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Abstract: In China, energy efficiency retrofit of residential buildings is entering a new stage in which
homeowners are the main subject. In order to investigate homeowners” willingness to invest and
to analyze its influencing factors, interviews and a questionnaire survey were conducted in central
Tianjin, China. The results show that homeowners have a certain willingness to invest in energy
efficiency retrofit but that their willingness to pay (WTP) is far from enough to cover the total cost.
Among the influencing factors, the homeowner’s age, education level, and retrofit experience as well
as the age and floor area of their home are significantly related to their WTP. The reasons for the
impact of these factors are further discussed, including the influences of China’s previous housing
policies and retrofit policies. Policy recommendations to promote investment by homeowners are
suggested based on the findings.

Keywords: energy efficiency; residential retrofit; willingness to pay; homeowner

1. Introduction

Residential buildings in China account for a significant share of the end use energy
consumption. High level of energy consumption in residential buildings has an adverse
impact on both residents’ living conditions and the national strategy of energy conservation.
Energy efficiency retrofit of residential buildings can decrease the cost of heating and
cooling as well as improve the indoor thermal comfort level. Currently, a large amount of
energy-inefficient residential buildings needs to be retrofitted in China. In the previous
energy efficiency retrofit projects, the homeowners rarely make contributions. In the
recent years, the State Council of China has been exploring new financing mechanism
of residential retrofit. The initiative and the cost will be shared by the residents, the
government and other stakeholders together, and the pure government-led model will
be replaced. In order to help policymakers to design the new mechanism, it is crucial to
understand and analyze homeowners’ willingness to pay and its influencing factors.

Energy efficiency retrofit of existing residential buildings is an important target of the
national strategy of energy conservation [1]. It can improve the energy performance of
the building and the living conditions of the residents [2]. In China, there are more than
100 million residents living in 170,000 existing residential districts built before 2000. Most of
apartment buildings in these residential districts need a comprehensive retrofit, including
energy efficiency retrofit. The MOHURD (the Ministry of Housing and Urban-Rural
Development) had started pilot retrofit projects in 15 cities since 2017. Until December 2018,
a sum of 106 pilot projects had been carried out [3]. Following that, many retrofit projects
have been completed in China. However, there are still a great number of residential
buildings awaiting to be retrofitted.

In the current situation of energy efficiency retrofit, the responsible subjects and
benefited subjects are misaligned. The stakeholders involved in the process include the
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government, design and construction companies, heat supply companies, residents, and
financing companies. Homeowners are the direct and main benefited subject, as the retrofit
will not only improve the energy efficiency and comfort level but also increase the value
of their homes [4]. However, homeowners are seldom systematically involved in retrofit
projects. In the past decades, retrofit projects have been carried out under a government-led
model as a political task. The government takes the major initiative [5], while homeowners’
participation ratio is low [6]. The current mechanism, which had caused increased pressure
for the government in terms of managing and financing the retrofit projects, is unhealthy
and unsustainable [7].

In recent years, more reasonable processes and financing mechanisms of retrofit have
been discussed by experts and researchers. Previous studies have shown that homeown-
ers’ investment and participation is essential in boosting the energy efficiency retrofit
of residential buildings [8]. China’s government has also realized that the homeowners’
responsibilities need to be fulfilled. In 2020, the General Office of State Council in China
published the principle of “who benefits, who contributes” to promote the implementation
of homeowners’ capital responsibilities [9]. The detailed mechanisms of financing are being
discussed. For the new mechanism to function healthily, it is necessary to find a way to
encourage homeowners to invest. In order to provide references for the government to
propose targeted policies and regulations to encourage homeowners, their willingness
to make investment and its influencing factors on energy efficiency retrofit need to be
analyzed [10].

Both qualitative and quantitative methods have been used to study homeowners
willingness to invest in energy efficiency retrofit [11,12]. The former, which usually include
interview and focus group, can be used to investigate homeowners’ barriers and motiva-
tions and to understand their attitudes and willingness from a broader view. The latter, on
the other hand, is more commonly realized by using a questionnaire survey and aimed to
estimate the WTP and to measure the extent to what the potential influencing factors can
affect the intention.

The primary function of qualitative studies is to generally understand factors influ-
encing the willingness to make investment, especially factors that are hard to be quantified.
Previous qualitative studies mainly focus on the stated motivations and barriers. Friedman
studied Israeli homeowners’ concerns and found they worry about small direct economic
benefits and long payback period [13]. Klockner found the main reasons for Norwegian
homeowners not to make investment towards retrofit were long construction period and
“the feeling that the right time has not come yet” [14]. Alberini believed both homeowners’
resistance towards the construction work and their concern about energy prices have a
negative influence on their willingness to make investment [15]. High upfront cost has
been identified as a barrier in Switzerland [16], Germany [17], Denmark [18] and the United
States [19]. However, Wilson and Jakob did not find it to have a significant influence on
homeowners in the UK and Switzerland [20,21].

Among the quantitative methods, a common approach is to evaluate homeowners’
WTP. This approach has been widely applied in the microeconomics domain, and has
been introduced into the research area of building retrofit. It can contribute by exploring
homeowners’ willingness to make investment, quantifying the monetary amount that they
are willing to pay for a certain project, and revealing its relevant factors [22]. There are
several methods to collect the consumer’s WTP. Considering residential energy efficiency
retrofit’s nature as an uncommon good, calculation by consumers’ stated preference col-
lected through surveys has been most commonly used [23]. Banfi, Achtnicht, Kwak, Vance
and Collins have respectively estimated residents” WTP for energy efficiency retrofit in
several countries, including Switzerland [16], Germany [17], Korea [24], Germany [25]
and Ireland [26]. Researchers in different countries has reported deviated survey results.
The results of the WTP can also be reported in diverse ways. For example, Banfi used the
proportion of the dwelling’s value, Kwak measured it by US dollars, and both Vance and
Collins calculated residents” WIP by per kWh per year.

’
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It is also necessary to analyze the correlation between several potential influencing
factors and homeowners’ willingness to pay. These factors can be categorized as follows:
respondents” individual factors (biological and social attributes), building features of the
home, policy factors and other factors. Among respondents’ individual factors, age is
usually identified as a negative factor, while education level is often positively related to the
WTP. There is no consistent result for income level and gender. According to the studies of
Achtnicht, Nair, Poortinga, and Gamtessa, elder homeowners in Germany [17], Sweden [27],
the Netherlands [28] and Canada [29] are less willing to make investment towards energy
efficiency retrofit. Achtnicht and Nari agreed that higher education level would bring
higher WTP [17,27]. Some researchers believed that income will influence investment
behavior in Denmark [30], the United States [31-33], and the United Kingdom [34], while
others did not find a significant correlation [35,36]. Banfi found high-income families are
more willing to make investment towards energy efficiency retrofit [16], while Gamtessa
believed low-income population in Canada is more willing to make investment to gain
profit [29]. Phillips suggested that people affected by energy poverty cannot afford the
cost of energy efficiency facilities [37]. Lacking knowledge and information about energy
efficiency retrofit is considered as a negative influencing factor [38]. Among residential
building features, it is commonly suggested by previous studies that the higher the age
of the building is [15,20], and the lower the thermal comfort level is [21,39], the more the
residents” willingness to invest in energy efficiency retrofit would be. As for the floor
area of the building, Gamtessa believed it to have a negative influence on the WTP [29],
while Nauleau holds the opposite opinion [40]. In addition, both residential building’s
climate region and its location in the city can affect WTP [41]. The delivery method of the
questionnaire would also influence residents’ opinions [42].

In terms of policy factors, governments of many countries and regions provide finan-
cial incentives to promote energy efficiency retrofit. However, it remains a debate whether
these measures are efficient. Some researchers believed these financial incentives can
stimulate energy efficiency retrofit. Some suggested higher subsidies can help to execute
more retrofit projects [13], while some others are against this idea [43].

Qualitative and quantitative studies can reinforce and complement each other. Inter-
view can help to have a general idea of homeowners’ attitude and willingness towards
investing in retrofit, but cannot it can neither distinguish the most important factors, nor
identify the factors that can be generalized to a larger population. Quantitative studies
can help to reveal the statistical correlation, but there are also some drawbacks. Firstly,
statistical correlation does not equal to logical causality. Secondly, in homeowners” invest-
ment decisions, there are many factors that cannot be quantified. Some factors could even
play a one-vote veto role. The analysis of homeowners’ willingness needs a combination of
qualitative and quantitative methods.

A combined discussion can reveal underlying reasons for the influencing factors. For
example, researchers have found different explanations for elder homeowners’ lacking
willingness to make investment: Mahapatra believed they are not sure if the investment
would pay back during their residence period [44], Black believed they concern less about
the energy situations [31], Poortinga believed they are also low-income population [28],
and Lindén believed they have less knowledge about energy-saving measures [45].

Some domestic studies have also touched upon energy efficiency retrofit’s financial
aspect. For example, Yuming studied how to promote energy efficiency retrofit from a
national economic policy perspective [46], and Yi discussed the promotion of heat meter-
ing [47]. However, there lack studies focus on the homeowner’s perspective. Facing the
upcoming institutional reform, in which homeowners will become the main body of energy
efficiency retrofit, it is more necessary than before to analyze and summarize homeowner’s
attitude and intentions. The findings of this paper can fill the gap in previous studies.

The aims of this study are to explore the possibility for homeowners to make invest-
ment towards energy efficiency retrofit of their home by evaluating their WTP and to reveal
the factors that influence their decision. The findings can provide references and directions
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for policymakers to design administrative measures to encourage homeowners to invest, so
that the funding structure of an energy efficiency retrofit project in China can be optimized.
A healthy funding structure promotes rapid progress of energy efficiency retrofit, and
then, considerable energy can be saved. In the second section, the current situation of
residential energy efficiency retrofit in China and Tianjin will be introduced, followed by
backgrounds of the current policy and typical building characteristics. The third section
presents the methodology. The fourth section describes and analyzes the results. Based on
the results, the fifth section discusses the possibility for homeowners to invest in retrofit
and propose potential policy incentives. The final section gives conclusions and suggests
further research directions.

2. Research Background
2.1. Residential Energy Efficiency Retrofit in China

Building energy consumption accounts for 21.10% of the total energy consumption in
China. The energy consumption of residential buildings in cities and towns is 361 mtce per
year, which is 38.09% of the whole building sector [48]. Because of the climate conditions
and economic level, both of the total building energy consumption and its composition
vary among different regions. Building energy consumption is significantly higher in
economically developed cities in the northern heating region [48]. Due to the low level of
construction quality and design standards, most of the residential buildings built before
the 2000s are energy inefficient. The insulation performance of the external walls is approx-
imately 1/3 of that of similar buildings in developed countries on the same latitude [49].
The situation is even worse in north China. Compared to similar buildings in the global
north, the heat loss of the external walls is 3-5 times, and that of the external windows is
2 times [50].

According to Special Planning for Medium and Long Term Energy Conservation
(National Development and Reform Commission, 2004), compared to reference building
built in the 1980s, newly-built and retrofitted buildings should reduce energy consumption
by 50%. The standard has been upgraded to 65% later. During the 13th National Five-Year
plan, energy efficiency retrofit in the northern heating region should be finished by 2020.
However, the target is not reached until now. Meanwhile, the ”65%” standard of China
only equal to the standard in Germany in the 1990s, and higher standards is expected soon.
There is still great energy-saving potential in the retrofit of existing buildings.

2.2. Residential Energy Efficiency Retrofit in Tianjin

The measures of residential energy efficiency retrofit depend on the building’s features
and the climate environment of the region. In this study, the data is mainly collected in
Tianjin, a city that has a warm temperate semi-humid continental monsoon climate. Based
on the division of five climate regions in China, Tianjin is located in the Cold Zone, where
the winter is cold and dry and the summer is hot. In this region, the design code of
residential buildings acquires good thermal insulation and heat supply in winters.

Currently, the existing housing stock in Tianjin is 226 million square meters, among
which 48% are built after 2005 and thus can meet the newest energy conservation standard.
The rest were built before 2005, among which 37% were built between 1996 and 2007, and
have long lifespan expectancy as well as large retrofit potential. Apart from the poorly
insulated building envelop, these residential buildings also cannot meet the demand of
residents in terms of function, usable area, construction quality, etc. In Tianjin, the district
heating system is widely applied as a compulsory urban infrastructure. Currently, the cost
of district heating is calculated by the floor area.

Large-scale efficiency retrofits started to take place in Tianjin in 2006. A total of
61.2 million square meters of residential buildings have been retrofitted by 2017. Main
energy-saving measures include building insulation such as wall insulation, roof insulation,
balcony and staircase insulation, replacing doors and windows; improvement of heating
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supply system efficiency; heat metering. However, in practice, most of the heat metering
devices, which were funded by the local government, had never been used [51].

2.3. The Transformation of China’s Housing Policy and Forms

The form of housing property and market price also has an impact on homeowners’
investment. In the past decades, China’s housing market has experienced a complete trans-
formation. During the 1950s to 1980s, under the welfare housing policy, the property right
of land and residential buildings belongs to either the country or state-owned enterprises.
In 1980, the housing commercialization policy was put forward. The physical housing
allocation system was terminated in 1998, and housing in cities and towns transformed
from welfare products to commodities. The tenants of welfare housing can purchase
housing property from the government and become homeowners. In the past 30 years,
because of the large-scale construction of commercial housing and the privatization of
welfare housing, the proportion of private housing has increased rapidly.

The most common form of housing in cities and towns in China is multi-unit apart-
ment buildings. The property right of each unit belongs to a private homeowner, and
all the homeowners of one apartment share the property right of common areas, such as
the staircase and the basement. Therefore, most energy efficiency retrofit measures need
to be carried out towards the entire building, including both private and common areas.
According to the Civil Code of the People’s Republic of China, large-scale maintenance
such as energy efficiency retrofit can only be executed with the agreement of more than
2/3 co-owners.

After China’s Reform and Opening-up, because of the rapid economic growth, China’s
building standard of residential buildings has been improved to meet people’s growing
demand for living conditions. The floor area became larger and the construction quality has
been enhanced [52]. There is also an improvement of the residential building’s structure
and material, which would bring an increase in both housing quality and comfort level [53].

3. Methodology

The methodology of this study consists of two parts. The first part is the in-depth
interview of homeowners. After being provided some necessary knowledge and informa-
tion, the homeowners were asked about their attitude towards energy efficiency retrofit,
their intention to invest in it, and the drivers and barriers that they were concerned about.
The second part is a questionnaire survey based on the literature review and the results of
in-depth interviews. In this part, residents” willingness to pay and its influencing factors
are revealed and quantified.

3.1. In-Depth Interview

The study was carried out in the city of Tianjin, one of the four municipalities directly
under the jurisdiction of the central government of China. It is a typical metropolis in the
Cold Zone of China with a population of 15,596,000 (data from 2018). The interviews were
conducted in the city center, where residential buildings built in different eras can be found.
In order to achieve maximum diversity, 14 residential districts built in the 1980s, 1990s and
21st century were selected, including retrofitted ones and unretrofitted ones.

The data collected from this approach was mainly from face-to-face interviews and
observation. The idea of data sampling is to select as representative as possible interviewees.
The quality of the conversation is more important than the quantity, thus the whole process
will be terminated if no new idea turns out [54]. To ensure that the interviewees have a
full understanding of the residential condition, their length of residence must be no less
than three years. The proportion of respondents with and without retrofit experiences was
also balanced to represent both of these groups. Homeowners were interviewed in the
selected residential communities at outdoor places that are suitable for a short-time stay
and chat. In order to ensure the diversity of the sample in terms of social-demographic
characteristics, the interview was carried several times in different periods of the day.
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As mentioned above, the main purpose of the interview is to guide the homeowners
in expressing their concerns about the retrofit and their barriers and motivations. All
questions were designed to achieve that purpose. In order to design the guideline for
the interview, a pilot interview of two homeowners and two professionals with energy
efficiency retrofit experiences was carried out before the formal semi-structured interview.
The formal interview consists of two parts. The social-demographic characteristics of the
respondents and the feature of their residential buildings were asked at the beginning,
followed by a themed interview. As shown by the flow chart (Figure 1), the respondents
were asked to describe their drivers or barriers towards energy efficiency retrofit, as well as
their intention to invest. Then, the interviewers would ask them more questions based on
their profile and their answers. All the questions were focused on the possibility to invest
in retrofit and its influencing factors.

Have you ever heard about EERRB*?

< @

How much do you know about EERRB? | Have you ever experienced EERRB?

| Are you satisfied with the result? |

................... I

! Give a supplementary introduction of EERRB by interviewer (if necessary) |

Cesibaidediiadiican o R
|

| What kind of attitude do you hold toward EERRS organized by Govemment?

Are you satisfied with the energy performance and thermal comfort level of your home?

[

|V'/omd you like to invest in Energy Efficiency Retrofit of your own home if the energy performance and thermal comfort level could be xmpmve(ﬁ?l

Please state your motivations of investment? I [ Please state the reasons why you would not invest? I Please state the reasons why you hesitate? |

| |

I Further questions depending on the circumstances I

Figure 1. Structure of prepared questions at the beginning of interview. EERRB* stands for energy
efficiency retrofit of residential building

From June to July 2019, a sum of 24 homeowners (15 female, 9 male) in the target
residential communities were interviewed (see Appendix A). Their age ranges from 30 to
75 (M =52.25, SD = 14.57). Their properties were built from 1983 to 2002. All the interviews
were carried out in Mandarin Chinese. The length of the interviews was from 20 minutes
to 40 minutes. The transcripts were transcribed into electronic documents.

3.2. Questionnaire

The questionnaire was allocated randomly face to face in the same area of in-depth
interview and then collected on the spot. Any questions posed by the interviewee could be
answered in time. Auction was used to investigate the respondents” willingness to pay [23].
We firstly introduce the approximate cost and benefit of the retrofit. Since heat metering
is not yet executed successfully in Tianjin, the questionnaire was under the hypothetical
premise that the heating supply company will decrease the cost by the energy performance
of the home after the retrofit. It was made clear to the respondents that undertaking the
retrofit would take both time and monetary cost, and that they would benefit from the
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increased value of the property and the improved living comfort level. Then they were
asked to indicate how much they would like to pay for the retrofit. They can choose from
707, 720%"”, ”"50%"”, ”80%"”, and “100%" of the total cost of the retrofit.

Based on the literature review and the analysis of the interview results, some factors
that may influence their willingness to pay were presented in the questionnaire, including
the following three aspects: the feature of the home, such as floor area, year of build, etc.; the
social-demographic characteristics of the respondent, such as age, gender, highest education
level, and income; the respondent’s experience and opinion about energy efficiency retrofit.
Each factor was designed and incorporated into the questionnaire as a radio button or
fill-in-the-blank question (see Appendix B).

A pilot survey of 10 respondents was carried out prior to the massive allocation.
After collecting 50 copies, the questionnaire was evaluated and adjusted based on the
existing answers to ensure the respondents’ sufficient understanding of the questions. A
total of 484 questionnaires were distributed, and 367 valid questionnaires were used in
this paper after screening based on verification questions and completeness. The sample
contained 221 female and 146 males (M age = 40.29; SD = 12.69 years). The age and gender
distributions of the respondents are shown in Figure 2.

100% Female

8.0%

Percent

0%
23 25 27 29 31 33 35 37 239 41 43 45 47 49 51 53 55 57 60 66 70

Age

Male

10.0%

Percent

4.0%

0%
20 22 25 27 29 31 33 35 37 39 41 45 47 49 51 53 55 58 63 67 70 74

Age
Figure 2. Age and gender distribution of the respondents.

The education level distribution of the respondents is shown in Figure 3. The sample
characteristics were more representative of the central area than the city of Tianjin.
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400%

300%

200%

o l
0% .

Figure 3. Education level distribution of the respondents.

Percent

4. Results
4.1. Results of In-Depth Interview
4.1.1. Homeowners’ Knowledge, Attitude, and Willingness to Invest

Most of the interviewees indicated that they have some knowledge about residential
energy efficiency retrofit. They have gained knowledge by media, posters, and slogans
in the residential community, communication with friends, or internet social media, etc.
Those who have undertaken a retrofit have a deeper understanding of the retrofit measures
and expected outcomes, and some even have professional knowledge such as the structure
and material. Meanwhile, they have a diverse attitude towards energy efficiency retrofit.
Most of the interviewees are positive about the target of the retrofit, while the others show
no concern. Some interviewees that have participated in government-led retrofit projects
even expressed their disappointment about the construction quality, retrofit outcomes,
and the efficiency of the government. Part of the interviewees is satisfied with the current
energy performance, while others expect it to be improved.

Talking of the willingness to invest, only 6 interviewees indicated that they are willing
to bear part or the entire cost. Among them 3 mentioned that they have already retrofitted
their home on their own expenses: R2 insulated the interior walls, R23 and R24 replaced the
heating radiator. There were 13 interviewees that do not want to invest, and 5 interviewees
were not sure before they have more information.

4.1.2. Drivers and Barriers for Making Investment

Drivers:

The most common drivers are comfort level and financing, and the former was
mentioned far more than any others. As mentioned by the three homeowners who have
spontaneously retrofitted their homes, because of the poor insulation performance or
insufficient heat supply, the indoor temperature was not warm enough. Thus, they hired
professional companies to retrofit their homes for a better indoor comfort level. The other
three homeowners showed similar concerns and have not taken action yet.

R24: "The cost of the retrofit is hardly comparable to the current housing value. My main
concern is the comfort level.”

When asked about the economic benefits of the retrofit, interviewees were not sure
about how this can be achieved. After the interviewer introduced possible economic
incentives for energy efficiency retrofit (such as government subsidies, reduced heating
costs, and increased market value of the property), some homeowners expressed their
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willingness to change their minds and consider investing in retrofit if the economic benefits
can be obtained.

Different from others, R4 expressed the reason for the willingness to invest as, if the
energy efficiency retrofit is promoted by the government, then it is reliable and thus he
would be willing to support it.

Barriers:

Compared with the drivers, more barriers were proposed by the interviewees in the
initial stage and the targeted questioning stage of the interview. These barriers can be sum-
marized as personal factors, housing factors, responsibility definitions, and policy factors.

The most mentioned personal factor is insufficient funds. Some homeowners have a
sufficient understanding of the advantages and processes of energy efficiency retrofit but
cannot afford the cost.

R13: The retrofit is indeed a good thing, and 1 have also learned that the retrofitted home is
more comfortable, but I have no money for that.

When asked whether they would accept targeted loans provided by banks, some
homeowners expressed their willingness to take loans for retrofit. Another barrier that was
often mentioned was the age of the homeowner. Some homeowners said that considering
their age, it is not sure how long they can continue living in the current home, and there is
a chance that the investment towards retrofit is not worthwhile.

R9: The insulation of the current home is really not good, and I also hope to live in a more
comfortable place. But since I am already at this age, I don’t know how long I can continue living
here after spending so much money.

In terms of housing factors, some homeowners said that they are very satisfied with
the current indoor environment and there is no need for retrofit at all. Other homeowners
said that the biggest shortcoming of the current residence is the insufficient living area,
which cannot be improved by the energy efficiency retrofit. It is also mentioned by some
homeowners that the structure of the building is too old so they intend to move out instead
of undertaking a retrofit.

R12: My current residence has a prefabricated panel structure. On the one hand, I feel that
this structure is outdated and the safety is much more inferior compared to the framed concrete
structure. On the other hand, I have also learned that the retrofit outcome of prefabricated buildings
is not as good as that of the newly built buildings.

R19: Compared to energy efficiency retrofit, I prefer the residential building being demolished.
I know what kind of changes can be brought about by energy efficiency retrofit and other types of
retrofit, and I also know that the thermal insulation will be improved after the retrofit. But my home
is too small and the layout is very unreasonable. I don’t think the retrofit can solve my problem.

The property value is also one of the factors considered by the homeowners. They
believe that their investment in energy efficiency retrofit cannot increase the selling price
and thus it is not worthwhile to retrofit.

The definition of responsibility for energy efficiency retrofit has received extensive
attention from homeowners. Many homeowners believe that it is other stakeholders’
responsibility for investing in energy efficiency retrofit. Some believe that the govern-
ment or developers should be responsible because their homes were purchased from the
government or developers, so the government or developers should bear the after-sales
responsibility. Some think that the construction company should be responsible because
they are those who built the buildings that do not meet the energy-saving standards and
other construction work needs to be carried out. Others believe it belongs to the heating
supply company, because the heating cost can be reduced after the retrofit, and the heating
company as the direct beneficiary should take the responsibility to invest.

R18: My current home used to be public housing, and 1 bought it from the government.
Although the property rights belong to me, the government cannot ignore the responsibility if it
needs to be retrofitted.
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R20: I think it is the government’s responsibility to guarantee the people’s well-being. The
retrofit involves energy-saving and environmental protection as well as improving people’s quality
of life, which should be the responsibility of the government.

Policy factors also have many influences, among which the issue of fairness is the most
mentioned. Homeowners with different levels of willingness all mentioned that the retrofit
projects mainly funded by the government have improved the surrounding residents’
knowledge of energy retrofit, but have also brought some side effects. Interviewees felt
that there is no reason for homeowners to make investments since the previous retrofit
projects were mainly funded by the government. Considering the main urban renewal
policy of Tianjin was demolition and relocation in the past 10 years, the most familiar and
acceptable procedure for homeowners is to sell their homes to the government and get
a relocation allowance. Homeowners are also worried the retrofit will become a waste if
their homes would be demolished in a short time.

Interviewees mentioned some other barriers. For example, some homeowners have
participated in government-led retrofit before, and are dissatisfaction with the outcome
because of defects such as poor construction quality, unreasonable fees, and poor ventilation
in the summers. Some worry about their daily lives being disturbed during the construction
period, such as generating too much noise and dust, the construction time being too long,
and miscellaneous people in the community; some worry that the retrofit will affect the
structural safety, fireproof performance, facade aesthetics, and existing decoration of the
building; some worry that the retrofit cannot be carried out smoothly if their neighbors
are unwilling to invest; some have concerns about the unknown situations and are thus
hesitate to put their energy in it.

4.2. Questionnaire Results

Results indicate that among all the respondents, 35.4% have retrofit experience, while
64.6% do not. Besides, 38.0% think they have enough knowledge about the retrofit of
old residential communities, 49.4% think they have some knowledge, and 12.7% have no
knowledge at all.

Regarding the willingness to pay, 27.5% of the respondents indicate that they were
willing to pay for the retrofit cost in full, 46.9% are willing to pay part of the retrofit cost,
and another 25.6% are unwilling to pay for the retrofit (Table 1). As mentioned above,
for collective housing, under the current Chinese ”Civil Code of the People’s Republic of
China”, the retrofit of the whole building can only be executed if more than two-thirds of
the homeowners agree. Assuming that homeowners with a high WTP are willing to accept
a lower payment price, if the government organizes the retrofit and requires homeowners
to invest 100%, according to the results of the questionnaire, 27.5% of the homeowners
would agree; If required to invest 80%, homeowners that willing to pay 100% and that
willing to pay 80% would agree. In other words, 36.8% (27.5% + 9.3%) of the owners would
invest; Similarly, if required to invest 50%, 55.3% (27.5% + 9.3% + 18.5%) of the owners
would invest; And if required to invest 20%, 74.4% (27.5% + 9.3% + 18.5% + 19.1%) of the
owners would invest (Figure 4). Under this condition, if homeowners only need bear 20%
of the overall cost, 74.4% (which is greater than two third) of the homeowners would agree
to invest and the retrofit could be carried out.

Table 1. Frequency and percentage of respondents willing to pay different cost ratios.

Cost Ratio Willing to Pay Frequency Percent
0 94 25.6
20% 70 19.1
50% 68 18.5
80% 34 9.3
100% 101 27.5

Total 367 100.0
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74.40%

55.30%

27.50%

PARTICIPATION RATIO

100% 80% 50% 20%
INVESTMENT RATIO

Figure 4. Relationship between participation ratio and investment ratio.

Bivariate correlation analysis of various influencing factors and the WTP was con-
ducted by IBM SPSS Statistics Software 25, and the results are shown in Table 2. In Table 2,
“PC” stands for the Pearson correlation of two factors and “Sig.” stands for the significant
level of correlation. For instance, the Pearson correlation between WTP and education
is 0.382, indicating significance at the 0.01 level. We fail to include “income level” in the
calculation because nearly half of the respondents chose “do not want to disclose".

Table 2. Bivariate correlation analysis results of influencing factors and WTP.

Floor Building

Factors WTP Knowledge Experience Gender Age Education
area Age
PC 1 0.062 -0.188*  0.309 ** -0.074 0.101 -0.310*  0.382*
wrp Sig. 0.239 0.000 0.000 0.157 0.053 0.000 0.000
Knowledge PC 0.062 1 0.199 ** -0.109 * 0.069 0.068 0.068 -0.051
Sig. 0.239 0.000 0.037 0.186 0.195 0.193 0.327
Experience  FC -0.188**  0.199 ** 1 -0.099 0.211 ** -0.076 0263*  —0.186**
Sig. 0.000 0.000 0.058 0.000 0.144 0.000 0.000
Floor PC 0.309 ** -0.109 * -0.099 1 -0.296 ** -0.001 -0.303*  0.391**
area Sig. 0.000 0.037 0.058 0.000 0.981 0.000 0.000
Building PC -0.074 0.069 0211*  -0.296** 1 0.018 0.207*  —0.240*
Age Sig. 0.157 0.186 0.000 0.000 0.726 0.000 0.000
PC 0.101 0.068 -0.076 -0.001 0.018 1 -0.018 -0.003
Gender Sig. 0.053 0.195 0.144 0.981 0.726 0.725 0.960
Age PC -0.310 ** 0.068 0263*  —0303*  0.207** -0.018 1 -0.706 **
Sig. 0.000 0.193 0.000 0.000 0.000 0.725 0.000
, PC 0.382 ** -0.051 -0.186**  0391*  —0.240* -0.003 ~0.706 ** 1
Education Sig. 0.000 0.327 0.000 0.000 0.000 0.960 0.000

**, Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).

According to the results of the bivariate correlation analysis, the respondents’ retrofit
experience is significantly positively correlated with their knowledge of the content of the
retrofit, which is consistent with previous experiences and the hypothesis of this study.
However, unlike the previous literature and the hypothesis of this study, no significant
correlation was found between the respondents” willingness to pay for the retrofit and their
related knowledge.

Meanwhile, the respondents’ retrofit experience, the age of their dwelling, and their
own age have a significant negative correlation with their willingness to pay. The influence
of building age and homeowner’s age is not surprising, but the correlation between retrofit
experience and willingness to pay is contrary to our expectations. Both floor area and
education level of respondents have a significant positive correlation with WTP. Besides,
gender did not show a significant correlation.
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4.3. Summary

Firstly, regarding the willingness to invest, both qualitative and quantitative methods
have reached similar results that some homeowners are willing to invest. The results of the
interviews were quantified by the questionnaire through the willingness to pay.

Secondly, about the influencing factors, it has been verified by the questionnaire that 5
of 8 preset factors are related to the willingness to pay. The reasons for the influences of
these five factors can all be explained by the interview results. Besides, two preset factors
did not show a correlation with the willingness to pay, and no valid data were collected for
one factor. The cause and the impact of these factors, together with other factors that only
appear in interviews, will be comprehensively analyzed in the discussion section.

5. Discussion

Both qualitative and quantitative research results showed that some interviewees have
the willingness to invest in energy efficiency retrofit. However, at the current stage, the
homeowners cannot make a full investment towards the retrofit. Homeowners are the
main beneficiary of energy efficiency retrofit instead of the only beneficiary. Therefore, the
financing of the retrofit should not only conform to the current policy but also conform to
the reality of the homeowner’s willingness. Considering the principle of “two-thirds of
the owners’ agreement is needed”, in order to ensure the smooth execution of the retrofit
with homeowners’ participation, the homeowners’ investment should be no more than
20% of the total cost, based on the WTP evaluated from quantitative research. To accelerate
the promotion of energy efficiency retrofit, on the one hand, policymakers need to find
other financing sources. On the other hand, the analysis of homeowners” willingness
and its influencing factors is needed to optimize the current policies and to increase the
homeowners’ willingness to invest. The focus of this study is mainly the latter approach.

In qualitative analysis, both floor area and education level showed a positive correla-
tion with WTP. In China, the floor area of a home owned by a person reflects his wealthy
status to a certain extent. It could be speculated that high-income homeowners who have
large floor area homes are more willing to make an investment towards retrofit in China.
To a certain degree, the correlation between floor area and WTP makes up for the question-
naire’s failure to obtain the income of the respondents. The positive influence of education
was consistent with previous research.

Based on the comprehensive analysis of qualitative and quantitative results, the age of
the homeowner and the age of the building can be considered as the most significant negative
influencing factors. Both of these factors have been mentioned in the in-depth interviews, and
the analysis of the questionnaire results also indicated a significant correlation.

There are several speculations about the reasons for the negative impact of the age of
the homeowners on the willingness to invest. Firstly, as mentioned by the homeowners,
the uncertainty about their own lifespan makes them feel that the retrofit is not worthwhile,
because they are not sure how long they can continue living in the retrofitted homes. The
second reason is the differences in the view of consumption among generations, which
influence has been discussed by researchers in many countries as well as in China [55]. The
second reason is the change in economic system. In the past 40 years, after China’s Reform
and Opening-up, China’s society and economy have experienced dramatic changes. There
is a huge difference in terms of life experiences and view of consumption among those
who were born and grown up before and after the Reform and Opening-up. The younger
generation is more decisive in consumption decisions, and are more willing to engage in
enjoyment consumption. This phenomenon can also be found in energy consumption. As
for the third reason, it can be summarized as homeowners’ view of consumption about
housing retrofit has been affected by China’s housing commercialization reforms, either
directly or indirectly. The housing commercialization reforms had been introduced in the
background. Homeowners born after the 1980s are accustomed to the privatization of
residential buildings. They believe that they have the right to retrofit their own property
and need to bear the cost of it. On the other hand, those who were born earlier are still
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affected by the era of welfare housing and believe that the government or construction
companies should bear the responsibility of maintaining and retrofitting their homes, no
matter these homes are purchased public housing or commercial housing. This is also
relevant to the influencing factors ”definition of responsibility". The homeowners may be
affected by one or all three factors.

The main reason for the negative impact of the building age is related to the floor area
and the construction quality. As introduced in the research background section, residential
buildings built at an early age usually have a smaller living area that cannot be improved
by retrofit. These buildings are also outdated in terms of structure and construction
technology, which brings potential safety hazards and increases the cost of reinforcement
and retrofit. Thus, homeowners of “Old, Aged and Small” buildings are unwilling to invest
in the retrofit.

The impact of retrofit experience and the knowledge of retrofit on the investment
willingness needs to be discussed together. According to the questionnaire results, retrofit
experience is positively correlated with the homeowners’ degree of knowledge but is
negatively correlated with their willingness to pay. Meanwhile, the degree of knowledge is
not significantly correlated with the willingness to pay. The findings contradict previous
studies and the expected effect of demonstration projects. The experience of participating
in the demonstration retrofit project is expected to increase the degree of knowledge, and
sufficient knowledge should increase the homeowners” willingness to invest. According
to the interview results, the main reason for this contradiction is that the homeowners
are not satisfied with their past retrofit experiences, including the outcomes of the retrofit
and the changes in retrofit policies. The past retrofit projects have many defects in terms
of design, material selection, construction, management, etc., which have caused the
dissatisfaction of the homeowners and reduced their willingness to undertake retrofit in
the future. Moreover, given the fact that retrofit projects were mainly funded by central and
local governments, homeowners would feel unfair if they are required to invest in future
projects, no matter they have retrofit experience or not. While the past retrofit projects
played a role in propaganda and improved the understanding of homeowners, it must be
acknowledged that these government-funded projects harm social equity and thus hinder
homeowners’ investment.

The results can be interpreted from different aspects. In terms of policy aspect, targeted
policies can be formulated based on the causes of the influencing factors mentioned above.
In terms of the technical aspect, considering that some homeowners are dissatisfied with
the previous retrofit results, construction and design techniques need to be innovated
according to their requirements. The homeowners’ attitude and comments collected from
the in-depth interviews can be used as a reference. In terms of research methods, this
article proved that a combination of qualitative and quantitative methods can be used
for homeowner investment research in China and found that China’s unique policies and
climate background have a corresponding impact on the intentions of homeowners. In
future research, the existing methods can be generalized to cities located in other climate
regions in China.

For the policymakers, among all the factors that affect homeowners’ investment, some
factors are difficult to overcome, such as the floor area of the home which involve property
rights issues. Meanwhile, it is possible to enhance some drivers and mitigate some barriers.

As a driver that has been widely recognized by the homeowners, economic incentives
can play a greater role. First of all, through the implementation of housing energy labeling
policies, energy efficiency retrofit can increase the market value of residential buildings,
and thereby monetizing the results of the retrofit. Meanwhile, the clarification of the
value of energy efficiency retrofit can also relieve the elderly’s anxiety about the return
on investment. In Europe, energy labeling has been put into practice for many years. For
example, Brounen proved that the Dutch building energy labels have increased the market
value of energy-efficient buildings [56]. In China, energy labels have been used on a variety
of household appliances and have some legislation and management experience. Even
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if metered heating cannot be realized quickly due to barriers such as free ridership in
collective housing, there are other approaches for homeowners to obtain the economic
benefits of energy efficiency retrofit, such as reducing heating charges and increasing
heating subsidies for retrofitted buildings. Increasing heating charges on energy-inefficient
residential buildings can also encourage homeowners to consider energy conservation to a
certain extent.

The government must change the financial model for energy efficiency retrofit projects
and stop the one-size-fits-all financial subsidies that harm the feeling of fairness. First of all,
the transformation from retrofit subsidies to incentives should be promoted. Homeowners
should be able to apply for incentives if their homes pass the post-retrofit assessment.
Next, issuing low-interest or interest-free special loans for energy efficiency retrofit to
the homeowners. The effectiveness of providing loans to homeowners who need energy
efficiency retrofit has been proved in both Germany and Switzerland.

Besides, due to the peculiarities of the Chinese family structure, the opinions of adult
children have a great influence on the investment decisions of the elderly. The propaganda
of the retrofit should not only focus on the advantages of energy efficiency but can also
encourage adult children to support their parents to undertake retrofits. What needs to be
clear is, even if the finances of parents and children are considered together, energy-saving
retrofit can still be considered as profitable.

6. Conclusions

It can be found that homeowners in Tianjin have a certain extent of WTP, but it
cannot fully cover the cost of energy efficiency retrofit. Factors that influence homeowners’
investment are summarized through in-depth interviews, and some of them are added to
the questionnaire for quantitative research. Among the 8 presupposed factors, the age and
education level of the homeowner, the age and floor area of the building, and the retrofit
experience showed a statistical correlation with WTP. The causes of various influencing
factors were analyzed, and possible policy measures to encourage homeowners to invest
in energy efficiency retrofit were discussed accordingly.

From the perspective of policymaking, based on ensuring the quality of construction,
the main issue to promote the homeowner’s investment in energy efficiency retrofit is to
solve economic problems. Establishing a way to let the homeowners obtain energy-saving
benefits can encourage them to invest. Providing loans to homeowners who lack funds is
expected to trigger the investment of more homeowners. Although the energy efficiency
retrofit project invested by the government can improve homeowners’ relevant knowledge,
if it is restricted to the level of pilot projects, it will affect the fairness and influence the
homeowners’ enthusiasm for investment.

This study is subject to several limitations that might limit the applicability of the
findings. Firstly, the WTP stated by the interviewees might not reflect their actual WTP
precisely. They might overstate or understate the price of retrofit because of their different
understanding of the purpose of the survey. It does not affect the analysis and policy rec-
ommendations in this study. However, in order to give a precise estimation of homeowners’
willingness to pay, other evaluation methods or approaches are needed in further studies.
Secondly, this paper does not discuss the WTP for any specific part of the building, such as
roofs or windows. Homeowners may perceive some parts such as windows as their own
belongings. Meanwhile, they feel that they are less responsible for other parts, including
roofs and external walls, because “someone else should take care of them”, despite the
fact that they also own the property rights to these parts. It will bring a deviation in their
willingness to pay for the retrofit of different parts, which is worthy of further exploration.
Thirdly, the sample of the questionnaire survey is not a representative sample of China’s
population. The results would be more comprehensive if information on homeowners
from other provinces/cities can be collected.

Considering the transformation of housing policies and the role of the central and
local governments, more attention needs to be paid to the perspective of homeowners in
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future research on residential retrofit. Key points include how to analyze homeowner’s
attitude and willingness and how to guide their decision effectively.
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Appendix A

Table A1. Respondent information of in-depth interview.

Respondent Residential . Respondent Respondent

Ngmber Date District Name Built Year I,"&ge Ginder
1 July.2019 Lefu Li 1984 75 Female
2 July.2019 Lechang Li 1985 35 Male
3 July.2019 Zhenhe Li 1985 35 Female
4 July.2019 Zhenhe Li 1985 60 Female
5 July.2019 Nandabei Cun 1992 52 Male
6 July.2019 Yibindong Li 1983 60 Female
7 July.2019 Yibindong Li 1983 62 Male
8 July.2019 Yibindong Li 1983 66 Male
9 July.2019 Yibindong Li 1983 71 Male
10 July.2019 Yibindong Li 1983 63 Male
11 July.2019 Yibindong Li 1983 55 Female
12 July.2019 Yibindong Li 1983 69 Female
13 July.2019 Yibinbei Li 1983 60 Female
14 July.2019 Nanfeng Li 1985 65 Female
15 July.2019 Nanfeng Li 1985 35 Female
16 July.2019 Tiandaliu Cun 1995 40 Female
17 July.2019 Huazhang Li 1991 48 Male
18 June.2019 Huagang Li 1983 70 Female
19 June.2019 Huagang Li 1983 55 Female
20 June.2019 Hongkan Flat 2001 54 Male
21 June.2019 Bihua Li 1998 30 Female
22 June.2019 Yunhua Li 2002 32 Female
23 June.2019 Zhuhua Li 2002 31 Male
24 June.2019 Zhuhua Li 2002 31 Female

Appendix B

Table A2. Questions in questionnaire.

Question Options or Blank
How do you know about the EERRB? A. Quite well B. Good, to some extent C. Not at all
Have you ever experienced any EERRB? A. Yes B. No
What percentage are you willing to pay for EERRB? A.100% B. 80% C. 50% D. 20% E. 0

The floor area of you home?

The year you home was built?

Your age?
Your gender? A. Female B. Male
Your highest education? A. Junior high school or below B. Senior middle school C. College

degree D. Bachelor degree E. Master degree or higher

Your income per year?

All the questionnaires were printed in Chinese with more details and polite words.
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