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Abstract: This study used micro data from the Chinese General Social Survey (CGSS) in 2018 to
explore the impact of China’s residential clean energy consumption on residents’ subjective well-
being. Our research results show that: the more clean energy consumption is present in housing, the
stronger the residents’ sense of happiness; furthermore, it can be seen from the results of marginal
effects that the increase in residential clean energy consumption increases the probability of residents
choosing “relatively happy” and “extremely happy”. Moreover, the heterogeneity analysis found that
the increase in residential clean energy consumption increased the happiness of people with housing
and low education, and also increased the happiness of residents in central China and middle-aged
and elderly residents; the intermediary analysis shows that the use of clean energy in housing
improves the health of residents, and improves their quality of life while increasing their expenditure.
In addition, central heating affects the relationship between residential clean energy consumption
and residents’ well-being. Further analysis shows that there is no non-linear relationship between the
increase in residential clean energy consumption and residents’ happiness. This study enriches the
research on residential clean energy and provides policy suggestions for improving residents’ living
standards and welfare.

Keywords: clean energy; subjective well-being; energy consumption; health; China residents

1. Introduction

Energy is a basic element for human survival and development, and residential energy
consumption is an important part of China’s energy demand [1]. Demand for energy has
increased with the development of the Chinese economy [2]. On the one hand, traditional
energy is nonrenewable. With the continuous exploitation and use of human beings,
traditional fossil energy will eventually be exhausted [3]. On the other hand, traditional
fossil energy produces a large amount of greenhouse gases such as CO2 during combustion,
and when fossil energy is not completely burned, it produces harmful gases such as SO2
and CO [4]. Under the background of green and sustainable development, clean energy
has become an ideal substitute for traditional fossil energy [5]. In addition, the Chinese
government promised in the “Paris Climate Summit” to achieve peak carbon emissions by
2030 and carbon neutrality by 2060 [6]. In order to fulfill its commitments, reducing the
use of traditional energy and increasing clean energy consumption are important measures
taken by the Chinese government to reduce carbon dioxide emissions [7]. As shown in
Figure 1, from 2000 to 2019, China’s per capita domestic energy consumption increased
from 132 kg to 438 kg coal equivalent, an increase of 3.2 times. For Chinese residents, on
the one hand, the energy consumption of Chinese residents is still dominated by traditional
sources (e.g., coal, firewood). The efficiency of solid fuels is low, heat is insufficient, and
many harmful gases are produced during combustion, which is not conducive to the health
of residents while polluting the environment [8]. However, the use of low-quality energy
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aggravates economic poverty [9]. To obtain basic energy consumption, low-income people
often need to spend a lot of time collecting straw or wood, which to a certain extent, occupies
the working time of residents and the time for children to learn, ultimately leading to a
negative feedback cycle between energy shortage and economic poverty [10]. The United
Nations Sustainable Development Goal 7 (SDG 7) emphasizes that “everyone has access to
affordable, reliable and sustainable modern energy” [11]. The Chinese government has also
established the “Energy Consumption Revolution (ECR)” as a basic strategy for China’s
energy development and formulated specific plans [12]. Furthermore, with the promotion
of infrastructure construction in China, China has achieved full coverage of electricity, and
energy infrastructure such as natural gas pipelines, are also under construction. China’s
residential energy consumption mode has gradually changed from traditional to clean
energy, and its energy use mode has improved [13]. The use of clean energy differs from
traditional energy sources. Can clean energy overcome the limitations of traditional energy
in improving residents’ happiness and effectively enhancing their well-being? Moreover,
owing to obvious regional development differences in China, is there any difference in the
impact of clean energy consumption on residents’ well-being? As one of the important
starting points of the clean energy policy, the current academic community has not yet
established a clear answer to this question. This study attempts to answer these two
questions and focuses on the impact of clean energy consumption on residents’ health.
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Figure 1. Domestic energy consumption of Chinese residents.

In recent years, discussions on the factors influencing residents’ well-being have
become widespread among scholars. At present, there are two theories to measure residents’
well-being: on the one hand, it is the objectivist welfare theory. Objectivist welfare theory
advocates measuring welfare by income, wealth, and commodity ownership [14]. In
addition, social environment and behavioral culture are also factors that affect residents’
well-being; on the other hand, the utilitarian utility welfare theory takes utility as the
index to evaluate welfare. Utility is equivalent to subjective psychological evaluations
such as happiness or happiness and satisfaction with life, including sensory enjoyment
and pain, as well as spiritual pleasure and torture [15]. Personal happiness is a complex
combination of multiple levels and elements. The distribution of happiness is similar to that
of human needs, conforming to Maslow’s hierarchy of needs theory. Many scholars have
characterized residents’ welfare by their subjective psychological evaluation and carried
out research, age difference [16], gender difference [17], employment status [18] and income
inequality [19] affect residents’ happiness; Herman et.al. (2013) found that residents’ health
status significantly affects their life satisfaction. The healthier the residents are, the higher
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their life satisfaction will be [20]. Based on the above literature, this study uses residents’
subjective well-being to represent their welfare.

Currently, research on residential clean energy consumption and residents’ subjective
well-being is mainly concentrated in developed countries. Binder and Blankenberg’s
(2017) research on British households found that residents’ clean energy consumption
was positively correlated with their life satisfaction [21]. Spanish research shows that
clean energy has made important contributions to the sustainable development of local
society, economy, and environment, and has improved the living standard and happiness
of local residents [22]. Welsch and Biermann’s survey of European residents showed that
an increase in the share of wind energy and solar energy will improve residents’ sense of
happiness [23]. Moreover, residential clean energy consumption will promote household
living standards through lighting, cooking and other behaviors, thus improving residents’
life satisfaction [24]. In addition, some scholars’ research on 27 countries such as the
United States and Germany shows that the use of clean energy is significantly positively
correlated with residents’ life satisfaction [25]. However, few scholars have studied the
impact of China’s residential clean energy consumption on residents’ subjective well-being.
Therefore, improving the consumption of clean energy in residential buildings is not only
an important proposition to realize China’s energy transformation, but also an objective
need to improve residents’ living standards and welfare. Therefore, studying the clean
energy consumption of buildings in China is of practical significance.

In summary, this study explores the impact of clean energy consumption in China’s
housing on residents’ subjective well-being from the actual situation in China, using micro
data from the Chinese General Social Survey (CGSS) in 2018. The marginal contributions
of this study are as follows: first, this paper analyzes the impact of residential clean
energy consumption on residents’ welfare from the theoretical and empirical perspectives,
and also effectively identifies the mechanism of the impact of residential clean energy
consumption on residents’ welfare from the perspective of utility function, which provides
a new way for China to implement the “energy consumption revolution” policy to improve
residents’ welfare; secondly, this paper extends the research perspective from macro energy
consumption behavior to micro household energy consumption behavior, and measures
the impact of China’s residential energy consumption on residents’ welfare; thirdly, this
study brings the heterogeneity characteristics of residents’ age, education background
and region into the analysis framework to explore the characteristics of residential clean
energy consumption on subjective well-being of different residents. Furthermore, compared
with other micro survey data, this paper makes in-depth research and innovative use of
the data of CGSS (2018) energy module, filling the lack of research on clean energy in
China’s housing due to the lack of micro data, in order to better analyze China’s residential
energy problems.

2. Theoretical Analysis

Based on China’s national conditions, this study defines residents’ welfare as utility
from the perspective of welfare economics, constructs a theoretical model in line with
China’s actual situation, and analyzes the impact of residential clean energy consumption
on residents’ well-being. To better analyze the relationship between the two, this study
makes the following assumptions: (1) there are two types of consumption, building clean
energy consumption (Cg) and other total consumption (C); (2) all the income gained in one’s
life is used for consumption; (3) the use of residential clean energy can obtain economic
benefits, and the higher the use of residential clean energy, the higher the benefits that can
be obtained.

The general utility function is considered an increasing function of the utility con-
sumption level, that is, U = U(y). Based on the above assumptions, this study constructs
the resident utility function as:

U
(
C, Cg

)
= lnC + βlnCg (1)
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where β represents the weight of clean energy consumption on utility. For individual
residents, the constraints are:

C× P1 + Cg × P2 = Y + ∆Cg (2)

P1 indicates the price level of the total consumption in the market. P2 indicates the price
level of clean energy consumption; Y represents the absolute income level of an individual
in his life; ∆Cg represents the economic benefits of using clean energy. Individuals choose
the best clean energy consumption (Cg) and other total consumption (C) to maximize the
weighted utility function, that is,

MaxU
(
C, Cg

)
(3)

s.t. C× P1 + Cg × P2 = Y + ∆Cg (4)

s.t. is the constraint condition, using the Lagrangian method:

L = lnC + βlnCg + λ
(
C× P1 + Cg × P2 −Y− ∆Cg

)
(5)

thus,

C =
Y + ∆Cg

P1 + βP1
(6)

Cg =
β
(
Y + ∆Cg

)
P2(1 + β)

(7)

Therefore, the maximum utility value that individuals can get is:

Umax = ln
(

Y + ∆Cg

P1 + βP1

)
+ β ln [

β
(
Y + ∆Cg

)
P2(1 + β)

] (8)

Based on this, this study proposes the following hypothesis: there is a positive rela-
tionship between building clean energy consumption and residents’ well-being.

3. Data and Model Setting
3.1. Data Source and Sample Selection

The data used in this study were obtained from the Chinese General Social Survey
(CGSS) conducted in 2018, which was implemented by the China Research and Data Center
of Renmin University of China. This data covers 28 provinces, autonomous regions and
municipalities in China except Hainan, Tibet, Xinjiang, Hong Kong, Macao and Taiwan.
The population surveyed included urban and rural residents aged ≥ 18 years. The sample
was representative and could be used for reliable statistical analyses. The survey items
mainly included basic characteristics of respondents, the social attitude of the interviewees,
including self-rating of social status and happiness of life, and energy use of the intervie-
wees, including energy expenditure, heating, etc. Combined with the research theme of
this study, the data were collated, and samples lacking basic variables (such as happiness
and household expenditure) and invalid samples were deleted. The final valid samples
were 3012.

Compared with the samples used in the existing research, the data used in this study
have the following advantages in research on building clean energy and residents’ well-
being in China: (1) CGSS (2018) is one of the most detailed data on energy consumption in
China, including electricity, natural gas, gas, central heating and other data; (2) CGSS (2018)
carried out a detailed survey on residents’ sense of happiness, health, education, and social
status, making our later mechanism analysis more reliable.

3.2. Research Design and Variable Processing

In economic research, subjective well-being is often used to measure residents’ wel-
fare [26]. This is because we can avoid the shortcomings of using income to represent
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residents’ welfare, because it is not necessarily that residents with higher income have
higher welfare. The higher the income, the greater the desire, and utility may be reduced,
leading to a reduction in welfare. In addition, measuring welfare using objective indicators
such as income or wealth can ultimately be transformed into whether life is happy. When
residents’ income or wealth meets their desires, they are happy [27]. As a subjective con-
cept, it is difficult to objectify happiness; therefore, the questionnaire was reasonable and
feasible [28]. This study’s explained variable used residents’ happiness to represent their
subjective well-being. We used the question from the Chinese General Social Survey (CGSS)
data: “in general, do you think your life is happy?” to measure Chinese residents’ happiness.
Happinessi takes values from 1 to 5, where 1 means “extreme unhappiness”, 2 indicates
“relatively unhappiness”, 3 means “feel general”, 4 indicates “relatively happiness”, and
5 means “extreme happiness”.

The explanatory variable of this paper is the consumption of clean energy (Cesei).
We use Xu and Ge (2022) to define modern clean energy [29], calculate the monthly con-
sumption of electric energy, natural gas and liquefied petroleum gas used by the surveyed
residents, add them up and convert them into annual consumption. This study used the
natural logarithm of annual consumption as the explanatory variable.

The control variables were divided into two levels: personal and family. Individual
characteristics included age, gender, education, marriage, residence account, political
affiliation, race; while family characteristics included homeownership, residential area,
family size, and family economic status.

The intermediary variables in this study were health and household expenditures.
Health represents the health status of the respondents, and household expenditure is the
annual household expenditure of the respondents. The data indicators of the regulating
variables were obtained from the CGSS questionnaire “do you have central heating in
your home?”, we set central heating to 1 and no central heating to 0. See Table 1 for
variable definitions. Figure 2 shows that there is a positive correlation between clean energy
consumption and happiness of Chinese residents.

Table 1. Variable definition.

Variable Variable Assignment Description

Explained
variable Happinessi

Extremely unhappy = 1, relatively unhappy = 2, acceptable = 3,
relatively happy = 4, extremely happy = 5

Explanatory
variable

Clean energy consumption
(Cecei)

Natural logarithm of annual clean energy consumption

Individual
characteristic

variables

Age The specific figures filled in by the respondents in the questionnaire shall prevail
Gender Female = 0, Male = 1

Education degree Unschooled = 0, elementary school = 6, middle school = 9, high school = 12,
junior college = 15, undergraduate = 16, master or doctoral = 19

Marriage Unmarried = 0, married = 1
Residence account Rural account = 0, city account=1
Political affiliation Other = 0, party member of CPC = 1

Race Other = 0, Han race = 1

Family
characteristic

variables

Homeownership Otherwise = 0, housing owner = 1
Residential area Natural logarithm of residential area

Family size The specific figures filled in by the respondents in the questionnaire shall prevail

Family economic status Far below average level = 1, below average level = 2, average level = 3,
above average level = 4, well above average level = 5

Mediating
variables

Health Extremely unhealthy = 1, relatively unhealthy = 2, acceptable = 3,
relatively healthy = 4, extremely healthy = 5

Household expenditures Natural logarithm of annual household expenditures

Moderator
variable Central heating No central heating = 0, have central heating = 1
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3.3. Model Analysis

Considering that the variable Happinessi is restricted to ordered data, if OLS estima-
tion is adopted, it is biased and inconsistent. Therefore, based on theoretical analysis, we
adopt an ordered probit for the estimation. The empirical model used in this study is
as follows:

Happinessi = α0 + α1Cesei + α2Xi + θi + µi (9)

In Equation (9), Happinessi represents the happiness of resident i, which is the ex-
plained variable; Cesei is an explanatory variable that represents clean energy consumption;
Xi is a series of control variables, including personal and family characteristics; θi is the
regional fixed effect; εi is the random interference term. Assumptions µ ∼ N(0, 1)
distribution, the Oprobit model can be expressed as:

P(Happiness = 1 | x) = P(Happiness∗ ≤ r0 | x) = φ(r0 − α1Cesei − α2Xi − θi)
P(Happiness = 2 | x) = P(r0<Happiness∗ ≤ r1 | x)

= φ(r1 − α1Cesei − α2Xi − θi)− φ(r0 − α1Cesei − α2Xi − θi)
· · ·
P(Happiness = 5 | x) = P(r3 ≤ Happiness∗ | x) = 1− φ(r3 − α1Cesei − α2Xi − θi)

(10)

In Equation (10), r0 < r1 < r2 < r3 is the parameter to be estimated; and the value of
Happinessi is 1 to 5. The maximum likelihood method was used to estimate the model
parameters by constructing the likelihood function of happiness for each respondent.

3.4. Descriptive Statistics

To obtain a preliminary understanding of the studied samples, we first conducted a
descriptive analysis of the relevant variables, and the results are shown in Tables 2 and 3.
We found that the mean value of the variable “happiness” was 3.8678, indicating that the
happiness of the surveyed residents was between “relatively happiness” and “acceptable”,
close to “relatively happiness”; secondly, the variable “gender” is 0.4641, which shows that
the proportion of men and women interviewed is approximately equal, which is relatively
representative; moreover, we have noticed that the education level of residents is 8.3434,
indicating that compulsory education is basically universal in China, but the education
level of Chinese residents still needs to be improved. Meanwhile, “marriage” represents
whether the residents interviewed are married. 78.85% of the respondents in the sample
are married. The value of the variable “residence account” is 0.4180, indicating that nearly
42% of the residents interviewed are urban residence account. In addition, 91.27% of the
respondents own houses, which indicates that the housing ownership rate of Chinese
residents is extremely high, and the policy of “having a place to live” is basically realized.
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Furthermore, the variable “family size” is 2.8390, which indicates that Chinese families are
basically composed of parents and one child, and the only child has become the mainstream.
Finally, the “family economic status” value is 2.5710, which reflects that most respondents
believe that their economic status is between the below average level and the average level.

Table 2. Descriptive statistics of binary variables.

Variable Mean Std. Dev Min Max 0 (%) 1 (%)

Gender 0.4641 0.4988 0 1 53.59% 46.41%
Marriage 0.7885 0.4084 0 1 21.15% 78.85%

Residence account 0.4180 0.4933 0 1 58.20% 41.80%
Political affiliation 0.0966 0.2955 0 1 90.34% 9.66%

Race 0.9240 0.2651 0 1 7.60% 92.40%
Homeownership 0.9127 0.2823 0 1 8.73% 91.27%
Central heating 0.2095 0.3321 0 1 79.05% 20.95%

Table 3. Descriptive statistics of other variables.

Variable Mean Std. Dev Min P50 P75 Max

Happiness 3.8659 0.8207 1 4 4 5
Clean energy consumption 7.3099 0.8009 2.4849 7.3340 7.7857 11.1845

Age 51.8373 15.9224 18 52 64 93
Education degree 8.3434 4.7950 0 9 12 19
Residential area 4.6292 0.9423 1.9459 4.6001 4.8828 9.2102

Family size 2.8390 1.4216 1 3 4 14
Family economic status 2.5710 0.7119 1 3 3 5

Health 3.5252 1.0869 1 4 4 5
Household expenditures 10.0647 1.1141 1.3863 10.1659 10.7852 14.4307

4. Analysis of Empirical Results
4.1. Benchmark Regression

Table 4 presents the regression results for the Oprobit model. Column (1) only controls
for the explanatory variables and regional fixed effects and examines the direct impact of
Chinese residents’ clean energy consumption on their happiness. The regression results
show that there is a positive relationship between residents’ clean energy consumption
and their well-being, and it is significant at the 1% statistical level. Column (2) adds
individual characteristic variables on the basis of Column (1), and the explanatory variables
are significant at the 1% level. Column (3) all control variables are included in the model,
and the regression results are significant at the 5% level, and are basically consistent with
the operation results of the first two models. For each control variable, according to the
estimated results in Column (3) of Table 4, we can see from the regression coefficient of age
and its square that there is a significant U-shaped relationship between age and happiness.
At the same time, there is gender difference in residents’ well-being, and the well-being of
men is lower than that of women. There is a significant positive correlation between the
political identity of party members and residents’ happiness. In addition, we found that
family size was positively correlated with residents’ happiness; the higher the economic
status of the family, the better the living conditions of residents, and they will feel happier.
In general, the influence direction and significance level of the explanatory variables do not
change significantly between the columns, indicating that the model estimation is relatively
robust. This further shows that there is a significant positive relationship between residents’
clean energy consumption and happiness.
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Table 4. Benchmark regression.

Variables Explained Variable: Happiness

(1) (2) (3)

Clean energy consumption 0.125 ***
(0.033)

0.120 ***
(0.035)

0.071 **
(0.035)

age −0.049 ***
(0.010)

−0.042 ***
(0.010)

Square of age 0.501 ***
(0.097)

0.442 ***
(0.095)

Gender −0.102 ***
(0.046)

−0.089 **
(0.047)

Education degree 0.003
(0.005)

−0.006
(0.005)

Marriage 0.216 ***
(0.076)

0.123
(0.077)

Residence account 0.038
(0.061)

−0.002
(0.064)

Political affiliation 0.159 ***
(0.055)

0.117 *
(0.064)

Race 0.006
(0.119)

0.004
(0.110)

Homeownership 0.132
(0.093)

Residential area 0.030
(0.023)

Family size 0.041 **
(0.020)

Family economic status 0.400 ***
(0.041)

Regional fixed effect Yes Yes Yes

/cut1 −1.637 ***
(0.244)

−2.545 ***
(0.415)

−1.626 ***
(0.389)

/cut2 −0.820 ***
(0.252)

−1.713 ***
(0.441)

−0.744 *
(0.413)

/cut3 −0.173
(0.243)

−1.056 **
(0.428)

−0.050
(0.407)

/cut4 1.601 ***
(0.250)

0.740 *
(0.438)

1.811 ***
(0.410)

Observations 3012 3012 3012
Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

4.2. Marginal Utility

Since the regression coefficient value of the Order probit model has no reference
significance, we can only obtain limited information from the regression results, such as the
significance level and sign direction. Therefore, this section further calculates the marginal
effect of the order probit regression. The calculation method is as follows:

∂P(y = i | x)
∂Pxi

∣∣∣∣
x = x

(i = 1, 2, 3, 4, 5) (11)

x represents all control variables and regional fixed effects except the explanatory
variables in the two−stage regression. Formula (11) indicates that when other variables are
at their mean value and remain fixed, the change in xi per unit will lead to a change in the
probability of taking i = 1, 2, 3, 4, 5 as the explanatory variable.

Because the explanatory variable Ĉece of the two-stage regression is the fitting value
of the one-stage probit regression, Ĉece can be regarded as a continuous variable. When the
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probability of Cece = 1 changes, the change in the marginal probability of the explanatory
variable i = 1, 2, 3, 4, 5 is taken as:

∂P(y = i | x)
∂P(Cece = 1 | x)

∣∣∣∣
x = x

=
∂P(y = i | x)/∂Ĉece

∂P(Cece = 1
∣∣∣ x)/∂Ĉece

∣∣∣∣∣∣
x = x

(i = 1, 2, 3, 4, 5) (12)

Table 5 presents the marginal effects of column (3) of Table 3. From the perspective of the
marginal effect of explanatory variables, when all other variables are at the mean value and
remain unchanged, the probability of clean energy consumption P(Cece = 1 | x) increases
every ∆, and the probability of happiness value “extremely unhappy” P(happiness = 1 | x)
decreases by 0.002150∆, and so on. The probability P(happiness = 2 | x) of value “rela-
tively unhappy” decreases by 0.007405∆; the probability P(happiness = 3 | x) of value
“acceptable” decreases 0.009807∆; the probability P(happiness = 4 | x) of the value “rela-
tively happy” increases 0.002444∆; and the probability P(happiness = 5 | x) of the value
“extremely happy” increases 0.016918∆. According to the results of marginal effects, the
increase in clean energy consumption increases the probability of residents choosing “rela-
tively happy” and “extremely happy”, and reduces the probability of residents choosing
“extremely unhappy”, “relatively unhappy” and “acceptable”.

Table 5. Marginal utility.

Variable Explanatory Variable: Clean Energy Consumption
Happiness dy/dx Standard Error Z Statistics p-Value Significance

1 −0.002150 0.001090 −1.97 0.049 **
2 −0.007405 0.003738 −1.98 0.048 **
3 −0.009807 0.004772 −2.06 0.040 **
4 0.002444 0.001218 2.01 0.045 **
5 0.016918 0.008263 2.05 0.041 **

Robust standard errors in parentheses, ** p < 0.05.

4.3. Robustness Check

To further ensure the reliability of the research conclusions, we conducted a robustness
test on the regression model from the perspectives of samples and models. Table 6 presents
the results. First, we changed the explained variable, replacing “happiness” with “social
stratum”. Since there is a strong correlation between social status and happiness [30], we
choose to replace happiness with social status as the explained variable. The data indicators
are from the CGSS question volume “what do you think of your current social status?”; the
variable value ranges from 1 to 10, and all control variables and provincial fixed effects are
introduced to conduct an ordered probit regression on the model. The regression results
are still significant at the 1% significance level, as shown in Table 6 (1). Second, we replaced
the regression model for the robustness test, using the ordered logit model and Tobit model
for regression, and the empirical steps were consistent with the benchmark regression.
Columns (2) and (3) of Table 6 show the regression results. The explanatory variables are
significant at the 5% levels, which is consistent with the above results, indicating that the
estimation results are robust.

4.4. Placebo Test

Owing to differences in the economic development of China’s provinces, different
regions have different characteristics. Although the regional fixed effect is controlled for
in the regression equation, it may have different effects on interviewees with different
educational backgrounds, genders and other aspects. To test the effectiveness of the above
research results, this study uses the method of randomly generating experimental groups
to complete the placebo test, to verify the impact of clean energy consumption on the
difference in residents’ well-being. First, we randomize the core explanatory variable
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“clean energy consumption”, and then put it into the regression model to generate an
estimation coefficient β̂. This process was repeated 1000 times, and finally 1000 β̂ was
obtained; Figure 3 shows β̂ distribution. The β̂ distribution is close to the standard normal
distribution, and the mean value is close to 0, indicating that the estimation equation passed
the placebo test, indicating that the impact of clean energy consumption on residents’ well-
being is robust, and excluding the interference of other random factors on the results.

Table 6. Robustness check.

Variables Explained Variable:
Social Stratum Explained Variable: Happiness

(1) (2) (3)

Ordered Probit Ordered Logit Tobit

Clean energy consumption 0.092 ***
(0.030)

0.119 **
(0.060)

0.046 **
(0.022)

Individual characteristic variables Yes Yes Yes
Family characteristic variable Yes Yes Yes

Regional fixed effect Yes Yes Yes
Observations 3012 3012 3012

Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05.
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5. Heterogeneity Analysis
5.1. By Age

The impact of energy consumption on different people is not identical [31]. With
increasing age, the age energy consumption curve shows almost linear growth [32]. The
results in Table 7 show that for different age groups of the study, there is a heterogeneous
effect of clean energy consumption on residents’ well-being, and the older the age, the
higher the significance of the effect of clean energy consumption on residents’ well-being.
On the one hand, young people under the age of 35 are more willing to reduce the de-
pendence on their original families and establish their own families. They tend to live in
smaller families with a low capacity for energy consumption, which does not reflect that
clean energy can improve their quality of life, thus improving their sense of happiness;
on the other hand, for middle-aged and elderly people over 35 years old, most of them
are married and have children, and perform more energy consuming activities such as
cooking and washing, which increases the energy consumption of the middle-aged and
elderly groups. Furthermore, these behaviors improve the quality of life of middle-aged
and elderly individuals and increase their life satisfaction. Moreover, with increasing age
and the gradual degradation of physical functions, middle-aged and elderly people have a
slightly higher demand for comfort in their living environment. They pay more attention
to products closely related to their own health [33]. The use of clean energy can make them
healthier and increase their sense of well-being.
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Table 7. Heterogeneity analysis from the perspectives of age.

Variables Explained Variable: Happiness
(1) (2) (3)

18–35 35–60 More Than 60

Clean energy consumption −0.018
(0.064)

0.102 *
(0.058)

0.092 **
(0.042)

Individual characteristic variables Yes Yes Yes
Family characteristic variable Yes Yes Yes

Regional fixed effect Yes Yes Yes
Observations 541 1506 965

Robust standard errors in parentheses, * p < 0.1, ** p < 0.05.

5.2. By Homeownership and Education Degree

The difference between residents’ housing and educational backgrounds may also
bring about the heterogeneous impact of clean energy consumption on well-being. This
section further discusses whether housing and educational differences exist in the impact
of clean energy consumption on residents’ well-being. The regression results in columns (1)
and (2) of Table 8 show a significant positive relationship between clean energy consump-
tion and the happiness of residents with housing. The relationship between happiness of
residents without housing and clean energy consumption was not significant. We believe
that for residents without housing, they may consume more in other aspects, are insensitive
to energy consumption, and have greater randomness. The way for residents with housing
to enjoy clean energy is more convenient. Simultaneously, clean energy can improve the
quality of life of residents in housing and make them feel happier. In addition, the results
in Columns (3) and (4) of Table 8 indicate that for the low educated group, clean energy
consumption can significantly promote happiness, while those with high education are
not significant. We refer to people with a college degree or above as people with a high
educational background, while people with other educational backgrounds are those with
a low educational background. Compared with people with low education background,
people with high education background have a higher income level, and their quality of
life has greater advantages compared with people with a low education background. The
marginal utility of clean energy consumption on the quality of life of highly educated
people is relatively small. Generally, the quality of life of the lower education group is
probably less than that of the higher education group. Therefore, the marginal utility
of consuming clean energy is relatively high for the lower education group, which can
increase their life satisfaction.

Table 8. Heterogeneity analysis from the perspectives of homeownership and education degree.

Variables Explained Variable: Happiness
(1) (2) (3) (4)

Homeownership Non-Homeownership Lower Education Higher Education

Clean energy consumption 0.086 **
(0.037)

−0.107
(0.093)

0.076 **
(0.037)

−0.004
(0.083)

Individual characteristic variables Yes Yes Yes Yes
Family characteristic variable Yes Yes Yes Yes

Regional fixed effect Yes Yes Yes Yes
Observations 2749 263 2578 434

Robust standard errors in parentheses, ** p < 0.05.

5.3. By Region

There are differences in the economic development of the eastern, central, and western
regions of China, and the demand for energy in each region is different [34], which causes
a large gap in the impact of clean energy consumption on the well-being of residents in
the eastern, central and western regions of China. Table 9 reports the estimation results



Buildings 2022, 12, 2037 12 of 17

grouped into the central, western, and eastern regions. Robust standard errors were used
for each estimation equation. For the central region, the regression results show a significant
positive correlation between clean energy consumption and residents’ well-being, which is
significant at the 5% statistical level. This indicates that clean energy in the central region
can promote the happiness of residents. Moreover, compared to the basic regression results
using the national sample, the coefficient of clean energy consumption in the regression
results of the central region is larger, which shows that the happiness enhancement effect
of clean energy consumption in the central region is higher than the average level in China.
In addition, residents’ clean energy consumption was not significant in the eastern and
western regions, which indicates that the use of clean energy in these regions did not
produce a significant happiness enhancement effect.

Table 9. Heterogeneity analysis from the perspectives of region.

Variables Explained Variable: Happiness

(1) (2) (3)
Mid West East

Clean energy consumption 0.103 **
(0.051)

−0.018
(0.061)

0.089
(0.063)

Individual characteristic variables Yes Yes Yes
Family characteristic variable Yes Yes Yes

Regional fixed effect Yes Yes Yes
Observations 1064 767 1181

Robust standard errors in parentheses, ** p < 0.05.

We believe that whether clean energy consumption can play a significant role in
improving residents’ well-being is limited by economic development and income levels.
Compared to the central region, economic development in the western region is relatively
backward, the income level is low, and people are more urgent to improve their material
living conditions. The impact of material factors such as income on happiness is often more
prominent than the ecological environment factors. While the economic development level
of the eastern region is the highest in China, the income level of residents is also high, and
the price sensitivity is low. They may not care about the happiness brought about by clean
energy consumption. The income, housing, and GDP per capita of residents in the central
region are at a moderate level, and they are able to consume clean energy. At the same time,
because the income of residents in the central is not as high as that of residents in the East,
they focus on clean energy to improve their quality of life and improve their subjective
well-being.

6. Mechanism Inspection and Further Analysis

The above analysis shows that clean energy consumption has a significant positive
impact on residents’ well-being. What type of path does clean energy use affect residents’
welfare? Therefore, this study uses the intermediary and regulatory effect models to identify
the mechanism of the impact of clean energy on residents’ welfare.

At present, the existing literature has shown that energy consumption will cause a
series of health and inequality problems [35], among which residents’ health and other
factors will affect their subjective well-being [36]. In addition, Middlemis et al. (2015)
showed that it would cost more to obtain clean energy if one wanted to obtain a healthy
body [37]. In addition, owing to the special geographical location of China, the temperature
gap between the north and south is large. Most northern regions have implemented central
heating policies, and there are many financial subsidies for central heating in northern
cities. Residents have low energy consumption in winter, which may play a regulatory
role in the process of improving their happiness. Based on the analytical framework of
social psychology mediation and regulatory effects, we built a conceptual model of the
clean energy consumption mechanism that affects residents’ well-being (Figure 4).
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6.1. Intermediary Effect Test

To empirically analyze whether clean energy has an impact on residents’ well-being
by affecting their health and consumption, we refer to Mehmetoglu’s (2018) intermediary
effect test procedure [38] to test whether residents’ clean energy consumption affects their
well-being by affecting their health and household expenditure. The intermediary effect
model was set as follows:

Happinessi = β0 + dGesei + εi (13)

Midi = β0 + aGesei + εi (14)

Happinessi = β0 + bMidi + d′Gesei + εi (15)

In Formula (13), Happinessi regresses Gesei and estimates the coefficient d. d is the
total effect of clean energy consumption on the well-being of the ith resident. If the statistics
are significant, it means there is a mediation effect; in Formula (14), Midi regresses Gesei
and estimates the coefficient a. a is the impact of clean energy consumption on interme-
diary variables, which must be statistically significant to prove the relationship between
explanatory variables and intermediary variables. Midi is the intermediate variable. In For-
mula (15), Happinessi regresses Midi, while controlling Gesei, and the estimation coefficient
b must be statistically significant. b and d′ represent the direct effects of the intermediary
variables and clean energy consumption on the well-being of the ith resident. If d′ is not
significantly 0, then Midi is a partial intermediary effect. By substituting Formula (14) into
Formula (15), we can conclude that the intermediary effect of clean energy consumption is
a× b. Then, we use Equation (16) to test the mediation effect a× b. If z > ± 1.96, the interme-
diary effect a× b at the statistical level of 0.05 is significant [39], that is, the indirect impact
of clean energy consumption on residents’ well-being through intermediary variables.

z =
a× b√

b2s2
a + a2s2

b

(16)
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In Formula (16), a and s2
a (standard error of a) come from Formula (14); b and s2

b
(standard error of b) come from Formula (15).

Table 10 presents the regression results of the mediation model. First, the paths
X→ M and M→ Y of the variables “health” and “household expenditures“ are signif-
icant, indicating that the mediation effect exists, and the Z value of the variable and the
direct effect X→ Y are significant, indicating that the variables “health” and “household
expenditures “ are part of the mediation, that is, residents’ health and household income
play a part of the mediation effect between clean energy consumption and happiness. By
calculating the intermediary effect value, we find that the intermediary effect of “health”
is 0.030, accounting for 31.9% of the total effect. The intermediary effect of “household
expenditures” is 0.035, accounting for 36.8% of the total effects. This shows that in the
process of clean energy consumption affecting residents’ happiness, residents’ health and
household expenditure play an intermediary role. In general, with an increase in clean
energy consumption, residents have become healthier. At the same time, the increase
in household expenditures has improved the quality of life of residents and their sense
of happiness.

Table 10. Mediation Analysis.

Variables X→M M→Y X→Y Indirect
Effect

Standard
Error

Z
Value

p-
Value Significance RIT

Health 0.143 *** 0.211 *** 0.064 *** 0.030 0.005 6.657 0.000 *** 31.9%
Household expenditures 0.355 *** 0.098 *** 0.060 *** 0.035 0.007 4.965 0.000 *** 36.8%

Robust standard errors in parentheses, *** p < 0.01.

6.2. Regulatory Effect

Column (1) of Table 11 shows whether the presence or absence of the heating interac-
tion item (Treat) affected residents’ clean energy consumption and happiness. The results
show that the interaction coefficient is negative, and significant at the 10% level. This
shows that if residents enjoy central heating, the higher their clean energy consumption,
the weaker is their sense of well-being. In other words, heating plays a negative role
in regulating the impact of clean energy consumption on residents’ sense of well-being.
Because central heating can reduce residents’ energy consumption [40], if residents enjoy
central heating while their clean energy consumption increases, this will increase their
expenditure, reduce their sense of well-being and reduce their welfare.

Table 11. Moderator and further analysis.

Variables Explained Variable: Happiness
(1) (2) (3) (4)

Clean energy consumption 0.085 **
(0.035)

−0.117
(0.335)

−0.112
(0.339)

−0.083
(0.323)

Square of clean energy consumption - 0.017
(0.023)

0.016
(0.024)

0.011
(0.023)

Treat −0.074 *
(0.045) - - -

Individual characteristic variables Yes No Yes Yes
Family characteristic variable Yes No No Yes

Regional fixed effect Yes Yes Yes Yes
Observations 3012 3012 3012 3012

Robust standard errors in parentheses, ** p < 0.05, * p < 0.1.

6.3. Further Analysis: Test of Non-Linear Effect

The main effect analysis above shows that, after controlling for a series of other vari-
ables, residential clean energy consumption has a significant positive effect on residents’



Buildings 2022, 12, 2037 15 of 17

well-being. However, the greater the clean energy consumption, the greater the consump-
tion expenditure of residents, which inhibits residents’ happiness. Therefore, this section
explores whether there is an inverted U-shaped relationship between residential clean
energy consumption and residents’ happiness; that is, after residents use residential clean
energy to reach a certain extreme value, their happiness declines with the increase in clean
energy consumption. Columns (2), (3) and (4) in Table 11 present the regression results. The
values of the secondary terms of residential clean energy consumption and residential clean
energy consumption are not significant, indicating that there is no nonlinear relationship
between residential clean energy consumption and residents’ well-being, that is, there is
no inverted U-shaped relationship. This demonstrates that residents have not yet felt the
negative impact of excessive clean energy consumption, and that the increase in residential
clean energy consumption is constantly improving the quality of life of residents. This
proves that the Chinese government must vigorously develop clean energy to enhance the
happiness of Chinese residents.

7. Conclusions and Policy Implication
7.1. Conclusions

This study used data from the Chinese General Social Survey (CGSS) in 2018 to
explore the impact of residential clean energy consumption on residents’ well-being. Our
research results show the following: there is a significant positive relationship between
clean energy consumption and residents’ well-being; furthermore, it can be seen from
the results of marginal effects that the increase in clean energy consumption increases the
probability of residents choosing “relatively happy” and “extremely happy”. Moreover, in
the heterogeneity analysis, for the groups with housing and low education background,
there is a significant positive relationship between residential clean energy consumption
and residents’ well-being, and the impact on the middle and elderly groups is more
significant. The intermediary analysis shows that the use of clean energy in housing
improves the health of residents, and improves their quality of life while increasing their
expenditure. In addition, central heating affects the relationship between residential clean
energy consumption and residents’ well-being. Further analysis shows that there is no
nonlinear relationship between the increase in residential clean energy consumption and
residents’ happiness. This study conducted a series of robustness tests on the empirical
results, including a placebo test, and the estimated results were robust.

7.2. Policy Implication

The results of this study have several important policy implications. Therefore, this
study proposes corresponding policy suggestions from the following aspects. First, the
government should actively promote the construction of residential clean energy infras-
tructure, such as natural gas pipelines, to achieve “household ventilation”, so that residents
can obtain clean and efficient living energy. In addition, through the relocation policy in
combination with the poverty alleviation work, the residents living in remote mountain
areas will be relocated to areas with high access to clean energy, reducing the cost of energy
infrastructure construction. Secondly, when formulating policies to popularize clean energy
for housing, we should adjust measures to local conditions and implement differentiated
policies. Furthermore, we should vigorously publicize the advantages of clean energy,
actively promote the policies of “replacing coal with electricity”, “replacing coal with gas”,
and “clean heating in winter”, and appropriately subsidize residents’ use of clean energy
in their homes. Third, the government should not only improve residents’ ability to obtain
clean energy for housing, but also cooperate with several measures to improve residents’
welfare. Additionally, we will accelerate the construction of leisure and entertainment
facilities to increase residents’ leisure activities. Moreover, providing basic health services
for residents who cannot use clean energy temporarily, formulating policies to reduce air
pollution, ensuring residents’ health, and preventing residents from feeling less happy due
to health problems.
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