible to control the behavior of the residents for
good energy performance. Participant 29 expressed that “It is very
difficult for us to promise a reduction when we need to control the way of
living and action. People’s behavior changes, and it is very difficult for us to
make contracts with citizens for residential buildings”.

(4) Limited resources, knowledge, and experience

Eight residents, four representatives from the private sector, and two
from the public sector believed the main barrier to be limited resources,
knowledge, and experience. Among the residents, People participants 12
and 15 expressed that they were interested in retrofit but did not know
how to get technical support from the public sector and did not have any
related experience. From the private sector, Private participant 32 said
that “We want to test the new business model for energy sustainability,
however, our main role is construction, we do not have the necessary con-
nections with the bank, so it is difficult for us to invest”.

(5) Lack of trust

Eight residents, six representatives from the private sector, and two
from the public sector thought that one of the barriers was lack of trust.
Some residents did not believe that the data from other cases were
suitable for their cases. Participant 16 said: “Sometimes I cannot believe
that the data from other cases can also be applied to my apartment, I do not
really trust the data from the providers, they just care about their profits”.
The sentiment was shared by participant 18, who said “I am not so
trusting of the advertisements because I am worried that they will cheat me. I
would like to hear from people I know .

There are also other barriers, such as concerns about the payback
time, limited added value, time spent on the retrofit, possible negative
side effects, and difficulty getting an agreement among the citizens.
However, these were mentioned by only a few of the interviewees, and
the paper will focus on solving the main barriers. The five concerns were
mentioned by all the sectors, while the others were only mentioned by
one or two interviewees and were therefore not considered a common
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concern.

4.2. The PPPP business model was proposed

The interviews suggest that the current business models are insuffi-
cient in providing a good way to finance building retrofit and that there
are problems with lack of knowledge, risk of investment, limited re-
sources, and lack of trust. Furthermore, there is a need for a partnership
with qualities from the public and private sectors as well as a residential
sector (people) that will increase retrofit in residential buildings. With
this in mind, a public, private, and people partnership (PPPP) business
model is proposed, which provides a new way to conduct energy retrofit
through a deep cooperation between the public, private, and people (see
Fig. 3).

In this model, the public sector, private sector, and the residents
compose a partnership for building energy retrofit. First, all partners
share their needs and resources for the building retrofit. Specifically, the
public sector provides political consulting and investment, the private
sector provides investment, construction experience, and knowledge,
and the residents provide investment and information about their needs.
The different sectors then negotiate the details around the application of
the business model and how the building retrofit will be carried out- it is
this negotiation that is important for building trust as the outcome
should be an agreement of terms on how the retrofit should proceed.
Once the building is complete, the investment is recouped through the
saving of energy in which the public sector, the private sector, and
residents will share the profits and risks according to the initial invest-
ment and the agreement between them.

4.3. Co-create the PPPP business model canvas through the workshop

After the PPPP business model was proposed and introduced to the
interviewees, 32 of them believed that the PPPP business model had a
high value in terms of solving the existing barriers and expressed interest
in developing the model. Eventually, 15 participants attended a focus
group meeting and formed the expert panel separated into three groups.
The panel was comprised of a wide spectrum of retrofit professionals,
with 3 participants from the public sector and government support or-
ganizations, 6 from the private sector, and 6 from the residents
(Table 2).

To develop the PPPP model, the participants co-created the detailed
application of the model through the dimensions of the business model
canvas. The result of the discussions was a PPPP business model canvas,
co-created according to the opinions and ideas of the participants
(Table 3).

(1) Key partners

For the people, the citizen board is regarded as a necessary key
partner, because they can share relevant information with the residents
in the building, collect their opinions, and represent them in decision-
making processes. In addition, it was argued that both residents with
and without interest in investing should be encouraged to participate in
this model. As private participant 3 mentioned, “it is better to add citizens
who are not interested in investment, then we can know the practical obstacles
we have in such a project”. As for key partners from the private sector,
facility management companies for building energy sustainable build-
ings are considered useful, because facility management companies can
play really important roles for the building retrofit, such as financing,
building relationships with the public, and knowledge sharing. The
consulting, design, construction, and maintenance companies are
needed because they have good experience with building retrofit. From
the public sector, the public support energy institutions are necessary,
because they can make or influence policies to a certain degree, create
strategies, and provide financial support.
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Fig. 3. PPPP Business model for building energy retrofit.

Table 2
The background of the participants in the workshop.

Group  Participants Sector Background Gender

1 Public public public support institution male
participant 1
Private private property company male
participant 1
Private private consulting company male
participant 2
People people residents female
participant 1
People people residents female
participant 2

2 Public publie public support bank male
participant 2
Private private multi-stakeholder organizing male
participant 3 companies
Private private construction company male
participant 4
People people residents male
participant 3
People people residents male
participant 4

3 Public publie municipality female
participant 3
Private private consulting company male
participant 5
Private private facility management male
participant 6
People people residents female
participant 5
People people residents female

participant 6

(2) Key resources

The public can provide consulting services on existing policies and
can create new policies and regulations for building retrofit. Public
participant 1 said, “Now we have quite strict energy regulations when
building the new house, but there are no rules when you refurbish older
houses, this is an opportunity to create the regulations with people and

private”. They can also provide information and consulting to answer the
questions from the residents. All participants from the public sector also
expressed willingness to provide financial support, as long as the retrofit
could improve energy efficiency. The private can provide information
sharing and consulting, financial support, and knowledge and experi-
ence. Almost all the private sectors can provide related knowledge and
experiences for the cooperation. Most private companies mentioned that
they would not provide financial support, as they thought the money
should come from the public sector and green banks, and only a small
part of private companies would consider contributing with a limited
amount. The key resources from the people are information about their
needs and financial investment. Private participant 5 thought that the
opinions of people were quite important to consider and that engaging
people was crucial.

(3) Key activities

The main activities include understanding the barriers and resources
from different sectors, presenting the findings, engaging people, build-
ing an open innovation platform, and conducting workshops. Deter-
mining the barriers and the resources of the different sectors before the
co-creation process is crucial, which can give a better understanding of
how to use the resources to satisfy the needs. For understanding the
barriers of people, public participant 3 mentioned: “a starting activity
should be a dialogue with the citizen board, so they can be facilitators to the
commuutities . People participant 3 also believed that convincing people
of the value of the investment was an important activity. In addition,
information can be provided by building an open innovation platform,
where different partners can share information and provide consulting.
People participant 4 thought a presentation would be needed to explain
the costs, benefits, and business model canvas, as well as statistical
analysis of the costs and savings. The final activity was for the partners
to discuss the detailed application of the PPPP model in a workshop.

(4) Value proposition

The value for the people includes financing support, energy-saving,
getting a comfortable living environment, and easy access to updated
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Table 3
The revised PPPP business model canvas for building energy retrofit.
Category People Private Public
Key partners Community board Facility management Public support
Citizens (with companies energy
interest and Consulting, design, institutions
without interest) operation,
in building retrofit  construction, and
maintenance
companies

Key resources Opinion

Investment capital

Investment capital
Knowledge and
experience
Information sharing

Policy consulting
services
Investment
capital and
support
Information
sharing

Key activities Understand barriers and necessary resources from different sectors
Presenting the findings of the previous activity

Engaging people

Build an open innovation platform

Conducting a workshop for negotiating of the nine aspects of the
business model canvas

Value Financial supports More opportunities to  Contributes to
proposition Energy-saving and interact with and achieving the
comfortable living build good energy reduction
environment relationships with goal by 2050
Efficient local municipalities Social
information Increase the product sustainability

updating and easy sales volume

access to related

consultants
Relationships Information sharing, co-investment, as well as co-benefit
Channels For raising awareness: (1) meeting (2) documents from experts (3)
familiar people (4) good example demonstrations
For evaluating value: (1) technical report (2) consulting
Revenue Lower electricity Energy products or
streams bill services sales
Revenue from
feeding excess
energy into the
grid
Potential increase
in house value
Cost Build the relationship between different partners
structures Build the online platform for information sharing and consulting

information and related consultants. The co-investment in the PPPP
business model can solve the financial barriers by dividing the financial
investment between different sectors, and energy-saving lead to lower
electricity bills and a higher energy rating for the building. Another
value for the citizens is getting a more comfortable living environment,
such as heating, stillness, spaciousness, and low electricity use. People
participant 4 thought that frequently updated information and easy
access to related consultants were important, “It will save lots of time
checking different knowledge from different places, in the PPPP model, we
can easily access to this information”. The value for the private sector
mainly comes from building relations with people and the public sector
and increasing the product sales volume. Building relations is important
for private companies, as it can lead to more contracts with the gov-
ernment and residents. Private participant 5 mentioned that “People are
more willing to buy the apartment, which is developed through the coopera-
tion of the public and private sector, as the public sector always receives more
trust, leading to a higher profit for the private”. The value for the public
sector is to get closer to achieving their energy goals as well as social
sustainability. Public participant 2 also pointed out that “the retrofit can
create jobs, which is good for the community. By giving people more con-
tracts, they create more work, which generates more taxes, which is good for
the entire the community”.
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(5) Relationship

All the participants agreed that the PPPP cooperation can promote
building relationships between the sectors. The types of relationships
include information sharing, co-investment, and benefits sharing. In-
formation sharing between private and people can involve residents, as
private participant 4 said “If the private sector works for the people to
present themselves as green developers and give information related to the
retrofit, the residents will more willing to cooperate with the private”. In-
formation sharing between the private and public sectors can promote
more opportunities for cooperation. Private participant 3 and people
participant 4 both expressed that co-investment is the core relationship
for the model. The co-investment relationship leads to the benefit-
sharing relationship and using the model, all three sectors can benefit.
For people, it is easier to get relevant information and financial support
from the public with cooperation. Public participant 3 mentioned “we
want to assist all the building owners. We can hold several information
meetings for people. In addition, we conduct marny orne-on-one meetings with
building owners, consultants, architects and planning authorities each year to
try to provide help . For the private sector, private participant 1 believed
the relationship between private and public could be quite useful and
expressed that a good relationship with the public would likely get them
more contracts. For the public, they can get social sustainability, the
cooperation can create more job opportunities, which increases the tax
revenues and is good for the community.

(6) Channel

The channels for raising awareness are meetings, documents from
experts, acquaintances, and demonstrations of good examples. People
participants 2, 4, and 5 thought the meetings were an especially
important channel. On the other hand, People participants 3 and 6
believed that presenting documents from experts was the best way
because they could just focus on the data they were interested in,
without it requiring a lot of knowledge and time to understand. People
participants 1, 2, and 4 stated that if people they knew had successfully
conducted the retrofit, they would be more interested in doing it
themselves. Private participants 1, 2, and 5 believed that showing good
examples of past projects could be an effective method. Private partic-
ipant 1 mentioned, “we need show residents good examples and show what
happened in each example and the scenarios, give them ideas about how can
we learn from this case and how the lessons can be applied in our cases. ”.

For evaluating the value of the retrofit, the main channels are tech-
nical reports, consulting, and meetings. People participant 2, 3, 4, and 6
expressed that a technical report could help them evaluate the value of
investing in retrofit, as participant 6 mentioned: “If you make a detailed
calculation of the expected investment and profit in a technical report, I can
see more clearly what 1 am investing in”. People participants 1 and 5
thought the consulting platform would be useful. While meetings and
reports can provide a general overview, consulting is needed for case-
specific problems. In addition, people can seek help from experts on
the platform that they trust.

(7) Revenue streams

For the people, the revenue can come from lower electricity bills,
revenue from selling excess energy into the grid, and a potential increase
in the value of the apartment. The first and direct revenue is the decline
of the energy cost, which leads to the lower electricity bill. Another
revenue from selling excess energy back to the grid or to the neighbor, as
people participant 4 mentioned “T will add the PV panel for an energy
retrofit, we have really big roofs, we could actually get enough energy, if we
can sell the extra energy to the grid or the neighbor, I will get more money”.
Some participants mentioned that the increased high energy perfor-
mance would increase the value of the apartment.

For the private, the main revenue comes from the sales of energy
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products or services during the project. In addition, discussions with the
consumers can improve customer relations and give a better under-
standing of their needs, which in turn could increase the sales volume
even further. The public sector cannot get revenue directly but can
promote building energy projects, which can lead to long-term energy
efficiency.

(8) Cost structures

In addition to the costs of the building energy retrofit itself, the main
costs come from building the information-sharing platform and building
the relationship between the different sectors. Private participant 3 and
public participant 2 believed that getting the consulting work done
would cost a lot of money, because it would require many experts within
a wide range of subjects, as private participant 3 mentioned: “the most
costly one is to get all consulting work done, due to there being different
sectors that need to prepare all the related project documentation”. Private
participants 2 and 4 expressed that building relationships also would
require a lot of money and time and is sometimes not easy.

5. Discussion

The main goal of this paper is to co-create a suitable business model
to overcome challenges in building retrofit and improve the social
acceptance for it. 39 deep interviews were conducted to determine the
main barriers. The financial barriers and information sharing barriers
account for most of the answers, and these two barriers were mentioned
by all the sectors. This result provides a clear direction for which barriers
should be the main focus when developing the business model. The
findings are also consistent with existing research, as the problems
related to financing, information sharing, and concerns of risk guaran-
tees are all mentioned in existing research [13-15]. However, this result
also brings new insight about the barriers from the perspectives of
different sectors, which can give a deeper understanding of the issue.

For (1) financial barriers, the co-investment from public, private, and
people can divide the high initial costs into more affordable sums, which
will increase the likelihood of getting investment from more partners
and reduce the individual risks, as different sectors have different
sources of financing [62]. In contrast, the host-owned model can get
some financial support from the public sector to cover 20-30% of the
costs, the cost is still very high [55]. The EPC model can solve the high
initial cost problem, however, relying on the private sector in Norway is
not as suitable [55]. This is because few pilot cases, lower profitability
due to cheap hydropower, and long payback times make it risky for
third-party companies to invest in residential buildings [65]. Co-
investment and co-creation can solve (4) limited resources, knowl-
edge, and experience by sharing each sector’s unique resources and
knowledge with each other.

For (2) limited information, building an information-sharing plat-
form among public, private, and people can be useful. On the platform,
all parmers share their needs, resources, information, and can ask
questions and seek to consult. The platform should have a wide range of
up-to-date information on building retrofit and be easily accessible for
the residents to save them time. It should also facilitate the information
flow across different sectors, which can improve both the knowledge
and the relationship between the sectors [34]. The information from all
three sectors can give a more complete picture for building retrofit than
the existing models. The hostowned model does little to spread
awareness about available policies and incentives, and the building
owners need to find the information by themselves. The energy company
in the EPC can take the role of an educator to help citizens understand
the benefits. However, the energy company is often regarded as an
“outsider” and often needs to first establish a trust to lend credibility to
their information [81].

For (3) risks about the achievement of the expected energy effi-
ciency, the PPPP can reduce the risk for each stakeholder by dividing the
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costs between the three sectors. More importantly, it can also reduce the
overall risks by allowing participants to make better-informed decisions
based on knowledge from three different sectors [63]. Furthermore, the
cooperation of three sectors often has a better ability to overcome un-
foreseen events in the installation process, because each sector has
different types of experiences and resources, leading to better flexibility
[31,62,64,65]. The host-owned model has the highest risks among all
the models, as the building owners themselves have to fund the main
portion of the high initial costs. In the EPC model, citizens pay a renting
fee to the energy company, which takes the main risks for the citizens
and takes responsibility for maintenance. However, this only shifts the
risks from the people to the private sector [87].

Fifteen participants discussed the business model canvas in detail
and co-created it by applying their knowledge and experience in
building retrofit. The co-creation process facilitated the most knowledge
and suggestions, which led to a joint understanding of the different
sectors. The co-created PPPP business model canvas is likely more
suitable to the market, because it is not purely theoretical bur also based
on the participants” experiences and understanding of the market.

The co-creation process among the people, private, and public sec-
tors has the potential not only to co-create a PPPP model to face the
barriers in the residential building retrofit but also improve the social
acceptance for it. The final PPPP business model takes into consideration
the needs, suggestions, and resources from people, private, and public
sectors, especially focusing on the needs of local people, which could
lead to improved social satisfaction. All the participants from the
different sectors were satisfied with the model and expressed a high
likelihood of participating if a real case was organized. In addition, it
involves the suggestions from a real-life context in different stages
instead of pre-established planning. The final model is made through
three rounds of discussion through brainstorming, presenting, discus-
sion, and negotiation, by participants with rich experience. This itera-
tive process makes it better suited to face the complex challenges in
building retrofit. Furthermore, it has the potential to establish new
cooperation among the different sectors through communication during
the co-creation process. Finally, the co-creation process can increase the
awareness for building energy retrofit. Instead of relying on show, it
leads to a more hands-on approach, which can be effective in educating
the participants.

There are also other limitations to the co-creation of the PPPP
business model. The first barrier is engaging the citizens. Government
departments can provide corresponding institutional guarantees and
enforcement rights, and private companies can provide investment
capital and operational management experience, but citizens have
neither the authority nor the money, making it difficult for them to have
an equal position. Moreover, ordinary citizens rarely have enough
knowledge to participate in the discussions, and often fail to provide
effective strategies. This is mainly due to lack of the time and incentives
to participate, lack of knowledge and skill to co-create with others, and
lack of confidence to get an agreement. The second barrier is the
communication barrier due to the different levels of knowledge in each
sector [66]. To communicate and participate in discussions, a basic
understanding of the topic is needed amongst all partners. The third
barrier is the time and investment it takes to reach an agreement for all
partners during the process of co-creation and co-implementation of the
new business model [22]. There are many aspects that need to be dis-
cussed and negotiated, as the participants likely have different goals and
concerns. It will require a large investment to co-create a new business
model that engages many different partners. The main costs will be the
costs of building relationships between public, private, and people
through meetings and workshops, building the online platform for in-
formation sharing and consulting, and organizing activities such as
surveys and interviews.

With that being said, there are still opportunities to apply the PPPP
model. In recent years, many different types of partnerships involving
citizens, such as community engagement, multi-stakeholder
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partnership, and public-private-people partnership, have been gradu-
ally receiving more attention for their use in sustainable development
[67]. In addition, there has been increased awareness on the importance
of balancing financial, environmental, and social development, and
achieving this requires co-creation between the sectors, making the
PPPP model a suitable candidate. The awareness of balanced develop-
ment of financial, environmental, and social development under the
building retrofit, will promote the cooperation of different sectors [41].

The PPPP business model for building retrofit has the most potential
in countries or regions that meet some basic conditions. First, it requires
a large number of citizens with a high interest in energy sustainability,
as people in these areas are more willing to participate and express
related opinions. Second, there should exist some building energy
clusters, including public bodies, industries, and private businesses, and
citizens, to achieve efficient innovative cooperation with joint partners
[68]. Finally, it is beneficial if there already exist regulations supporting
cooperation between people, private industry, and public sectors [58].

6. Conclusion

Building energy retrofit is not only an efficient approach to increase
energy efficiency through technical installations, but also has great
potential to improve social acceptance through co-creation. Hence, the
main goal of this paper is to co-create a suitable business model to
overcome challenges in building retrofit and improve the social accep-
tance for it.

The most important contribution of this paper is the proposal of the
public—private-people partnership (PPPP) business model as a potential
model to promote the building refurbishment market, based on the
identified barriers and solutions, as well as the analysis of the differences
among different models. It can divide the high initial costs into more
affordable sums, facilitate the information flow among different sectors,
and involve all three sectors to receive different resources, knowledge,
and experiences to better handle unforeseen events. Another main
contribution is that the paper for the first time identified the barriers for
building refurbishment from the angle of public, private, and people,
which provides a full picture of the barriers. This is important because
all three sectors play a significant role in building retrofit. It extended
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existing research which only focused on the barriers from one or two of
the sectors.

To make the model more suitable for practical use, fifteen partici-
pants from the public, private, and people with rich experience in
building retrofitting participated in a workshop detailed discussed and
co-created the PPPP business model canvas, which can provide a sys-
tematic method to apply the PPPP business model. The final PPPP
business model canvas was designed and supported by theory and
empirical experience, which makes it better suited for real-life appli-
cation. The PPPP business model has the most potential in countries and
regions with citizens with high interest in energy sustainability, and
barriers in building retrofit similar to the ones discussed in this paper. If
successfully applied, the model may be used to stimulate the market for
building retrofit, which could contribute significantly to reducing car-
bon emissions from building sectors and promiote energy sustainable
development.

Still, there are some limitations to this research. Although the par-
ticipants of the interviews and workshops were chosen based on striet
criteria, the small sample size might negatively impact the validity of the
data. In addition, citizens in the co-creation process still tend to have less
impact on decision-making than their counterparts in the public and
private sectors and reaching a final decision can be time-consuming. For
further research, more workshops with participants from a wider range
of backgrounds and different countries are needed to obtain more ac-
curate results. In addition, case studies applying the model should be
conducted in different countries to further refine the business model
canvas. The model should be refined continuously and iteratively
through workshops and case studies, as new insight can always be
gained from previous iterations of the model and potential case studies.
To increase the citizens’ participation, as well as improve their role in
decision-making, more research is needed on managing relationships in
PPPP.
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