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Abstract Purchasing energy-saving appliances is a sen-
sible and practical way to reduce carbon emissions from
the residential sector in China. This study examines the

relationship between pro-environment behavioral
intention—undergirded by environmental attitude and
concern as well as perceived psychological benefits—
and the choice to purchase energy-saving appliances
among Chinese households. Integrating psychological
benefits (i.e., warm glow and self-express benefits) into
the theory of planned behavior, a first of its kind for
China, we designed and implemented a cross-sectional
online survey in 2016. We conducted Probit regression
analyses based on the 942 effective responses collected.
The results reveal that behavioral intention has signifi-
cantly positive effects on the choice to purchase energy-
saving appliances. Environmental attitude and concern,
as well as psychological benefits, have a significantly
positive impact on respondents’ behavioral intention to
buy energy-saving devices. Also, age and household
size significantly and positively correlate with purchas-
ing energy-saving appliance decision. These results
point to useful policy implications to boost consumer
support for energy-saving appliances in China and pro-
vide a foundation for similar research in other develop-
ing contexts.
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Introduction

The extraordinary economic growth of China in the past
four decades came at considerable environmental costs.
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Highlights
• This paper integrates psychological benefits into the theory of
planned behavior.
• This study is based on a cross-sectional online survey of 942
Chinese households conducted in 2016.
• Behavioral intention positively affects the choice to purchase
energy-saving appliances.
• Environmental attitude and concern positively influence the
intention to buy energy-saving appliances.
• First to reveal that perceived psychological benefits positively
affect behavioral intention in China.
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In 2007, China eclipsed the USA to become the largest
greenhouse gas emitter in the world (NEAA 2008).
Most of the 334 prefectural cities in China did not meet
air quality standards recommended by the World Health
Organization (China Environment Yearbook 2016).
Many Chinese cities even rank among the most polluted
cities globally (WHO 2016). It was estimated that more
than one million people died each year prematurely
from air pollution in China (Pope III and Dockery
2013; Lim et al. 2013). Geographically, researchers
documented a 5.5-year gap in life expectancy between
the heavily polluted north and the less dirty south (Chen
et al. 2013). Temporally, the peak in local pollution
cycles imposed high human costs (Shen 2018).

The central government has made environmental pro-
tection a top priority. At the National People’s Congress in
2014, Premier Li Keqiang declared the inception of
China’s “war on air pollution” (Reuters 2014). Under the
Thirteenth Five-Year Plan (2016–2020), the country aims
to achieve a 15% reduction in energy intensity (i.e., energy
consumption per unit of GDP) and an 18% decrease in
carbon intensity (i.e., carbon emissions per unit of GDP).
China also seeks to cap total energy consumption at 5
billion tons of standard coal equivalent by 2020 (Zhang
et al. 2019). A national emission trading scheme was
launched in late 2017 (Sun et al. 2019), and significant
efforts have been made to restructure the economy and
upgrade technologies (Wang et al. 2019; Li et al. 2019).

In addition to the top-down measures, changing hu-
man behavior from the bottom-up is another way to
conserve energy. CO2 emissions from household energy
consumption are estimated to contribute to 10–20% of
global CO2 emissions (see, e.g., Long et al. 2018; Grunert
and Juhl 1995). Such a significant share implies that
consumers’ purchasing behavior can play a critical role
in curbing carbon emissions. A salient example of this is
the purchasing and adoption of energy-saving appliances
in China. Such appliances include solar water heaters,
refrigerators, air conditioners, air purifiers, electric bikes,
and electric vehicles, which are already subsidized by the
Chinese government.1 However, energy-saving appli-
ances are still underutilized among Chinese consumers.
According to an Ali Research Report, “environmentally
friendly consumers” only accounted for 16% of all Ali
consumers in 2015 (Ali Research Report 2016).2

The literature on the purchasing behavior of energy-
saving appliances exhibits at least three gaps. First, the
findings of how environmental attitude and concern
influence purchase intention are mixed, demanding
more work on this increasingly critical and thriving
area of research. For example, Gadenne et al. (2011)
find that environmental attitude significantly affects
energy-saving behavior in Australia. Similarly, Sapci
and Considine (2014) reveal that households with more
environmental concern tend to have lower energy use in
WY, USA. Hartmann and Apaolaza-Ibáñez (2012) also
confirm that consumers’ environmental concern has a
significant influence on the intention to buy green ener-
gy brands in Spain. By contrast, Gaspar and Antunes
(2011) display that neither general nor particular envi-
ronmental attitudes have significant influence on energy
efficiency in Europe. Second, although previous studies
have explored the impacts of residential intention on the
choice to purchase energy-saving devices in developed
countries like the USA (see Bang et al. 2000; Litvine
and Wüstenhagen 2011), much fewer works have ex-
amined the relationship in developing countries, partic-
ularly in China (Sapci and Considine 2014). Among the
few works on China, Chan and Lau (2000) find that
ecological effect and knowledge have a significant and
positive influence, but cultural values have only
moderate effects among residents in Beijing and
Guangzhou. Wang et al. (2011) indicate that environ-
mental awareness does not influence electricity saving
in households, while social norms, economic benefits,
subsidy, and experience positively and significantly af-
fect electricity-saving behavior in Beijing. Liu et al.
(2012) find that information about energy-saving appli-
ances and perception of self-responsibility affect sub-
stantially urban residents’ actual green purchasing be-
haviors in Suzhou, Jiangsu Province. Finally, building
on the first two points, existing literature suggests that
the most critical factor in explaining environmental
intention in developed countries such as Spain
(Hartmann and Apaolaza-Ibáñez 2012) is related to
psychological benefits; however, no such work has been
performed for China.

In this study, we explore the determinants of the
intention and the choice to purchase energy-saving
appliances in Chinese households, considering envi-
ronmental attitude, concern, and psychological bene-
fits as the key determinants. Applying a Probit model
to our cross-sectional online survey data of a sample
of 942 responses in 2016, we find that behavioral

1 The latest subsidy policy on household energy-saving appliances in
2017. http://www.jayall.com/article/73258.html.
2 The Ali platform hosts China’s largest e-commerce market.
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intention has a significant and positive effect on the
choice to purchase energy-saving appliances. Further
analysis indicates that environmental attitude and
concern, as well as psychological benefits, have sig-
nificantly positive impacts on respondents’ behavior-
al intention to buy energy-saving appliances. Further-
more, age and household size are significantly and
positively correlated with the decision to purchase
energy-saving appliances.

This study contributes to a thin pile of empirical
works of consumer purchasing behavior of energy-
saving appliances in China, a country that has the
highest greenhouse gas emissions in the world. It does
so by integrating environmental concern and psycho-
logical benefits with the Theory of Planned Behavior
(TPB) and testing the hypotheses based on empirical
data from an online survey. In addition to examining the
impacts of behavioral intention on the choice to pur-
chase energy-saving appliances, this study attempts to
explore the effects of environmental attitudes and con-
cern as well as the influence of psychological benefits
on respondents’ intention to buy energy-saving devices.

The rest of the paper is organized as follows. We
survey existing literature in “Theoretical framework and
hypotheses”; outline our methodology, including data
connection, theoretical and econometric models in
“Methodology”; describe our data in “Survey results”;
discuss the empirical results in “Econometric analysis”;
and finally, draw conclusions and policy implications in
“Conclusion and policy implications”.

Theoretical framework and hypotheses

Traditionally, scholars have employed socioeconomic
factors to explain consumers’ behavior of purchasing
energy-efficient household appliances (e.g., Baldini
et al. 2018). Furthermore, it is widely believed that
intention determines personal behavior in a designed
manner, featured most prominently in the Theory of
Planned Behavior (TPB) (Ajzen 1989, 1991). The
TPB suggests that environmentally friendly intention
involves suchmental activities as planning and foresight
toward pro-environment behaviors and that attitude
plays a vital role in shaping people’s behavioral inten-
tion to purchase energy-saving appliances (Sapci and
Considine 2014; Cai et al. 2019). Among the many
socioeconomic factors, scholars have zeroed in on age
(Zarnikau 2003; Sardianou and Genoudi 2013; Baldini

et al. 2018), education (Ek 2005; Tabi et al. 2014),
income (Borchers et al. 2007; Grösche and Schröder
2011; Sardianou and Genoudi 2013), and household
size (Gerpott and Mahmudova 2010; Grösche and
Schröder 2011; Baldini et al. 2018) to explain purchase
behavior.

In addition to the socioeconomic factors, the TPB
buds off the Theory of Reasoned Action and argues that
human behavior is the result of planning and is condi-
tioned by behavioral intention. TPB has been employed
widely in social psychology and environmental eco-
nomics (Fishbein and Ajzen 1975; Ajzen 1991; Oreg
and Katz-Gerro 2006). Some studies have applied it to
the study of green electricity or renewable energy (see
Bang et al. 2000; Litvine and Wüstenhagen 2011). For
example, Mi et al. (2016) demonstrate that residents’
behavioral intention prods their behavior in low-carbon
energy consumption. Another example is that residents’
intention positively influences their behavior in bicycle-
sharing commuting in China (Cai et al. 2019). Zhao
et al. (2019) suggest that most residents have environ-
mentally friendly intention to buy energy-saving prod-
ucts in Xuzhou, Jiangsu Province. Based on these theo-
retical and empirical insights, we propose our first
hypothesis.

Hypothesis 1: Residents’ intention has a promotive
effect on their choice behavior of purchasing
energy-saving appliances.

Furthermore, the TPB suggests that personal attitude
determines behavioral intention. In the environmental
realm, environmental attitude is defined as “the collec-
tion of beliefs, affect, and behavioral intentions a person
holds regarding environmentally related activities or
issues” (Schultz et al. 2004, p.31). Many previous stud-
ies have explored how environmental attitudes influence
the behavioral intention of green consumption (e.g.,
Paul et al. 2016) or energy savings and carbon reduction
(e.g., Chen 2016). For example, Gadenne et al. (2011)
reveal that environmental attitude tends to promote
energy-saving behavior in Australia. A puzzle arises:
despite much talk about using green, why has the market
share of energy-saving appliances remained at 1–3%
levels of the entire market (Bray et al. 2011)? The
validity of the theory may be subject to country and
cultural contexts, and this may be particularly true for
China. Thus, we propose our second hypothesis to test
our considerations.

Energy Efficiency (2020) 13:33–49 35



Hypothesis 2: Residents’ environmental attitude
has a positive effect on their intention of purchasing
energy-saving appliances.

Recently, a large and growing pipeline of studies
indicates that environmental concern is a crucial driv-
er in the adoption of energy-efficient appliances and
practices. Schultz et al. (2004) define “environmental
concern” as the affect (i.e., worry) associated with
beliefs about environmental problems. “Environmen-
tal attitude” and “environmental concern” differ in
range, where the former entails a broad general atti-
tude toward the environment while the latter a spe-
cific attitude toward environmentally related actions
or issues (Fransson and Gärling 1999). Hansla et al.
(2008) suggest that environmental concern affects
consumers’ willingness to purchase green electricity.
Hartmann and Apaolaza-Ibáñez (2012) confirm the
finding that consumers’ environmental concern facil-
itates the purchasing intention. Shimokawa and
Tezuka (2014) also identify environmental con-
sciousness as a determining factor for the success of
the Home Energy Conservation Support Program in
Japan. Whether environmental concern affects the
intention of purchasing energy-saving appliances in
China remains an empirical question. Thus, we pro-
pose our third hypothesis.

Hypothesis 3: Residents’ environmental concern
has a positive effect on their intention of purchasing
energy-saving appliances.

Besides environmental concern, psychological bene-
fits of purchasing energy-saving appliances can be cru-
cial for individual decision-making (Borchers et al.
2007; Stern 2011; Sapci and Considine 2014;
Sovacool 2014; Stern 2014; Noblet et al. 2015). There
are two distinct categories of psychological benefits:
warm glow and self-expressive benefits. Traditionally,
social behavior theory holds that pure altruism contrib-
utes to the personal value structure and, by extension,
induces behavior in favor of the common good
(Bergstrom et al. 2006). In contrast, much evidence
indicates that some consumers pay a premium price to
buy energy-saving appliances for personal welfare de-
rived from a cleaner environment rather than out of
altruistic concern, although a cleaner environment is a
public good (Wüstenhagen and Bilharz 2006). This is
dubbed the “warm glow of giving” (Andreoni 1990).

Hartmann and Apaolaza-Ibáñez (2012) find that warm
glow arising from a contribution to the environment
promotes personal behavioral intention to purchase
green brands. Thus, we propose our fourth hypothesis.

Hypothesis 4: Warm glow derived from contribut-
ing to the environmental common good positively
influences the intention to purchase energy-saving
appliances.

Another psychological benefit is self-expressiveness
of being green, which helps enhance consumers’ per-
ceived status and reputation for willingness to contribute
to environmental protection (Hartmann and Apaolaza-
Ibáñez 2012). Signaling theory and related literature on
symbolic and conspicuous consumption offer a basis for
our analysis of the impact of self-expressive benefit on
the intention (e.g., Aaker 1999; Bennett and Chakravarti
2009; Griskevicius et al. 2010). Because individuals
think of and judge others by the products others con-
sume, there could be a real psychological motive and
self-expressive benefit for consumers to purchase
energy-saving appliances. Although Hartmann and
Apaolaza-Ibáñez (2012) do not find self-expressive ben-
efits to be explanatory of participants’ purchase inten-
tions, it is a worthwhile empirical question for the con-
text of China. Thus, we propose our fifth hypothesis.

Hypothesis 5: The expectation of self-expressive
benefits derived from the conspicuous consumption
of energy-saving appliances positively influences
the intention to purchase energy-saving appliances.

Based on the analysis mentioned above, our empiri-
cal framework for the choice to purchase energy-saving
appliances can be summarized in Fig. 1.

Methodology

Data collection

We employed Wenjuanxing, a professional marketing
agency, to implement our surveys on a secure online
platform.3 We designed our survey using a modified
Dillman method (Dillman et al. 2009). At the initial
stage, we organized focus groups to test our pilot survey.

3 The URL of the website is https://www.sojump.com.
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Based on the feedback, we refined our survey question-
naire and decided on the final version during the spring
of 2016. The respondents were recruited via WeChat,
the most popular social media platform in China, with
an estimated user base of 0.4 billion at that time.
Wenjuanxing company has access to 2.6 million of the
0.4 billion WeChat users and maintains a stable data-
base. The database consisted of urban residents who are
little bit more than rural consumers, or 55.6% of the
Chinese population as of 2015 (CIA World Factbook).
Due to the sheer size and diversity of China’s popula-
tion, it is nearly impossible to get a sample representa-
tive of the whole population on a limited budget. Urban
residents are active thinkers, avid information con-
sumers, and keen experimenters with new things. Since
energy-saving appliances are considered relatively new
to Chinese consumers, urban residents in China often
havemore knowledge than rural residents and thusmore
likely to purchase and benefit from energy saving appli-
ances (Ma et al. 2018). Therefore, a higher urban repre-
sentation in our dataset enables us to gather as much as
possible information on how to promote energy-saving
appliances. We recognize the cross-country heterogene-
ity in the urban-rural divide, for example between China
(Ma et al. 2018) and India (Parikh and Parikh 2016), and
thus limit our interpretations only to what our sample
represents.”

Respondents were solicited from the database via
random sampling, and our dataset is quite representative
of urban demographics. Wenjuanxing sent out 1500
survey requests to its database of WeChat users, among
whom 942 completed the survey. The overall response
rate is 62.8%, which is higher than those in comparable
studies on China (Wang et al. 2011).4

We excluded residents who did not buy a solar heater
if the reason was that they could not access rooftops
when living in apartments. We could do this, because in
our original questionnaire, if respondents did not buy
any green appliance, we asked them why. If they pro-
vided reasons such as they could not access the rooftop,
we merely sorted them into the category of “other rea-
sons.” Another two potential unbalanced factors in the
sample are electric modes of transportation. Electric
bikes are currently banned from ten streets in Beijing,
and overweight battery cars are prohibited in Shanghai,
but neither is forbidden in other localities. On a large

scale, the bans have no significant effect on the purchas-
ing of electric bikes for residents. Due to our limited
sample size, we do not consider climate variables, such
as temperature, in our model—an area where future
research can improve.

Measurement of key variables

It is challenging to identify behavioral intention with a
subjective question. Following the literature (Biswas and
Roy 2015; Mi et al. 2016), we employ the following
question to gauge intention: are you willing to pay more
money to buy energy-saving appliances? To obtain a
robust measurement, we follow the literature and use
the following question as an alternative measure of be-
havioral intention (e.g. Ajzen 1991; Litvine and
Wüstenhagen 2011; DeCicco et al. 2015): do you think
purchasing energy-saving appliances in the near future
will be a good thing?

Following the Theory of Planned Behavior and
existing literature (Ajzen 1991; Sapci and Considine
2014), we ask the following question to measure envi-
ronmental attitude: Do you believe that energy is a
scarce resource? Alternatively, the question related to
environmental attitude can be gauged by: Is your atti-
tude serious toward protecting the environment?

Extending the TPB, we integrate environmental con-
cern into our model. Following the literature (e.g.,
DeCicco et al. 2015), we raise the following question: do
you find it essential to protect the environment? To obtain
a robust measurement of environmental concern, follow-
ing the literature (Hartmann and Apaolaza-Ibáñez 2012),
we also use the following questions as alternative mea-
sures: are you concerned about air pollution? Are you
worried about climate change?

As for warm glow (WG), the literature (e.g.,
Hartmann and Apaolaza-Ibáñez 2012) commonly em-
ploys the following question is used as a proxy: by
buying energy-saving appliances, do you feel good be-
cause you help protect the environment? Alternatively,
we use the following question to measure warm glow:
by purchasing energy-saving appliances, do you feel
that you are contributing to the well-being of humanity
and nature?

Lastly, according to the literature (e.g., Hartmann and
Apaolaza-Ibáñez 2012), we measure self-expressive
benefits via the following two questions: does buying
energy-saving appliances help express your environ-
mental concern? By buying energy-saving appliances,

4 So far, there is no standard response rate in the literature (Nachmias
and Nachmias 2000).
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can you demonstrate to your friends that you care about
environmental conservation? All related statements on
the measurement of subjective variables: intention, en-
vironmental attitude, concern, warm glow, and self-
expressive benefit are shown in Table 1.

Empirical model

We built our empirical model by drawing from and
modifying insights from the following theories. First, a
rational consumer maximizes her utility subject to her
budget, and as the price of the commodity increases, her
demand for it decreases. Second, an increase in income
leads to higher demand according to the permanent

income hypothesis (Friedman 1957). Third, consump-
tion is determined by consumer’s preferences. However,
the same principle of consumer’s preferences needs to
be adapted to fit a more complicated situation of buying
energy-saving appliances. Of particular note, if respon-
dents realize that the economic benefits of such energy
efficiency measures as efficient lighting system in the
household sector manifest in the long term (Baldini and
Trivella 2018), they will become more likely to pur-
chase the new energy-efficient lighting system.

In the context of energy-saving behavior, the utility
theory provides the basis for interpreting dominance in
pairwise selection (McFadden 1974). Since utilities for
goods or services can be categorized based on their
characteristics or attributes (Lancaster 1966), the

Table 1 Indicators for measurement of subjective variables: intention, environmental attitude, environmental concern, warm glow, and self-
expressive benefit

Latent variables Observable measurements

Energy-saving intention (Int) Are you willing to pay more money to buy energy-saving appliances?

Do you think purchasing energy-saving appliances in the near future will be a good thing?

Environmental attitude (EA) Do you believe that energy is a scarce resource?

Is your attitude serious toward protecting the environment?

Environmental concern (EC) Do you find it essential to protect the environment?

Are you concerned about air pollution?

Are you worried about climate change?

Warm glow (WG) By buying energy-saving appliances, do you feel good because you help protect the environment?

By purchasing energy-saving appliances, do you feel that you are contributing to the well-being of humanity
and nature?

Self-expressive benefit (SEB) Does buying energy-saving appliances help express your environmental concern?

By buying energy-saving appliances, can you demonstrate to your friends that you care about environmental
conservation?
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relationship between choice decision behaviors and
driving forces can be expressed as linear. In this speci-
fication, a dummy model is applied to our case of
purchasing energy-saving appliances (Heckman 1979),
and our final econometric model is as follows:

logit Pr ESA ¼ 1ð Þð Þ ¼ αþ βIntþ γ1Ageþ γ2Edu

þ γ3Incþ γ4HSþ ε ð1Þ

where ESA is the stated choice to buy energy-saving
appliances, which is binary, in case 1 (decision to buy
energy-saving appliances), otherwise 0 (decision not to
buy energy-saving appliances); α is constant; β is the
coefficient for respondents’ intention to purchase
energy-saving appliances (Int); γ is the coefficients vec-
tor for respondents’ socioeconomic characteristics, in-
cluding age (Age), education (Edu), income (Inc), and
household size (HS); ε is the error term, which is as-
sumed to be i.i.d.

Since the independent variable, the choice to pur-
chase energy-saving appliances (ESA) is binary, the
appropriate probabilistic choice models are Logit and
Probit models. Although Logit and Probit are used to
perform a similar type of regression, they employ dif-
ferent functions. Given the relatively large size of our
sample, we employed a Probit model in this study.

As mentioned above, environmental attitude (EA),
environmental concern (EC), warm glow (WG), and
self-expressive benefit (SEB) might influence the inten-
tion to purchase energy-saving appliances. This study
further investigates their effects on the intention and,
subsequently, energy-saving purchasing behavior. We
also include socioeconomic variables (age, education,
income, and household size) as the control variables.
Mathematically, it can be expressed as:

logit Pr Int ¼ 1ð Þð Þ ¼ αþ f EAþ λECþ ψWG

þ ξSEBþ γ1Ageþ γ2Edu

þ γ3Incþ γ4HSþ μ ð2Þ

where μ represents the error term, assumed to be i.i.d.
The independent variable, behavioral intention (Int), is
measured via two questions. The willingness question
involves a binary variable, so a Probit model is
employed. In the second question, “good thing” is an
ordered choice variable, so an ordered Probit model is
applied.

Survey results

Based on our literature review (e.g., Chen and Chai
2010; Hartmann and Apaolaza-Ibáñez 2012; Stern
2014; Sapci and Considine 2014; Noblet et al. 2015),
we create a questionnaire that consists of two areas. The
items and the results are reported in Tables 2 and 3,
respectively.

The first set of seven questions (Q1–Q8a) is related to
the respondents’ demographic and socioeconomic char-
acteristics (age, educational attainment, household in-
come, and household size), household monthly electric-
ity consumption, purchasing decision (whether or not
the respondent has purchased energy-saving appli-
ances), the amount spent on energy-efficiency home
appliances, and willingness to pay more money to buy
energy-saving appliances. The summary statistics are
presented in Table 2.

The survey shows that more than 70% of respondents
made decisions on the choice of purchasing energy-
efficient home appliances, and the amount spent on
energy-efficiency home appliances per household was,
on average, 10,205.8 Chinese Yuan (US$1458). Q8a
uses “Are you willing to pay more money to buy
energy-saving appliances? (Int(1))” to measure environ-
mental intention. Regarding the percentage of willing-
ness to pay more for energy-saving appliances, 85% of
respondents indicated willingness to pay price premium
for energy-saving appliances, which is much higher than
an average of 30% in Brunei and 44–50% in Europe (Shi
2015). A comprehensive review of the amount of will-
ingness to pay can be found in Shi (2014). Our finding
on the price premium is consistent with that in Zeng
et al. (2014), which shows that Chinese consumers on
average are only willing to spend less than 10% of
price premium. The price premium in China, howev-
er, is much lower than that in European and North
American countries (Zarnikau 2003; Eurobarometer
2005; Kaenzig et al. 2013). Bear in mind, it is difficult
to identify the heterogeneous impact across regions
because respondents are largely concentrated in the
coastal cities. They are urbanites in relatively devel-
oped regions whose preferences are likely similar.

We also inquired: why do not you choose to buy
green energy-efficient appliance? Among the 58.6% of
the responses that specified reasons, the most common
reason was the higher price of green products compared
with that of conventional products (29.1%), followed by
insufficient information about green products (21.1%),
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unreliable quality of green products (20.0%), and unre-
liable certification of green electricity product (16.5%).

We further investigated the questions related to re-
spondents’ degree of trust in green appliance labeling
certifications. 29.6% of respondents stated they trust
(8.8% completely trust and 20.8% trust) in China’s
environmental labeling certification. The percentages

are 34.6% for China’s energy efficiency certification
and 31.8% for China’s energy-saving product certifica-
tion. Since we focus on energy-saving behavior of re-
spondents in this study, we save these interesting statis-
tics for a different study.

Table 3 presents summary statistics of responses relat-
ed to behavioral intention, environmental attitude,

Table 2 Demographic and household characteristics of respondents (Q1–Q7)

Socioeconomic features Definition and unit Average S.d. Min. Max. National
average

Q1 age Mean, years 34.3 9.6 21.5 65.0 36.0

Q2 education (Edu) Education years 17.5 2.9 9.0 22.0 10.1

Q3 income (Inc) Annual income, 1000 RMB 144.0 105.0 25.0 350.0 134.0

Q4 household size (HS) Household size, number of people 3.9 1.3 1.0 6.0 3.1

Q5 electricity consumption (Elec) Electricity consumption
(kW/h per month)

105.5 62.1 25.0 250.0 110.0

Q6 choice to buy energy-saving appliances Percentage 0.70 0.46 0.00 1.00

Q7 the amount spent on energy-efficiency
home appliances

1000 RMB per household 10.21 34.58 0.0 633.0

Q8a are you willing to pay more money to
buy energy-saving appliances? (Int(1))

Dummy variable
Yes = 1, otherwise, 0

0.85 0.36 0.00 1.00

Data on the national average were taken from the Chinese Statistical Yearbooks

Table 3 Descriptive statistics of environmental attitude, concern, and psychological benefits (%)

Strongly
disagree

Disagree Neutral Agree Strongly
agree

Q8b intention (Int)

Do you think in the near future purchasing green products will
be a good thing? (Int(2))

2.0 2.3 9.4 37.4 48.8

Q9 environmental attitude

a. Do you believe that energy is a scarce resource? 3.1 4.5 13.0 32.8 46.7

b. Is your attitude serious toward protecting the environment? 1.7 2.3 9.0 34.3 52.7

Q10 environmental concern

a. Do you realize it is important to protect the environment? 1.7 1.4 6.6 22.1 68.3

b. Are you concern about air pollution? 1.8 1.3 6.5 22.7 67.7

c. Are you concern about climate change? 1.9 2.0 10.9 35.7 49.5

Q11 warm glow

a. By buying energy-saving appliances, do you feel good
because you help to protect the environment?

4.2 7.1 25.7 40.3 22.6

b. By buying energy-saving appliances, do you feel that you
are contributing to the well-being of humanity and nature?

11.1 14.6 30.9 28.3 15.0

Q12 self-expressive benefit

a. By buying energy-saving appliances, can you express your
environmental concern?

6.9 11.1 25.8 37.5 18.7

b. By buying energy-saving appliances, can you demonstrate
to your friends that you care about environmental conservation?

4.7 8.2 24.1 40.2 22.8

Average 3.91 5.48 16.19 33.13 41.28
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environmental concern, and psychological benefits (warm
glow and self-expressive benefit) (Q8b–Q12) with a tra-
ditional 5-point scale measuring the likelihood that partic-
ipants would consider “strongly disagree,” “disagree,”
“neutral,” “agree,” and “strongly agree” (Hartmann and
Apaolaza-Ibáñez 2012). According to the measurement
description in “Measurement of key variables,” we use
two indicators to measure environmental intention (Int).
Alternatively, Q8b uses “do you think purchasing energy-
saving appliances in the near future will be a good thing
(Int(2))” tomeasure the environmental intention. 86.2% of
respondents agree (37.4% agree and 48.8% strongly
agree) that purchasing energy-saving appliances in the
near future will be a good thing.

Regarding environmental attitude, 79.5% (32.8%
agree, and 46.7% strongly agree) of respondents believe
that energy is a scarce resource and 89% (34.3% agree and
52.7% strongly agree) of respondents’ attitude toward
protecting the environment are serious as well. As for
environmental concern, 90.4% (22.1% agree and 68.3%
strongly agree) of respondents realize that it is important
to protect the environment, which is consistent with prior
research (Ellen et al. 2006; Vermeir and Verbeke 2006;
Arvola et al. 2008; Liu et al. 2012). Similarly, 90.4% of
respondents (22.7% agree and 67.7% strongly agree) are
concerned about air pollution, and 85.2% (35.7% agree
and 49.5% strongly agree) are about climate change.

Regarding psychological benefits, 62.9% of respon-
dents (40.3% agree and 22.6% strongly agree) feel good
because they help to protect the environment by buying
energy-saving appliances. A bit surprisingly, less than
50% of respondents (28.3% agree and 15.0% strongly
agree) feel that they contribute to the well-being of hu-
manity and nature by buying energy-saving appliances.
Likewise, 56.2% of respondents (37.5% agree and 18.7%
strongly agree) express their environmental concern by
buying energy-saving appliances, and 63.5% of respon-
dents (40.2% agree and 22.8% strongly agree) demon-
strate to their friends that they care about environmental
conservation by buying energy-saving appliances. On
average, 74.4% of respondents appear to be pro-
environment (33.13% agree and 41.28% strongly agree).

Econometric analysis

Before carrying out empirical analyses, we checked the
multicollinearity among the explanatory variables using
Pearson and Spearman methods. The results show that

the correlation coefficients among all explanatory vari-
ables are less than 0.56, so we moved ahead to conduct
econometric analyses.5

Behavioral intention and the choice to purchase
energy-saving appliances

Table 4 presents the Probit regression results of the
impacts of behavioral intention on respondents’ choice
to purchase energy-saving appliances. Because the two
questions associated with behavioral intention are highly
correlated with each other, following the literature (Sapci
and Considine 2014), each of our regressions includes
only one intention question at a time. Additionally, we
perform analysis both with and without control variables
(household characteristics). If the sign and magnitude of
the key variable (intention) in model 1 are still similar to
those from model 2, we can conclude that the findings
are robust. Employing different control variables is a
common practice in the literature to test the robustness
of results (Wooldrige 2001, p461). The results show that
intention question 1 (Int(1)) has a consistently significant
and positive effect on the choice to purchase energy-
saving appliances, with or without household features
included (models 1 and 2). This finding is in line with the
literature (Biswas and Roy 2015; Mi et al. 2016; Cai
et al. 2019), indicating that people who are willing to buy
also translate their choice into action.

Likewise, the results also show that intention Q8b
(Int(2)) has consistently significant and positive effect
on the choice to purchase energy-saving appliances,
with or without household features (models 3 and 4),
and this is consistent with several studies in the literature
(e.g., Hartmann and Apaolaza-Ibáñez 2012; DeCicco
et al. 2015). The two findings demonstrate that environ-
mentally friendly behavior first requires behavioral in-
tention, underpinned by the actors’ knowing that their
potential acts to improve environmental quality may
have consequences for the welfare of others. Hypothesis
H1 is supported.

Regarding demographic characteristics, age and
household size are both significantly and positively
related to buying energy-saving appliances, which
agrees with the literature (Grösche and Schröder 2011;
Sardianou and Genoudi 2013). The explanation is
straightforward: as respondents grow old, they become

5 Due to space constraints, we do not report our test results, but they
will be available from the authors upon request.
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more concerned about the environment and more likely
to purchase energy-saving appliances to save energy.
Likewise, as the household size gets larger, respondents
recognize that purchasing energy-saving devices can
save more energy and reduce their expenditure in the
long term. Education and income have expected signs;
however, they are insignificant factors in the case of
China, different from the prevailing evidence from
developed countries. We identify some potential
rationale from a few extant works that may suggest
that our finding for China is not unique. For instance,
Long et al. (2018) find that education beyond high
school is no longer a significant explanatory factor for
buying energy-efficient appliances in Germany and the
USA. Baldini et al. (2018) indicate that income is a
weak predictor, even among the well-educated in Den-
mark. Abrahamse and Steg (2009) also suggest that
household energy savings appear not to be associated
with sociodemographics in the case of the Netherlands.

Effects of environmental attitude, concern
and psychological benefits on behavioral intention

Table 5 displays the Probit regression results of the
effects of environmental attitude and concern as well

as psychological benefits on respondents’ behavioral
intention to purchase energy-saving appliances (willing-
ness to pay: Int(1)). The results of models 5–6 in Table 5
reveal that environmental attitude has significantly pos-
itive effects on respondents’ intention to purchase
energy-saving appliances across different specifications.
We note that the sign for age is negative in model 6, but
positive in model 5. A possible explanation is that the
measurement for the key variable, environmental atti-
tude, is different (a vs. b). Since it is correlated with age
(0.001 for a and 0.081 for b by Spearman test, respec-
tively), it influences the sign and magnitude of age.
Interestingly, age in both models 5 and 6 are statistically
insignificant with different signs, suggesting that the
correlation between the key variables and age are trivial
and can be ignored (Wooldrige 2001, p78).

Environmental concern and environmental atti-
tude have similar effects on the intention to pur-
chase energy-saving appliances. The results of
models 7–9 in Table 5 demonstrate that environ-
mental concern also has significant positive effects
on respondents’ intention to purchase energy-saving
appliances.

As expected, the findings confirm the positive influ-
ence of consumers’ environmental attitude and concern

Table 4 Impacts of behavioral intention on respondents’ choice to purchase energy-saving appliances (ESA) in China with Probit model
(buy = 1, otherwise, 0)

Variables Model 1
Probit

Model 2
Probit

Model 3
Probit

Model 4
Probit

Energy-saving intention (Int):

Are you willing to pay more money
to buy energy-saving appliances?

0.329***
(0.101)

0.322***
(0.104)

Do you think in the near future purchasing
energy-saving appliances will be a good thing?

0.255***
(0.048)

0.247***
(0.049)

Sociodemographics

Age 0.666***
(0.162)

0.661***
(0.163)

Education 0.027
(0.205)

0.065
(0.051)

Income 0.073
(0.051)

0.054
(0.205)

Household size 0.255**
(0.107)

0.248**
(0.108)

Constant 0.227***
(0.098)

− 2.656***
(0.797)

− 0.567***
(0.207)

− 3.455***
(0.826)

Obs. 942 942 942 942

Prob > chi2 0.000 0.000 0.000 0.000

Numbers in parentheses are standard errors. ***, **, and * indicate the levels of statistical significance at 1%, 5%, and 10%, respectively
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on purchase intention presented in our “Theoretical
framework and hypotheses” section and are in line with
the existing literature (e.g., Gadenne et al. 2011; Chen
2016; Paul et al. 2016). Thus, our hypotheses H2 and
H3 are supported.

Warm glow is found to be a statistically significant
explanatory variable in models 10–11 of Table 6,
indicating that warm glow is a primary driver of
variation in the outcomes and that consumers’ expec-
tation of personal psychological happiness potentially
motivates her intention to purchase energy-saving
appliances. Unlike altruism, consumers pursuing their
own psychological happiness contributes to environ-
mental protection (Hartmann and Apaolaza-Ibáñez
2012). The findings support our hypotheses and are in
line with the existing literature (e.g., Hartmann and
Apaolaza-Ibáñez 2012).

Lastly, the results of estimating the effects of self-
expressive benefit in models 12–13 in Table 6 show a

positive influence on the intention to purchase energy-
saving appliances. The findings confirm our statement
in the “Theoretical framework and hypotheses” section
in this study and are line with some previous studies
(e.g., Griskevicius et al. 2010), although Hartmann and
Apaolaza-Ibáñez (2012) do not find a significant rela-
tionship between self-expressive benefit and purchase
intention. Thus, our hypotheses H4 and H5 are
supported.

As to the importance of the magnitude of the esti-
mates, the findings demonstrate that Warm glow “By
buying energy-saving appliances, do you feel good be-
cause you help to protect the environment?” with the
coefficient by 0.368 has relatively larger impact than
other variables in Table 6.

Unexpectedly, all the control variables except income
are not significant. Income turns out to have significant-
ly positive impacts on the intention to purchase energy-
saving appliances. According to the permanent income

Table 5 Impacts of environmental attitude, and concern on behavioral intention, represented by the willingness to pay for energy-saving
appliances (Int(1))

Variables Model 5
Probit

Model 6
Probit

Model 7
Probit

Model 8
Probit

Model 9
Probit

Environmental attitude

Do you believe that energy is a scarce resource? 0.179***
(0.046)

Is your attitude toward protecting the
environment serious?

0.171***
(0.054)

Environmental concern

Do you realize it is important to protect
the environment?

0.162***
(0.056)

Are you concern about air pollution? 0.103**
(0.057)

Are you concern about climate change? 0.159***

(0.054)

Sociodemographics

Age 0.038
(0.184)

− 0.018
(0.184)

− 0.022
(0.184)

− 0.022
(0.184)

− 0.042 (0.185)

Education 0.117
(0.245)

0.109
(0.243)

0.110
(0.244)

0.105 (0.244) 0.084
(0.244)

Income 0.139**
(0.058)

0.149*** (0.057) 0.147***
(0.057)

0.151***
(0.057)

0.155***
(0.057)

Household size − 0.002
(0.126)

− 0.021
(0.125)

− 0.012
(0.125)

− 0.007
(0.124)

− 0.020
(0.125)

Constant − 0.471
(0.955)

− 0.257
(0.946)

− 0.243
(0.952)

0.015
(0.947)

− 0.057
(0.937)

Obs. 942 942 942 942 942

Prob > chi2 0.000 0.000 0.000 0.000 0.000

Numbers in parentheses are standard errors. ***, **, and * indicate the levels of statistical significance at 1%, 5%, and 10%, respectively
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hypothesis, as income increases, respondents become
more inclined to buy energy-saving devices.

Robustness check

Previous studies have employed different indicators as
alternative measures to conduct robustness checks. In
contrast to the regressions in Tables 5 and 6, regressions
in Table 7 employ “Do you think purchasing green
products in the near future will be a good thing?” as an
alternative measure of environmental intention. If the
sign and magnitude of the key variable in Table 7 are
still similar to Table 5, the results are robust.

Tables 7 and 8 present the ordered Probit regression
results of the effects of environmental attitude and con-
cern as well as psychological benefits on respondents’
behavioral intention (Int(2)) to purchase energy-saving
appliances in China.

The findings confirm the results in Tables 5 and 6.
All variables—environmental attitude, environmental
concern, warm glow, and self-expressive benefit—

have similar sign and magnitude. Thus, environmental
attitude, environmental concern, warm glow, and self-
expressive benefit have positive influences on respon-
dents’ behavioral intention to purchase energy-saving
appliances. Likewise, the only control variable, income,
has significantly positive impacts on the intention to
purchase energy-saving appliances. These results con-
firm that our findings are robust. Note that a similar
explanation to age in the previous section can be applied
to interpreting results from models 14 and 15 as well as
all other models. In this case, the findings demonstrate
that Environmental concern “Do you realize it is impor-
tant to protect the environment?” has the relatively
bigger impact than other variables in terms of the mag-
nitude of the estimates in Table 7.

Conclusion and policy implications

In addition to top-down policies, changing human
behavior—the bottom-up approach—is another way to

Table 6 Impact of psychological benefits on behavioral intention, represented by the willingness to pay for energy-saving appliances
(Int(1))

Variables Model 10
Probit

Model 11
Probit

Model 12
Probit

Model 13
Probit

Warm glow

By buying energy-saving appliances, do you feel good
because you help to protect the environment?

0.368***
(0.048)

By buying energy-saving appliances, do you feel that you
are contributing to the well-being of humanity and nature?

0.302***
(0.047)

Self-expressive benefits

By buying energy-saving appliances, can you express
your environmental concern?

0.238***
(0.044)

By buying energy-saving appliances, can you demonstrate
to your friends that you care about environmental conservation?

0.183***
(0.042)

Sociodemographics

Age − 0.037
(0.189)

− 0.086
(0.188)

− 0.007
(0.186)

0.039
(0.185)

Education 0.209
(0.253)

0.171
(0.249)

0.149
(0.249)

0.146
(0.248)

Income 0.157***
(0.059)

0.176***
(0.058)

0.173***
(0.058)

0.168***
(0.058)

Household size − 0.054
(0.129)

−0.032
(0.127)

− 0.060
(0.127)

− 0.027
(0.126)

Constant − 1.008
(0.971)

− 0.570
(0.957)

− 0.478
(0.948)

− 0.429
(0.951)

Obs. 942 942 942 942

Prob > chi2 0.000 0.000 0.000 0.000

Numbers in parentheses are standard errors. ***, **, and * indicate the levels of statistical significance at 1%, 5%, and 10%, respectively
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conserve energy when the adverse effects of climate
change are looming large. In this study, we assess the
determinants of consumers’ intention and the choice to
purchase energy-saving appliances from the perspective
of environmental attitude, concern, and psychological
benefits. We narrow down on the purchase of energy-
saving appliances and apply Probit models to a sample
of 942 online survey responses collected in 2016.

Our findings suggest that behavioral intention has
significant and positive effects on the choice to purchase
energy-saving appliances. Further analysis indicates that
environmental attitude and concern as well as psycho-
logical benefits have significantly positive impacts on
respondents’ behavioral intention to buy energy-saving
appliances. One major insight is that in addition to the
usual understanding that external, peer effect will in-
crease environmentally friendly behavior, internal self-
motivation can also be a key driver. Our paper’s docu-
mentation that perceived psychological benefits posi-
tively affect behavioral intention is a first kind for

research in China. Furthermore, our findings show that
age and household size are significantly and positively
correlated with the decision to purchase energy-saving
appliances.

Our study thus offers the following policy implica-
tions for promoting the purchase and adoption of
energy-saving appliances in China. These implications
are likely applicable to promote other environmentally
friendly products. Behavioral intention offers a useful
window into encouraging consumers’ adoption of
energy-saving appliances, and such intention is a medi-
ator variable that is undergirded by consumers’ environ-
mental attitude and concern as well as psychological
benefits. Therefore, policies that can change consumers’
attitude and concern, or perceived psychological bene-
fits, are conducive to promoting behavioral change.
First, providing more relevant environmental informa-
tion may shift consumers’ environmental attitude. For
example, the government or appliance vendors can
make efforts to disseminate scientific evidence that

Table 7 Robust check: impacts of environmental attitude, and concern on behavioral intention of purchasing energy-saving appliances by
ordered probit regression (Int(2))

Variables Model 14
Ordered
Probit

Model 15
Ordered
Probit

Model 16
Ordered
Probit

Model 17
Ordered Probit

Model 18
Ordered Probit

Environmental attitude

Do you believe that energy is a scarce resource? 0.523***
(0.038)

Is your attitude toward protecting the environment serious? 0.836***
(0.048)

Environmental concern

Do you realize it is important to protect the environment? 0.838***
(0.050)

Are you concern about air pollution? 0.740***
(0.049)

Are you concern about climate change? 0.731***
(0.046)

Sociodemographics

Age 0.194
(0.141)

− 0.046
(0.144)

− 0.074
(0.143)

− 0.132
(0.142)

− 0.145
(0.143)

Education − 0.170
(0.178)

− 0.166 (0.180) − 0.138
(0.179)

− 0.156
(0.178)

− 0.310
(0.180)

Income 0.035
(0.044)

0.067
(0.045)

0.058
(0.045)

0.050
(0.044)

0.087** (0.044)

Household size 0.082
(0.094)

0.008
(0.096)

0.033
(0.095)

0.054
(0.094)

0.004
(0.095)

Obs. 942 942 942 942 942

Prob > chi2 0.000 0.000 0.000 0.000 0.000

Numbers in parentheses are standard errors. ***, **, and * indicate the levels of statistical significance at 1%, 5%, and 10%, respectively
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energy scarcity and climate change are at least partly due
to anthropogenic activities. Disseminating information
such as atmospheric emissions, energy mix, and new
renewable capacity installed may also shift consumers’
attitude in favor of purchasing energy-efficient appli-
ances (Johnson and Frank 2006; Hartmann and
Apaolaza-Ibáñez 2012; Long et al. 2018). Second,
boosting consumers’ environmental concern via public
campaigns and popular channels, such as primetime TV,
is another sensible policy measure. Third, changing
consumers’ perceived psychological benefits of using
energy-saving products through public advertising can
help make consumers “feel good while doing well”
socially and environmentally (Wiser 1998; Hartmann
andApaolaza-Ibáñez 2012). These efforts work together
to influence consumers’ environmental attitude and con-
cern as well as perceived psychological benefits and
thereby bending environmental intention toward the
choice of purchasing energy-efficient appliances. Lastly,
from the perspective of marketing energy-saving appli-
ances, targeting larger households with more senior
residents can increase the odds of adoption.

This study also provides directions for future re-
search. For instance, future research can assess habitual
energy-saving behavior other than the use of energy-
saving appliances, such as turning off lights when leav-
ing the room or shutting down the power when an
appliance is not in use. Future research can also explore
regional variations within China, given the known re-
gional differences in the levels of economic develop-
ment and educational attainment as well as divergences
in preferences. To do that, future researchers can
geolocate the respondents and explore geographical var-
iations. To conclude, this study not only provides micro-
level insights into promoting China’s sustainable devel-
opment but also offers a reference point for future re-
search on purchasing energy-saving appliances in other
countries, particularly the developing countries.
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