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Abstract: Nowadays, in the North China Plain (NCP), most counties and suburban rural regions
are promoting the "coal to gas" program under the situation of strong government support of large
and medium-sized centralized biogas production (CBP) projects. This paper is aimed at the CBP
projects, focuses on rural residents’ “willingness to use (WTU)”, “willingness to buy (WTB)” and the
influencing factors for WTU/WTB. Through the analysis of rural residents from Hebei and Shandong
provinces that belong to NCP in this survey, we find that 85% of respondents support the CBP program
and the WTB is 63.15 CNY/year per capita, which is much lower than the cost of rural CBP in existing
survey regions. The participation of rural residents is not only a manifestation of personal and family
characteristics; understanding of environmental knowledge, attitudes, and household energy practices
are more important. These non-economic factors seriously affect WTU/WTB. Hence, it is necessary to
appropriately increase the government revenue to such projects, strengthen government guidance
and publicity, improve the environmental knowledge and attitude of rural residents and guide
residents’ practice. Based on a fully understanding of residents’ consumption decision mechanism,
we establish a financial support mechanism due to the demand response, adopt a correct calculation
for financial support, such as a reasonable subsidy rate, and seek the greatest commonality of cost,
financial support, and demand.

Keywords: centralized biogas production (CBP); contingent valuation method (CVM); Heckman
selection model; willingness to use (WTU); willingness to buy (WTB)

1. Introduction

The severe fog and haze weather in winter in North China make urban and rural residents pay
more attention to environmental problems [1]. Reasonable development of renewable energy, ecological
agriculture, and low-carbon agriculture has great strategic significance for China’s development [2,3].
Nowadays, in the North China Plain (NCP), rural regions are vigorously promoting the "coal to gas"
program. The development of rural biogas production systems is also an effective supplement. From
2000 to 2010, more than 40 million rural residents installed household biogas plants, and the average of
annual growth rate was 18%. However, the average annual growth rate dropped rapidly to 2% after
2010 [4]. After 2012, the annual average growth rate of large and medium-sized biogas projects had
exceeded 20% [4]. In 2015, the central government suspended the household biogas subsidy policy
and intensified the subsidy policy for large and medium-sized biogas simultaneously. The models of
large and medium-sized biogas stations in rural regions are economically feasible and have obvious
economic, ecological, energy, and social benefits [5]. In China, there is a series of documents have been
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published to promote the utilization of biomass energy [6–10]. The Chinese government aims to use
around 10 billion m3 of biomass gas (biogas, biomass gasification, etc.) by 2020. By 2035, the annual
utilization of biomass gas is expected to reach about 25 billion m3 [11].

At present, large and medium-sized biogas production still mainly depends on anaerobic digestion
technology. Anaerobic digestion is an efficient alternative technology that combines biofuel production
with sustainable waste management [12]. According to the different sources of raw materials, it can be
divided into: agricultural biomass resources, forestry biomass resources, livestock and poultry manure,
domestic sewage and industrial organic wastewater, and municipal solid organic waste, etc. Different
biomass wastes have different gas production potentials [13]. Various technological trends exist in the
biogas industry that enhance the production and quality of biogas [14–17]. Low-cost purification is
also an important technical challenge, and many new technologies have emerged [17–19]. The top
three European biomethane markets (Germany, United Kingdom, Sweden) and the six non-European
biomethane markets (Brazil, Canada, China, Japan, South Korea, and the United States of America)
are pursuing different promotional approaches and framework conditions [20]. There are challenges
associated with policy, funding, technical services, sustainability, awareness, and education, which are
also key factors to achieving the full potential of biogas in developing countries [21].

Rural large and medium-sized centralized biogas production (CBP) projects use agricultural
waste as the main anaerobic fermentation raw material to produce biogas and provide unified biogas
supply in communities such as villages and towns. They are used as energy for cooking, heating, and
other purposes to improve rural residents’ lives quality. The operation of the project can reduce the
open burning of straw and reduce the burning of loose coal. Biogas residues and biogas slurry can
replace chemical fertilizer to return to the field. It is of great help to control air pollution and reduce
CO2 emissions. Therefore, the project has strong public welfare. From the perspective of the gas
supply scale, China’s straw biogas project is mainly medium-sized, and the huge differences between
various regions cannot be ignored. The total pool capacity of the CBP project is 500 m3 to 1000 m3,
the gas supply scale is generally more than 300 households [22]. There is a large number of mature
CBP projects have been formed in China after years of practice, such as [3,23], etc. The large and
medium-sized biogas projects are a model with ecological and economic interests, environmental
benefits, and which promote sustainable development [3] The essential key points to maximize the
benefits of biogas are long-term and stable running and maintenance.

From July to November in 2018, we organized a survey on the energy utilization of crop straws in
Hebei and Shandong Provinces. We found that many CBP projects were not recognized or adopted by
rural residents, which was not conducive to the sustainability of this project. Considering the poor
economic benefits, high ecological benefits, and production costs, the biogas market price cannot be
determined solely by the relationship between supply and demand [24]. As users of biogas projects,
rural residents’ characteristics and attitudes, including willingness to use (WTU), willingness to buy
(WTB), and influencing factors for WTU/WTB [25], are relevant to the sustainability of such biogas
projects. WTU means, if a centralized biogas station is constructed, with rural residents as users, do
they want to use the biogas produced? WTB means, if they are willing to use the biogas produced, how
much are they willing to buy? Therefore, before the decision-making of the project, and the formulation
and implementation of relevant policies, a clear understanding of user characteristics is required. It is
necessary to explore the sustainable development path of the biogas project from the perspective of
users through the investigation for residents. It can also provide basis data for policy formulation.
Currently, there are insufficient studies related to the demand pattern of the CBP project from the users’
perspectives in China. In addition, it is also meaningful to analyze the demand characteristics and
users’ preferences in various regions.

From the perspective of stakeholders, the current main research results of surveys on the
willingness of each link for biogas, such as, rural residents’ willingness to participate in collective
biogas investment [26,27], households’ willingness to accept compensation for agricultural waste
recycling [28], and rural households’ willingness to accept compensation for energy utilization of
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crop straw [29]. At present, there is no research about the rural residents on the willingness to use
and willingness to buy for concentrated biogas production. Therefore, this paper will understand
the market demand of the centralized biogas production mode from the perspective of users, and
provide a reference for decision makers to expand the economic benefits of the project. This paper
will successively address the following aspects: analyzing rural residents’ demand and estimating
their WTU/WTB, identifying the important influencing factors that affect the WTU/WTB of residents
in survey regions, focusing on the impact of individual characteristics, family characteristics, and
environmental knowledge, attitude, and practice on the WTU/WTB.

The contingent valuation method (CVM) has been widely used in various fields in recent
years [1,30–33]. Its guiding technology (questionnaire format) used to induce respondents’ maximum
or minimum WTB is changing and improving [34,35]. It includes a bidding game, payment card,
single/bilateral boundary dichotomy, and double boundary dichotomy which has developed rapidly
nowadays [36,37]. Early literature on the improvement of environmental facilities obtained the
equation of purchase intention from the indirect utility function, used it as the theoretical basis of
the econometric model [38]. However, in the theoretical model of the indirect utility function, the
random term was not included. Then Hanemann et al [39] added the random term to the indirect
utility function and established the random effect, and, with the function, the theoretical framework
has been improved. In addition, the early measurement equation of purchasing willingness for the
construction only included socio-economic variables. However, the purchasing willingness obtained
by the conditional value method is in a sense caused by non-economic factors [40]. As it is incomplete
to explain purchasing willingness only by socio-economic factors [41], more and more researchers
will use attitudes, knowledge and other non-economic factors [25,42]. These variables are introduced
into the purchase intention equation, and studied with socioeconomic factors. In the study of rural
residents’ WTU/WTB for the CBP project, it is necessary to consider the individual characteristics,
socio-economic factors, and some non-economic factors of rural residents, so we use the CVM method
for research.

Assuming that rural residents’ decision-making is rational [43], utility maximization [44] is the
rural residents’ behavioral goal, and the expected quality of life becomes the basis for their behavioral
decision-making. Based on the individual and family characteristics of rural residents, the current
status of household energy use, rural residents’ knowledge, attitudes, and energy preference affect
the rural residents’ expectations from different angles, then influence their WTU/WTB. Reviewing
relevant literature, although there are many articles about residents’ willingness to use and willingness
to pay in household energy improvement, the attempts and explorations for Chinese rural residents’
WTU/WTB and influencing factors of the CBP projects are rare. This paper will estimate the WTU/WTB
of CBP projects and systematically study the purchasing willingness of rural residents.

Based on the information mentioned above, this paper proposes the following hypotheses:

Hypothesis 1 (H1). Households with heavy family burdens are negatively correlated with WTU and WTB,
such as families with a large size/or children.

Hypothesis 2 (H2). Environmental knowledge is positively correlated with WTU and WTB.

Hypothesis 3 (H3). Environmental attitude is positively correlated with WTU and WTB.

Hypothesis 4 (H4). The practice of household daily energy consumption is negatively correlated with WTU
and WTB, that is, the higher the proportion of clean energy, the higher the WTU and WTB.



Sustainability 2019, 11, 7175 4 of 16

2. Methodology

2.1. Region Description

The scope of the investigation was locked in the Hebei Province and Shandong Province (Figure 1)
for the following reasons. In these regions, the rural population is dense, and loose coal is seriously
used. They both are located in the hinterland of NCP, with traditional high-energy and high-pollution
industries [45]. In these regions, the whole society electricity consumption and vehicle ownership
also play a positive role in air pollution [46]. The region used to have the most severe air pollution in
China, and even the world [47–49]. The residents in investigation regions have a deeper and clearer
understanding of air pollution [50]. They are also the main grain production regions and rich in straw
resources with corn and wheat planting. In 2015, the straw output of Hebei Province was 39 million
tons, accounting for 5.4% of the total national output, and the straw output of Shandong Province was
56.8 million tons, accounting for 7.9% of the total national output [51]. The two provinces are also the
regions where the CBP projects are relatively concentrated in China [52]. Now, there are many CBP
projects that are already in a mature operation mode.
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2.2. Survey Methods

The data were collected by a questionnaire survey on biomass utilization in rural regions of Hebei
and Shandong, conducted in Daiyue District, Feicheng City, Shandong Province, Linxi County, Weixian
County, and Linzhang County, Hebei Province, from July to November in 2018.

The survey includes the following aspects (Table 1).
What needs special explanation is, in recent years, KAP theory have often been used in the

consumer and environmental sectors [54,55]. There are no clear rules on how to best conduct a KAP
survey, as the methods vary according to the subject and purpose of the study [56].

The method of investigation of the residents’ WTU/WTB was a combination of group, one-to-one
and fixed-point random sampling. In order to ensure that the respondents fully understand the CBP
mode, the researcher used 1–5 min to introduce CBP projects and models to the respondents at first.
The questionnaire used the double-bounded dichotomous choice method [57–59]. It took an estimated
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20 min to complete one questionnaire. The research team organized local rural residents to use in this
survey by contacting the local agricultural sector.

Table 1. The definition and description of variables.

Variable Code Description

dependent variable WTU If there is a centralized biogas station, do you
want to use the centralized biogas produced?

WTB How much each person would like to spend on
concentrated biogas each year?

independent
variable

Individual characteristic
variables

Gender Male or female

Age Respondent’s age

Edu Years of education

Family characteristic
variables

Population Number of family members

Area Area of arable land owned by family

Age10 Number of children under 10-years-old

Age65 Number of seniors over 65-years-old

Cadre Whether to have village cadres in the family

Income Family income in 2017

Expenditure Household expenditure in 2017

Household energy
consumption variable

Solar Whether to have solar water heaters?

Biogas Whether to have household biogas?

KAP * variable
Knowledge Understanding of any given topic [53]

Attitude Feelings towards it, along with predetermined
opinions [53]

Practice Ways in which they demonstrate their knowledge
and attitude through their actions [53]

* Note: “Knowledge, Attitude and Practice (KAP)“ theory is a behavior intervention theory. KAP refers knowledge
as “understanding of any given topic”, attitude as “feelings towards it, along with predetermined opinions” and
practice as “ways in which they demonstrate their knowledge and attitude through their actions” [53].

In the actual investigation process, the first question was “whether they are willing to support the
CBP project under the imaginary conditions”, that is, if a CBP project is built in the village to supply
biogas to the residents, whether to want to use the biogas. The answer option is "1. Yes; 0. No". If
the respondents answers yes, then they enter the WTB link. Before the WTB survey, the respondent
was first informed that “the current city gas cost is about 3 CNY/m3 (CNY, Chinese Yuan “¥”), and
the annual gas consumption per capita was about 180 CNY. The cost of canned liquefied gas in rural
regions was basically the same. Respondents’ families were willing to pay for the biogas. The amount
was calculated based on the annual gas fee per capita." The answer options were: "A. 0; B. 1–60; C.
61–120; D. 121–180; E. 181–240; F. 241–300; G. 301–360; H. >361". Considering the actual cost and
referring to the situation of urban residents’ centralized gas supply cost, setting the highest value of 360
CNY, the respondents were asked to spend up to 360 CNY/year per capita, and the lowest was 0 CNY.
When facing 360 CNY, the respondents expressed their support for the CBP project, they were directly
asked how much they would like to pay. Finally, get the interval value of the respondent’s WTB.

2.3. Variable Definition

For the dependent variables, the WTU/WTB are chosen separately. In the process of investigation,
the investigators will make a special explanation. The purchase intention is to assume that without
government subsidy, each person will pay for gas consumption annually. Referring to the current
average gas consumption cost of urban residents in China, it is about 180 CNY/year per capita (survey
data, the average gas consumption of urban residents in NCP is about 60 m3/year per capita, and the
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price is 3 CNY/m3). In the questionnaire, 180 CNY was set as the median value, the lowest value was 0
CNY, and the highest value was 360 CNY. If it exceeds 360 CNY, directly filling in the amount of the
purchaser’s WTB.

For the independent variables, most of them are directly from the inquiry of the respondent, but
the independent variables mentioned below need to be processed before they can be used.

Income variables and expenditure variables: Income is a variable that is difficult to obtain accurate
results for. Because the respondents cannot accurately recall and calculate or are unwilling to disclose
to the respondents, there is a big deviation in the data obtained by direct inquiry income, so the survey
is generally estimated by the respondents’ working conditions and planting conditions. Expenditure
variables are also estimated in terms of household burden, and on household durable consumer goods
expenditure and so on.

The method of obtaining knowledge variable for environmental protection is as follows [54,60]:
each respondent is asked 10 questions, with one point for each question, and then each question is
scored according to whether the answer is correct or not, then the score of the question is added up to
get the environmental protection knowledge variable.

The environmental protection attitude variable reflects the understanding of importance for
environmental protection. This variable is obtained by the following methods [60]: Ask the respondents
about the importance of environmental protection compared with income and health, and then let the
respondents allocate between income, health, and environmental protection, assigning a total score of
10. If 3 points are allocated to environmental protection, then the respondents’ attitude score is 3 points.

Household energy preference is a proxy variable used to highlight the practice of household daily
energy consumption. Therefore, a preference value is given to each practice as follows: mainly clean
energy, such as liquefied gas, electricity etc., we define it as 1; mainly traditional energy such as coal
and firewood, we define it as 3; clean and traditional energy (half), we define it as 2. The lower the
preference value, the cleaner the current energy practice.

The variable settings of the Heckman selection model in this section are shown in Table 2.

Table 2. The descriptive statistics of variables.

Code Value Setting Mean Value Std. Dev.

WTU Yes = 1 0.85 0.36

WTB Unit: CNY 66.78 55.19

Gender 1 if male 0.59 0.49

Age years 50.17 11.45

Edu years 7.43 2.98

Population Number 5.78 2.16

Area Unit: Mu(Chinese land unit, 1 mu = 666.67 m2) 12.90 41.74

Age10 Number 1.26 0.99

Age65 Number 0.73 0.79

Cadre 1 if yes 0.17 0.38

Income Number 32,205 24,470

Expenditure Number 20,478 14,851

Solar 1 if yes 0.59 0.49

Biogas 1 if yes 0.11 0.31

Knowledge Score 4.98 3.16

Attitude Score 3.09 2.12

Practice
1 = Mainly clean energy;

2 = Clean and traditional energy (half);
3 = Mainly traditional energy such as coal and firewood;

1.95 0.74

Note: The willingness to buy (WTB) value of sample data is the mean value: 1~60 CNY, 30.5 CNY; 61~120 CNY,90.5
CNY; 121~180 CNY, 150.5 CNY; 181~240 CNY, 210.5 CNY; 241~300 CNY, 270.5 CNY; 301~360 CNY, 330.5 CNY;> 361
CNY, the actual amount.



Sustainability 2019, 11, 7175 7 of 16

2.4. Descriptive Analysis

A total of 389 questionnaires were collected in this survey. After eliminating the lack of data or
filling in the contradictory questionnaires, 351 valid questionnaires were obtained. The total effective
rate of the samples was 90.23%.

In the regions selected by this survey, wheat and maize are the main agricultural planting regions,
the level of industrial development is relatively lagged. Agricultural production (crop cultivation
and livestock raising) and migrant workers are the main sources of rural residents’ income in the
above-mentioned regions. The weather conditions and energy habits of residents are similar among
regions, the level of economic and social development among regions is comparable. In terms of
the current situation of household energy use, 58.97% of households in the survey area own solar
energy, only 10.54% of households occupy household small biogas, unfortunately, most of biogas are
basically abandoned.

In terms of household domestic hot water energy consumption, 7.41% of respondents use liquefied
gas, 11.95% of respondents use electric water heater, 51.00% of respondents mainly use coal, 11.68% of
respondents use firewood, 2.28% of respondents apply biogas.

In terms of WTB, 85.19% of respondents respond positively when asked whether they would like
to use gas if a biogas station was built to provide concentrated gas to residents. For users willingness
to use, 16.39% of respondents still worry about the cost. This reflects that rural residents have a high
enthusiasm for participating in CBP if the cost is still within the affordable range. It is not negligible
that some residents are still worried about the cost. For unwilling users, 38.46% of respondents say
they were accustomed to the current lifestyle and did not want to change, other 61.54% say they are
worried about the cost.

The statistics of cognitive information source (multiple selections) are as follows: 48.22% of
respondents choose TV\newspapers\books; 20.56% of respondents choose village committee; 13.96%
of respondents choose mobile and Internet; 4.57% of respondents choose friends and relatives; 4.31%
of respondents choose agricultural technology departments; 4.06% of respondents choose agricultural
resources dealer; 4.31% of respondents choose others.

2.5. Model

In order to correct the problem of sample selection bias, the specific form of sample selection must
be screened first. Considering the two-stage characteristics of this study (the first stage is a binary
selection model with 0–1 distribution, the second stage is an method of ordinary least square (OLS)
model), the "Heckman selection method" is selected to deal with the problem that sample selection bias
may lead to distortion of coefficient estimation in OLS estimation. The specific forms of the equation
are as follows [61]:

YWTB = α+ Xiβ+ εi (i = 1, 2, · · · , n) (1)

where, YWTB is purchasing intention, Xi is explanatory variable row vector, β is the corresponding
independent variable coefficient column vector, and εi is perturbation term and obeys standard normal
distribution. Further, the observability of YWTB depends on the binary selection variable zi: YWTB is
observable when zi = 1; YWTB is not observable when zi = 0. It is assumed that z∗i is a potential variable
of zi, in the form of:

z∗i = Biζ+ηi (i = 1, 2, · · · , n) (2)

Meet

zi =

{
1 zi > 0
0 zi ≤ 0

where, Bi is the row vector of the independent variable, ζ is the column vector of the coefficient of the
independent variable, and ηi is the perturbation term. If ηi obeys binary normal distribution, then zi is
Probit model. Usually, Xi and Bi often contain the same independent variables, and they are highly
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correlated. Therefore, it is very possible that using OLS estimation directly at this time would lead to
inconsistent estimation results. With the help of the Probit model, we can get:

λ =
φ(Biζ/σz)

Φ(Biζ/σz)
(3)

By taking λ as a modified variable into Equation (1), we can obtain that:

YWTB = α+ Xiβ+ β0λ+ εi (i = 1, 2, · · · , n) (4)

On this basis, α, β0, β can be obtained by OLS estimation. If the T value of the corrected variable λ
is significant, it shows that the sample selection error exists and the model selection is effective; on
the contrary, the Equation (1) estimation is effective. Further, if X∗i is a significant variable and β∗ is a
corresponding significant variable coefficient, then the purchasing intention of rural residents can be
expressed as follows:

E(YWTB) = α+ X∗iβ
∗ + β0λ (5)

3. Results

3.1. Measurement Results

A multi-collinearity test is made for each independent variable. The mean variance inflation
factors (VIF) equals to 1.75. However, the VIF of income and expenditure variables is above 3. The
multi-collinearity among the other variables is reasonable. Income represents the economic source
of the family, but high income does not indicate a high disposable income. The level of expenditure
shows the level of family burden. Therefore, in order to avoid multi-collinearity, the income variable is
removed and only the expenditure variable is retained.

Relying on the Heckman selection model and using Stata15.0 measurement software, the regression
analysis of WTU/WTB was carried out. The χ value is 32.30, and the p-value is 0.0059. The overall
effect is good. The inverse Mills ratio is 54.42, which is significant at 5% of the statistical level. This
shows that there is bias in the sample, and the model selection is effective. The measurement results
are detailed in Table 3.

Table 3. Heckman selection model measurement results.

Classification Variables
Phase1 (WTU) Phase2 (WTB)

Coef. S. Error Coef. S. Error

Individual
characteristic

variables

Gender 0.17 0.23 3.90 7.27

Age −0.02 0.01 −0.47 0.34

Edu 0.03 0.04 1.44 1.30

Family
characteristic

variables

Population −0.10 0.06 −5.64 *** 2.16

Area 0.00 0.01 0.11 0.09

Age10 0.40 *** 0.14 9.09 * 5.27

Age65 0.01 0.14 −3.60 4.54

Cadre 0.65 * 0.40 2.98 9.29

Expenditure 0.00 0.00 0.00 0.00

Life energy
variable

Solar 0.53 ** 0.23 11.17 7.57

Biogas −0.58 0.41 −7.57 11.39

"KAP" variable
Knowledge 0.13 *** 0.04 2.57 * 1.35

Attitude 0.24 *** 0.07 4.95 ** 2.01

Practice −0.40 ** 0.16 −14.56 *** 5.53

_cons 1.20 0.83 87.12 *** 24.90

Mills(lambda) 57.90 ** 24.89

Note: Coeff. = estimated coefficient. *, **, ***, coefficient is significant at 10%, 5%, and 1% probability levels,
respectively. Number of obs = 351. Non-selected = 52. Wald chi2(14) = 29.11. Prob > chi2 = 0.0101.
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3.2. Result Analysis

3.2.1. Impacts of Individual Characteristics, Family Characteristics and Energy Characteristics

According to this survey, considering individual characteristics, the three variables of gender, age
and education have no significant influence on WTU/WTB. This indicates that the WTU/WTB in rural
regions of Hebei and Shandong are not affected by the gender, age, and education of the residents.

In terms of family characteristics, “children under 10-years-old” has a significant influence on
WTB, has a negative coefficient on WTU, which indicates that the child is important to a family’s life
improvement decision. The “over 65-years-old” is not significant, explaining that families with elderly
people are not strong in their desire to improve their lives. The influence of whether there are “village
cadres in the family” is also significant, the coefficient is positive, which demonstrates that families
that have village cadres at home have higher WTU under other conditions. However, in terms of WTB,
the family “population” and families with “children under 10-years-old” have significant impacts,
but the coefficient of “population” is negative and the coefficient of children is positive. This explains
that under other conditions, the more people, the heavier family burden, the lower gas bills can be
loaded; the more children under the age of 10 in the family, the lower the WTB, even hoping that
the government can bear more gas bills for them. This explains a Chinese proverb ”Poor parents in
the world”.

Moving to the household energy characteristics, “households with solar water heaters” has a
significant impact on the WTU with a positive coefficient, shows that households who prefer solar water
heaters have a higher WTU. Households with “household biogas” has an inconspicuous influence
on the WTU. This is inconsistent with the above assumptions. This is basically consistent with the
information obtained in the survey. Most household biogas users respond that the biogas pool is
extremely troublesome in the process of use, so many users are gradually abandoning this technology.
A more important reason is that the funds for biogas construction are basically subsidized by the
state and belongs to passive construction. Therefore, it is not optimistic about the prospects of biogas
projects. However, for the “solar water heaters” residents, the use of solar water heater is an active
behavior. In terms of WTB, the impacts of “solar water heaters” and “household biogas” are not
significant, because these two factors are not related to the family’s payment.

3.2.2. Impacts of “KAP”

Non-economic variables of environmental knowledge, attitude and practice are equally significant
in WTU/WTB, and the coefficients are in the same direction. Coefficients of knowledge and attitude
are positive, indicating that the higher cognitive score for environmental protection, the more positive
the WTB, the higher the gas fee that is willing to buy. The more active WTB is because the attitude
towards environmental protection is more concerned, the higher the gas fee that is willing to buy. The
coefficient of the practice variable is negative, which shows that the cleaner the household’s current
living energy is, the more active the WTB and more gas fees are willing to buy. This is consistent with
the findings of Whittington et al [62] on the improvement of rural water supply facilities in Brazil. That
is, households who are accustomed to use liquefied gas and electricity have a greater expectation for
cleaner energy and are much easier to accept the higher cost of CBP.

Cognitive theory shows that the processes or activities of people obtaining and using information
are: first, perceiving information [63], then identifying the content of the information, then generating
willingness, and finally changing behavior [64]. According to cognitive theory, the influence of
knowledge, attitudes, and household energy preferences on the purchasing willingness of rural
residents should be comprehensive. It can be interpreted from the regression results in Table 3 that
the degree of awareness of environmental protection has a significant positive impact on the WTB
concentrated gas, that is, the higher the awareness of environmental knowledge, the higher the WTB.
Similarly, respondents’ emphasis on environmental protection has also increased the willingness of
rural residents to purchase concentrated gas. Results can be obtained that it is an effective measure
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to change household energy preferences and increase residents’ WTB by raising public awareness of
environmental awareness through publicity activities such as education and attaching importance to
cultivate individual attention to environmental protection.

3.3. Calculation of Payment Level

The biogas fee that all participants are willing to purchase is 78.40 CNY/year per capita According
to formula (5) and Table 3, after removing sample selection bias, the expected value of rural residents’
WTB is 63.15 CNY, and the average WTB per household is 365.01 CNY.

4. Discussion

It is necessary to establish financial support such as subsidy mechanism based on demand response
in order to improve the sustainability of the project. Demand response is considered as a potentially
cost-effective means [65]. Hassani et al [66] attempt to retroactively predict changes in fuel prices and
demands to predict the robustness of the presented fuel subsidy mechanism. Through the results,
the average maximum purchase intention of rural residents in the survey regions is far from the cost
of rural CBP projects in the current survey area. The ratio of calorific value of urban natural gas to
rural biogas is 0.6 (survey data). At present, the price of gas for urban residents is around 2.2 CNY/m3

to 4.3 CNY/m3 [67]. The gas fee for conversion to the same calorific value with urban natural gas is
around 1.32 CNY/m3 to 2.58 CNY/m3. According to the investigation, urban residents use 60 m3/year
of natural gas, so rural residents need to use biogas 100 m3 in the case of the same calorific value. The
rural residents need to pay a gas fee of 132 to 258 CNY/year per capita according to the WTB. There is
an obvious gap between WTB and gas fees that residents should pay. Consider the production cost of
biogas in the field of investigation, we further understand and calculate the cost of 200 m3 to 1000 m3

medium-sized CBP stations. According to the data from the biogas engineering design data of the
Chengdu Energy and Environmental Engineering Design Institute of the Ministry of Agriculture and
Rural Affairs, the biogas production cost from 2.71 CNY/m3 to 4.18 CNY/m3, the cost is 271 CNY/year
to 418 CNY/year per capita. It can be seen that there is a greater gap between the WTB and the cost of
the actual operation of CBP projects.

Adopting a correct calculation of financial support, such as a reasonable subsidy rate, is the
premise of the effectiveness of the financial support policy. Padilla-Rivera et al [68] thought that
sustainability assessment of bioenergy was necessary when developing energy policy and technology
roadmaps. Shih et al [69] proposed that differentiated subsidy rates were an efficient mechanism for
environmental protection. At present, China has no unified subsidy standard for CBP projects in
various places [70,71]. If only the gap between WTB and gas bills is considered, the subsidy rate is
52.16–75.52% of the gas bills. However, if we further consider the gap between WTB and production
costs, the subsidy rate will reach 76.70–84.89% of the production cost. This level of clean energy
subsidies is far from the United States, the European Union, etc. [72,73]. So, for the huge ecological
benefits of the project, it is necessary to comprehensively consider the project production costs and
the price of product and WTB, and to establish a sustainable development mechanism for project
break-even to ensure the sustained development of the project.

Changes in the household characteristics of residents will affect WTU/WTB. This is basically
consistent with the conclusion of Zeng et al., and Zou and Luo [74,75]. With the miniaturization of
the Chinese family’s size, the relaxation of family planning policies and the improvement of rural
residents’ education will lead to an increase of rural residents’ WTB in the future. Rural residents’
WTB is limited by socioeconomic characteristics such as the number of family members and number
of children in the family. According to the Report on the family development in China [76], China is
already a country with a small average family size, with the liberalization of the birth of a second child
per family, the increase in the level of rural education [67] will enhance the rural residents’ WTB. The
gap between rural residents’ WTB and subsidy rates will be further narrowed. Therefore, from these
socio-economic characteristics, the rural residents’ WTB will gradually be higher.
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Interestingly, based on the above assumptions, income and expenditure should also be a reference
to reflect the burden of the family, but the impact is not significant. In the field research, we also find
that the respondents basically take the household coal consumption as a reference when answering the
interview questions. The energy consumption accounts for the low proportion of local rural residents’
total income and total consumption. It accounts for only 1.13% of local rural residents’ household income
and 1.78% of household expenditure. According to the Chinese Residential Energy Consumption
Survey 2013 (CRECS 2013), coal accounts for about 15.1% [77]. According to the Chinese General
Social Survey 2015 (CGSS 2015), coal accounts for about 11% [58]. In 2016, the average household
expenditure on electricity, gas, and coal are 910 CNY, 300 CNY, and 420 CNY [78], respectively

In 2018, the per capita disposable income of rural regions in Shandong Province was 16,297 CNY,
and the per capita consumption expenditure was 11,270 CNY [79]. The per capita disposable income
of rural regions in Hebei Province was 14031, and the per capita consumption expenditure was 11,383
CNY [80]. If following the average data in the government gazette, the ratio is lower. Studying
the impact of income and expenditure structures on WTU/WTB may be a direction that needs to
be analyzed.

The residents’ WTU/WTB are not only the embodiment of individual and family characteristics
but more importantly to the recognition of environmental knowledge, attitudes and the practice of
household daily energy consumption. Babaei et al [81] had similar findings in assessing the relationship
between KAP and the willingness to pay for solid waste services. The results of empirical analysis show
that education on environmental protection knowledge of rural residents can significantly improve
the willingness of people to purchase concentrated gas, thus expanding the penetration rate and
utilization rate of CBP. In addition to the level of environmental awareness, residents’ attitude toward
environmental protection is also a major factor affecting their purchasing willingness. This article
reflects residents’ attitudes toward environmental protection by comparing the importance of income,
health, and environmental protection in the hearts of respondents. The results of the metro-logical
analysis indicate that the attitude of environmental protection has a significant positive impact on the
residents’ WTB. Household energy preferences also have a significant positive impact on residents’ WTB.
Therefore, non-economic factors such as environmental awareness, environmental protection attitude,
and household energy preference have considerable impacts on residents’ WTU/WTB. Therefore, work
should be carried out focusing on these non-economic factors to improve the KPA of residents. Through
improving these non-economic factors, it would improve the residents’ WTU/WTB [82]. Environmental
education is an important way to enhance the non-economic factors [83,84]. Environmental education
should be focused on the following channels: TV, newspapers, books, village committee, mobile,
and Internet.

What needs special explanation is, according to the above assumptions, households equipped
with household biogas should be a high proportion of clean energy households, but WTU/WTB are
not significant. This is related to the special national conditions in China. The household biogas
construction is the passive demand behavior mainly driven by government subsidies in China [85,86].
This also shows that the financial support of the construction process is only part of the promotion
process, and continuous support for user needs in the daily operation process is more important. At the
same time, it is necessary to fully understand the user’s active demand behavior based on WTU/WTB
and distinguish passive demand behavior. Especially the identification of some non-economic factors,
so as to guide the needs of users and achieve sustainable development of the project.

5. Conclusions

Based on the survey data collected in Hebei and Shandong in 2018, this study estimated
rural residents’ WTU/WTB for CBP projects and determined the factors affecting rural residents’
decision-making. Although 85% of the respondents support the CBP project, there is a huge gap
between rural residents’ WTB and actual production costs. The high proportion of WTU is mainly
due to a series of administrative measures currently taken for environmental governance [6,87].
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The gap between WTB and gas bills, and WTB and production costs are still very obvious. The family
characteristics such as the number of family members and the number of children in the family are
highly correlated with WTB. Starting from the correlated variables, WTB will gradually increase. Then,
the non-economic factors such as residents’ knowledge, attitudes, and practices for environmental
protection have significant impacts on WTB. These non-economic factors can improve the residents’
WTB by providing environmental education to residents through television and other modes of
communication. This will reduce the subsidy rate and enhance the sustainability of the CBP project.

However, this study still has several limitations that require attention. First, the survey regions
are mainly concentrated in five counties in Hebei and Shandong, but this paper wants to express
WTU/WTB for the whole Hebei Province, Shandong Province, and even the whole NCP. Therefore,
if expanding the scope of the research, the results may be more accurate and convincing. Secondly,
the occupational structure, income source structure, and herd effect of rural residents may also be
important factors influencing rural residents’ decision-making. These factors will be further developed
in future research. In addition, the double-bounded dichotomous choice method is a very mature
method with its strengths and weaknesses. Maybe it will be interesting to test the results estimates by
using the choice experiments (CE) method in other regions with similar socio-economic characteristics.
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