
Social Design Engineering Series SDES-2017-2

Public acceptance of environmentally friendly electric heat-
ing in rural Beijing

Zhang Jingchao
Research Center for Future Design, Kochi University of Technology
School of Economics and Management, Kochi University of Technology

Koji Kotani
Research Center for Future Design, Kochi University of Technology
School of Economics and Management, Kochi University of Technology

Tatsuyoshi Saijo
Research Center for Future Design, Kochi University of Technology
School of Economics and Management, Kochi University of Technology
Urban Institute, Kyusyu University
Research Institute for Humanity and Nature

17th May, 2017

School of Economics and Management
Research Center for Future Design
Kochi University of Technology

KUT-SDE working papers are preliminary research documents published by the School of Economics and Management jointly with the Research
Center for Social Design Engineering at Kochi University of Technology. To facilitate prompt distribution, they have not been formally reviewed
and edited. They are circulated in order to stimulate discussion and critical comment and may be revised. The views and interpretations expressed
in these papers are those of the author(s). It is expected that most working papers will be published in some other form.



Public acceptance of environmentally friendly electric
heating in rural Beijing

Zhang Jingchao*,† Koji Kotani*,‡,§,¶,|| Tatsuyoshi Saijo*,‡,§,**

May 10, 2017

Abstract

China has long suffered from severe haze pollution due to coal consumption in rural areas. One
possible solution is the promotion of a new electric heating system called “low temperature air
source heat pump (LTHP) technology.” This paper explores the possibility that the public will ac-
cept the LTHP for electric heating. To this end, we elicit people’s willingness to adopt (WTA) and
willingness to pay (WTP) for the LTHP technology and sociodemographic and perception informa-
tion by conducting field surveys of 579 households and empirically characterize the determinants
of public acceptance. The analysis reveals that income, science literacy and local environmental
concern positively affect WTA and WTP, while global environmental concern does not show any
significance. Contrary to our initial expectation, people in mountainous areas express the highest
WTA and WTP, followed by those in hilly and plains areas. Overall, these findings suggest that
efforts to promote the technology could begin in mountainous areas and move to hilly and then to
plains areas, thereby advancing public education on local environmental concerns and science lit-
eracy. Adopting such a plan has the potential to successfully promote the electric heating system in
the lowest-cost manner and ensure a cleaner environment through the shift from coal to electricity
in rural Beijing.
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Nomenclature
CV Contingent valuation

HEV Hybrid electric vehicle

LTHP Low temperature air source heat pump

PM Particulate matter

RMB Renminbi, Chinese currency

TCE Tons of Coal Equivalent

WTA Willingness to adopt

WTP Willingness to pay

1 Introduction1

China has suffered from severe smog and haze pollution since 2012, and the high concentration of2

PM2.5 has attracted considerable attention in China (Li and Liu, 2014, Wu et al., 2016).1 As has been3

reported, coal consumption was responsible for 22.4 % of the PM2.5 concentration in Beijing (Beijing4

1PM (particulate matter) is the sum of all solid and liquid particles suspended in the air. Particles 2.5 micrometers and
smaller in diameter, denoted PM2.5, pose the greatest health risks.
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Municipal Environmental Protection Bureau, 2014). Wu et al. (2016) find that coal consumption in rural5

Beijing has reached 4 million tons of coal equivalent (TCE) per year, and 92 % of that is used for space6

heating, with considerable pollution being generated from residential sectors due to incomplete coal7

combustion. To combat this problem, a switch in the household energy source from coal to electricity8

is advocated in rural Beijing (General Office of Beijing Municipal People’s Government, 2014), and the9

government plans to broadly promote and subsidize electric heating using LTHP technology, which has10

been scientifically demonstrated to be effective in many aspects of rural life (General Office of Beijing11

Municipal People’s Government, 2014, Chai et al., 2016).212

Many governmental policies intended to promote certain technologies among the public have been13

unsuccessful and led to significant social costs (Hallsworth et al., 2011). Thus, it is argued that policies14

used to promote technologies should be designed in advance and, crucially, on the basis of scientific15

evidence regarding public acceptance and needs (Sutcliffe and Court, 2005, Hallsworth et al., 2011).16

Moreover, there has been an important policy debate over how to promote LTHP technology in rural17

areas of China to secure a cleaner environment (Lu, 2016). Given this state of affairs, this paper18

seeks to empirically characterize the determinants of public acceptance of LTHP technology, thereby19

contributing to policy design for solutions to pollution problems in China.20

Several papers have studied the factors that influence the selection of sustainable or environmentally21

friendly residential heating systems in developed countries. For instance, Sopha et al. (2010) compare22

the choice among electric heating systems, heat pumps and wood pellet stoves and argue that sociode-23

mographic factors, communication among households, the perceived importance of heating system24

attributes and the decision strategy influence Norwegian homeowners’ decisions. Similarly, Lillemo25

et al. (2013) find that household and demographic factors, environmental attitudes and people’s mo-26

tives affect households’ investment in heating and the choice among four types of heating equipment in27

Norway. Karytsas and Theodoropoulou (2014) also show that age, income, education and the presence28

of a person in a household with an occupation or interest in the environment, technology or engineering29

or an awareness of renewable energy resources and alternative technologies affects people’s willing-30

ness to adopt ground source heat pumps in Greece. Overall, these studies address the adoption or31

2Detailed information on the LTHP is provided in the appendix.
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selection among several sustainable heating systems in developed countries, where these sustainable32

heating systems are available and traded on the market, and conclude that basic socioeconomic factors33

and attitudes toward the environment are fundamental determinants of technology choices.34

Few studies focus on the determinants of the public acceptance of environmentally friendly electric35

heating systems when the heating system in question is not traded on the market and will instead36

be promoted through government policy. Moreover, the public acceptance of environmentally friendly37

technologies has not yet been analyzed in the context of emerging and developing economies, where air38

pollution is more serious than in developed countries and people’s ways of thinking are expected to be39

different (Gupta et al., 2011). Among developing countries, China is known to suffer from particularly40

heavy air pollution and as a primary contributor to haze and smog pollution, attracting considerable41

attention from the media and other countries such as South Korea and Japan (Sun et al., 2016). Since42

LTHP technology has been scientifically demonstrated to be effective in coping with air pollution in43

rural China, this paper explores the potential for public acceptance and promotion policies for LTHP44

technology by empirically examining its determinants. To this end, we collect data though face-to-45

face surveys in rural Beijing with respect to people’s willingness to adopt (WTA) and willingness to46

pay (WTP) for LTHP technology to measure public acceptance, socioeconomic characteristics, such as47

income and education, and perception variables such as science literacy and environmental concerns.48

We also consider the area-specific effect of the public acceptance of LTHP technology, as where the49

LTHP promotion project should begin (in plains, hilly or mountainous areas) is an important point in50

the policy debate.51

2 Data description and methodology52

Beijing is the capital city of China and is also the country’s political, economic and cultural cen-53

ter. It is located in the northeastern China and surrounded by Tianjin Municipality and Hebei Province.54

Beijing consists of 16 administrative county-level districts, including 6 urban and 10 suburban and rural55

districts. While Beijing has a total area of 16 410.5 km2, only 1368.3 km2 is urban area, while the rest56

is broadly suburban and rural (Beijing Municipal Government, 2012). In this study, we focus primarily57
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on analyzing rural Beijing for several reasons. First, Beijing’s energy consumption structure is domi-58

nated by coal, and the city has suffered from smog and haze in recent years. Second, Beijing has taken59

the leading role in China with respect to replacing coal with cleaner substitutes. Third, there is sub-60

stantial variation in geographical status, sociodemographic characteristics and economic levels across61

the rural areas in Beijing. The survey areas in our research comprise the following five suburban and62

rural districts (figure 1): Yanqing, Miyun, Pinggu, Fangshan and Daxing. Regarding geographical and63

socioeconomic differences, we categorize these five districts into three groups: mountainous districts64

(Yanqing and Miyun), hilly districts (Pinggu and Fangshan) and plains districts (Daxing).65

[Figure 1 about here.]66

[Table 1 about here.]67

For this research, we conducted a field survey in rural Beijing on people’s WTA and WTP for the68

LTHP in March 2016. Overall, a total of 579 households were randomly selected and interviewed face-69

to-face. Because the respondents’ decision of whether to adopt the LTHP and state their maximum WTP70

value is a hypothetical scenario, information about the LTHP was provided and explained individually71

during the survey.3 In addition to WTA and WTP for the LTHP, the survey data include socioeconomic72

and perception information about the households. The socioeconomic information includes age, gen-73

der, house size, education, household income, heating area and locations of houses (plains, hilly and74

mountainous areas), while the perception information includes science literacy and local and global75

environmental concerns. We hypothesize that these variables are important determinants of WTA and76

WTP for the LTHP. Table 1 summarizes the definition of each variable used in our analysis.77

Two dependent variables: WTA and WTP78

This paper uses two dependent variables for analysis: people’s WTA and WTP for the environmen-79

tally friendly LTHP technology. The respondents were asked to answer two questions: (1) whether they80

would be willing to adopt the LTHP and (2) what their maximum WTP for the technology would be81

if they answered “yes” to the first question. Table 2 provides a brief description of people’s WTA and82

3The LTHP information distributed to the respondents is provided in the appendix.
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WTP for the LTHP. Among the 579 respondents in rural Beijing, 53 % of them report being willing83

to adopt the LTHP, while the remaining 47 % are not. In particular, only 7 % of people in plains areas84

report being willing to adopt the LTHP. This is the lowest acceptance rate among the three area types.85

In contrast, 74 % of people in mountainous areas report being willing to adopt the LTHP. Table 2 also86

shows that people in the plains areas express the lowest WTP, at 71.05 RMB on average, while people87

in hilly and mountainous areas have higher WTP values of 1001.36 RMB and 992.48 RMB, respec-88

tively. Overall, people in plains areas are the least likely to adopt the LTHP and have the lowest WTP89

for the technology compared with their counterparts in hilly and mountainous areas, and this result can90

be considered unexpected or in contrast with our initial expectation.91

[Table 2 about here.]92

Basic socioeconomic and demographic characteristics93

Table 3 provides an overview of the socioeconomic and demographic characteristics of our respon-94

dents. There is substantial variation among the survey respondents in the variables of age, household95

size and household heating areas. Overall, the ranges of age, household size and household heating area96

are 20 to 91, 1 to 11, and 12 to 500, respectively. The same tendency can be also observed with respect97

to these variables within each of the three area types. On an average, the annual household income is98

the highest in the plains areas and the lowest in the mountainous areas. People in hilly areas have the99

highest household income gap, ranging from 2000 RMB to 120 000 RMB per year. The respondents’100

education status is lower in the mountainous areas than in the plains and hilly areas.101

[Table 3 about here.]102

Perception variables103

We collected two types of perception variables: (1) environmental concern and (2) science literacy.104

To precisely examine the impact of environmental concern, we adopt two measurements of environ-105

mental concern in the analysis: global environmental concern and local environmental concern. Global106

environmental concern comprises 12 questions, basically following Nakagawa (2017) (see table 4).107

6



In addition to the 11 questions used in Nakagawa (2017), one item on global warming is added to108

the measurement, as we are also interested in studying individual technological adoption behaviors109

to reduce haze pollution and coal consumption. Each question is assessed on a 5-point scale: 1 =110

strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree. The global environmental111

concern score ranges from 12 to 60. Local environmental concern focuses more on the specific environ-112

mental issues in Beijing (table 5). Except for the 4-point score used for question 6, all other questions113

were rated as 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree. The114

local environmental concern score ranges from 6 to 29. Table 3 provides the summary statistics sep-115

arately for global environmental and local environmental concern. On average, people in plains areas116

express the lowest concern regarding both local and global environmental issues, relative to those in117

hilly and mountainous areas. In addition, the overall minimum global environmental concern is 24,118

meaning that people’s concern regarding global environmental issues is consistently above “strongly119

disagree,” while the minimal concern on local issues is relatively lower.120

[Table 4 about here.]121

[Table 5 about here.]122

Science literacy is measured by 10 questions listed in table 6 (Miller, 1998). The respondents were123

supposed to answer “true,” “false” or “no idea” for each question. The option “no idea” is scored124

zero to avoid accidental correct answers. Science literacy is scored from 0 to 10 by summing up all the125

correct answers. As indicated by table 3, respondents’ science literacy ranges from 0 to 9 in general. On126

average, people in mountainous areas exhibit the least science literacy but the largest standard deviation127

thereof, indicating broad variation in scientific knowledge, while the highest science literacy is shown128

by people in hilly areas.129

[Table 6 about here.]130

Methodology131

The government plans to widely promote LTHP technology, but it remains a new product that has132

not been introduced or traded on the market. It is an environmentally friendly technology to reduce133

7



coal consumption and mitigate air pollution. Hence, this paper employs the contingent valuation (CV)134

method to examine the rural population’s willingness to adopt (WTA) and willingness to pay (WTP)135

for the LTHP product (Ghanbarpour et al., 2014, Hamed et al., 2016, Proufoun et al., 2016, Sun et al.,136

2016, Verbic et al., 2016). The CV questions in this analysis are divided into two steps. In the first137

step, we ask whether each respondent is willing to adopt the product, given the information provided138

about LTHP technology. Therefore, it is a dummy variable taking value one when a respondent wants139

to adopt it. If the respondent answers “yes,” the second step follows, and we ask the respondent her140

maximum WTP value for LTHP technology.141

To establish public acceptance of LTHP technology, we estimate two types of regressions: (1) a142

probit model with a dummy variable for whether each respondent is willing to adopt the LTHP as the143

dependent variable and (2) a Tobit model in which each respondent’s WTP is used as the dependent144

variable. The two models employ the same set of independent variables, which can be specified as145

y = f(Dc, Ea, S,Ha, I, ε). (1)

Here, Dc is a set of area dummy variables, each of which represents mountainous districts (Yanqing146

and Miyun) and hilly districts (Pinggu and Fangshan) where a plains area (Daxing) is treated as the147

reference group. Ea consists of two variables: one is global environmental concern, and the other is148

local environmental concern. S is the science literacy scale, Ha is a set of variables at the household149

level such as age, gender, education, household size and housing area. Finally, I is annual household150

income in the year 2015, and ε is a disturbance term.151

In the probit regression, each respondent’s decision of whether to adopt LTHP technology is mod-152

eled by the dummy variable yi that takes value 1 when respondent i is willing to adopt LTHP technology.153

Otherwise, yi = 0. In this case, the dependent variable in y in equation (1) becomes Prob(yi = 1), and154

the probability that each respondent will adopt the technology is estimated by the probit regression with155

respect to a set of independent variables such as Dc, Ea, S,Ha and I . Specifically, the probit regression156

enables us to identify the marginal probability of LTHP technology adoption when a key independent157

variable increases by one unit, holding other factors constant. Thus, the key determinants of LTHP158
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adoption are characterized by the probit regression as a first step.159

In the Tobit regression, our focus is on the quantity of the maximum willingness to pay (WTP)160

expressed by respondents. When respondent i is willing to adopt the LTHP, i.e., yi = 1, she is asked161

to express a maximum WTP, i.e., WTPi > 0 for LTHP adoption. When the respondent is NOT willing162

to adopt the technology, this implies that WTPi = 0. Since we have found a considerable portion of163

WTPi = 0 in the sample, the Tobit regression is judged to be appropriate, and the marginal change in164

WTP is estimated to determine the marginal impact of the associated key determinants on WTP, using165

the same set of independent variables as in the probit model. We employ these two regression models166

to characterize public acceptance of LTHP technology from both qualitative and quantitative aspects of167

household decision making.168

3 Results169

Table 7 reports the marginal effects of the independent variables on people’s WTA and WTP. In170

general, the variables of gender, income, science literacy, local environmental concern and the area171

dummies are significant factors that affect both WTA and WTP, while age has a significant impact only172

on WTA, and the house heating area only affects WTP. As shown in table 7, annual household income173

has a significantly positive effect on people’s WTA and WTP, as expected. Specifically, a 10 000 RMB174

increase in annual household income is associated with a 2.400 % increase in the probability that people175

will accept the LTHP, and their WTP will accordingly increase by 128.293 RMB. This result indicates176

that as China’s economy grows, people’s tendency to adopt this technology in rural areas may gradually177

increase.178

[Table 7 about here.]179

Regarding the marginal effect of gender, we find that females are 7.800 % more willing to adopt180

the technology than are males. Similarly, regarding the WTP value, females are, on average, willing181

to pay 308.997 RMB more than males. This is not in line with the findings from Erdem et al. (2010),182

which indicate that in Turkey, males are likely to pay the a higher premium for hybrid electric vehicles183
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(HEVs) than females. A possible explanation is that coal is the primary heating resource in rural house-184

holds, and females are primarily responsible for the frequent fuel replacement in coal stoves, which are185

inconvenient and usually generate observable smog and and a foul odor. Females are expected to clean186

the house every day, and thus, they may prefer to use more environmentally friendly heating products187

and exhibit higher WTP than males.188

There is no statistically significant relationship between education and people’s WTA and WTP,189

although the coefficients of the Tobit and probit regressions are found to be positive. Our result is190

consistent with the previous findings from Sun et al. (2016) that education and the WTP to address the191

smog crisis in China are positively correlated, but the effect is insignificant. Regarding age, our results192

show that it has a small positive impact on WTA (0.300 %) at the 5 % significance level but has no effect193

on WTP. This finding implies that older people are more interested in replacing their existing heating194

systems with an LTHP. This is the opposite of the finding in Sopha et al. (2010) that it is more difficult195

to change older people’s behavior by encouraging them to switch from an existing heating system to a196

heat pump or wood pellet stove. This may also be because compared to younger people, due to their197

gradual decline in physical function and greater responsibility to the whole family, older people devote198

considerable attention to their own health and that of other household members. Thus, they may have199

a greater demand for a healthy environment, especially for warmth during a long winter.200

The area of a house that needs to be heated is estimated to have a significantly negative but relatively201

small effect on WTP, meaning that people’s WTP falls by 2.574 RMB with a 1 m2 increase in area.202

Although the impact appears quite small, it is not when the impact is evaluated given a one-standard-203

deviation increase in house area (≈ 58.340). We find that if the area of a house is increased by one204

standard deviation, people’s WTP decreases by 150.167 RMB (2.574×58.340 ≈ 150.167), on average.205

However, the probit regression indicates that the area to be heated has no significant influence on WTA.206

In one sense, having a larger home area means that there are more rooms to be heated. It is reasonable207

that respondents with large homes may be more motivated to obtain several units of the product at208

a time. Due to budget constraints, they are particularly incentivized to pay low prices for the LTHP.209

However, since the LTHP is a non-traded product without prices or subsidies, it is difficult for such210

respondents to clearly express their attitude on whether to adopt the technology.211
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Science literacy is found to have a positive relationship with both WTA and WTP for the technology.212

The probit model estimates that increasing the science literacy score by one point leads to a 2.100 %213

rise in the probability of adopting the technology. Accordingly, the Tobit regression reveals that people214

are willing to pay 88.077 RMB more following a one-point increase in the science literacy score. This215

result suggests that science literacy is an important factor that affects people’s attitude and behavior216

toward this new environmentally friendly technology. It is expected that people with more scientific217

knowledge and literacy may find it easier to recognize the desirable features of the technology even in218

a short time. It is reasonable that they are more likely to adopt the technology in their home and have a219

higher willingness to pay.220

One interesting finding in this paper is that local environmental concern positively affects both WTA221

and WTP at the 1 % significance level, while global environmental concern is insignificant. This result222

implies that compared to the global environmental concern, greater concern about local environmental223

issues induces people to be more motivated to adopt the LTHP and at higher prices. More precisely,224

our results reveal that a one-point increase in local environmental concern results in a 2.900 % rise in225

the likelihood adoption; accordingly, such people are, on average, willing to pay 94.081 RMB more to226

purchase the LTHP. In the context of our analysis, a one-standard-deviation increase in local environ-227

mental concern (≈ 4.040), the WTA probability and the associated WTP would increase by 11.716 %228

(2.900× 4.040 ≈ 11.716 %) and 380.087 RMB (94.081× 4.040 ≈ 380.087), respectively.229

Global environmental concern has an insignificant influence on both WTA and WTP, although the230

sign of the coefficient is positive. This finding may reflect the fact that compared to global environ-231

mental issues, local environmental problems directly affect local people’s quality of life. They may232

take prompt action to address specific local issues such as air pollution. In other words, the local envi-233

ronmental concern that people develop on the basis of their everyday life is more important for public234

acceptance of new electric heating systems than global environmental concern that people may have235

developed from consuming books, TV and other media.236

Another interesting finding is that, contrary to our expectation, people living in mountainous areas237

express the highest WTA and WTP for the LTHP, followed by people living in hilly and plains areas.238

This result reveals that people living in mountainous and hilly areas are 56.900 % and 38.000 % more239
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likely to adopt the technology and exhibit higher WTP values, 2435.239 RMB and 1851.772 RMB,240

respectively. One possible reason is that the remote mountainous and hilly areas suffer from lower241

temperatures in winter. Once they become familiar with the desirable functions of the LTHP that will be242

useful during cold winters, they will be more likely to accept this technology. An additional explanation243

is that more remote mountainous areas present fewer job opportunities due to the greater distance and244

lower access to urban areas. Because there are no farming activities in remote mountainous and hilly245

areas during the winter, people in such areas naturally have to spend more time at home and are more246

concerned about the indoor environment. Therefore, they are more motivated to adopt the LTHP.247

In recent years, plains areas have been used as focus groups for the promotion of clean energy248

technologies, including LTHP technology, to achieve the target of zero coal consumption (General249

Office of Beijing Municipal People’s Government, 2016, 2017). This may be because these plains areas250

have suffered from more severe haze pollution. However, our analysis finds that public acceptance of251

the LTHP is highest in mountainous areas, the second highest in hilly areas and the lowest in plains252

areas. On the basis of this result, we argue that if mountainous areas can be prioritized for LTHP253

promotion, it is more likely that the LTHP technology will be more successfully and efficiently accepted254

and distributed with lower government investment and spending on promotion. Achieving such success255

in mountainous areas can be expected to positively influence public acceptance of LTHP technology256

in other areas such as hilly and plains areas. The important findings in this paper can be summarized257

as follows. First, income remains a key factor in determining public acceptance of LTHP technology.258

Second, people with higher levels of science literacy and local environmental concern are more willing259

to adopt the technology by spending more money, while global environmental concern does not show260

any significance. Third, people in mountainous areas express the greatest interest in adopting the261

technology and the highest WTP, followed by those in hilly and plains areas.262

4 Conclusion263

Due to the importance of efficiently promoting LTHP technology to address air pollution in China,264

this paper has analyzed the determinants of people’s willingness to adopt (WTA) and willingness to265
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pay (WTP) for the technology in rural Beijing. We find that income, science literacy and local envi-266

ronmental concern are important factors that affect the likelihood of the adoption of LTHP technology,267

while global environmental concern does not have any effect. Regarding the important question of the268

type of area that the LTHP promotion should begin in, we find that people in mountainous areas express269

the highest WTA and WTP for the LTHP, followed by those in hilly and plains areas. We argue that270

people in mountainous areas are more concerned about the indoor environment and, thus, are more271

likely to accept LTHP technology for the following reasons. First, mountainous areas have few job272

opportunities other than farming because of the greater distance to and fewer means of accessing urban273

areas. Second, people in mountainous areas usually spend more time at home than those in plains areas274

because there are no farming activities in winter.275

These results suggest important policy implications. While it is necessary to continuously stimulate276

economic development in rural China, further public education on science literacy and local environ-277

mental concern should be encouraged to motivate people to accept environmentally friendly technolo-278

gies. Furthermore, our results also suggest that it would be preferable to prioritize mountainous areas279

in promotion strategies for LTHP technology because we observed the highest public acceptance in280

mountainous areas. The promotion campaign should then target hilly and plains areas, following the281

order of public acceptance. We believe that successes in LTHP promotion in mountainous areas will282

positively influence public acceptance in other areas such as hilly and plains areas, thus allowing LTHP283

technology to be more successfully and efficiently accepted and distributed in the lowest-cost manner.284

Ultimately, this will mean that households in rural Beijing will switch energy sources from coal to285

electricity, thereby improving the environment.286

Overall, this paper provides crucial findings for decision makers regarding where to begin and how287

to efficiently promote the LTHP in rural Beijing. We believe that this is an important contribution to288

addressing excessive coal consumption in rural China. This paper might also serve as an important289

reference in the following respects: 1) the prospects for the adoption of this technology in other parts290

of China that rely heavily on coal as a heating source; 2) the development of other environmentally291

friendly technologies; and 3) the market prospects for manufacturers or sellers that trade in environ-292

mentally friendly technologies. Finally, we admit that this study faces limitations. Although we did our293
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best to introduce and explain LTHP technology during the face-to-face surveys, some unavoidable and294

unexpected biases in WTA and WTP might exist. Therefore, further research on the public acceptance295

of LTHP technology could be developed and conducted to confirm the robustness of our results during296

the real promotion periods. Such future research is crucial to ensure the smooth transition from coal to297

cleaner energy in the long run.298

5 Appendix: Low temperature air-source heat pump (LTHP)299

The LTHP is an environmentally friendly electric heating technology. It is a mechanical compres-300

sion cycle refrigeration system powered by electricity from an air source that can be reversed to heat a301

room. It has the desirable characteristics of low initial investment and operating costs, ease of instal-302

lation and operation, and no pollution emissions. The steady-state coefficient of performance (COP)303

will not be lower than 2.0 on average throughout a winter season when the temperature is higher than304

or equal to 20 ◦C. Note that in the actual application all of the information was provided to respondents305

in the local Chinese language. Because they are familiar with the expenses from using coal, we only306

provided the respondents details regarding the running costs for LTHP, as scientifically identified in307

demonstration projects.308

[Table 8 about here.]309
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Figure 1: Administrative divisions of Beijing
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Table 1: Description of the variables
Variable Description

Area dummy variables (Base group = Plains areas)
Mountainous dummy This variable takes value 1 when a respondent lives in a

mountainous area. Otherwise, 0.
Hilly dummy This variable taks value 1 when a respondent lives in a hilly

area. Otherwise, 0.

Environmental concern and perception factors
Global environmental concern This is a score on 12 global environmental issues, ranging

from 12 to 60.
Local environmental concern This is a score on 6 local (Beijing) environmental concerns,

ranging from 6 to 29.
Science literacy scale This is a score of the answers to 10 questions related to

general science ranging from 0 to 10.

Household variable
Age Age of a respondent
Gender This is a dummy variable taking value 1 when the respondent is

male. Otherwise, 0.
Education This variable represents the respondent’s years of schooling.
Household size The number of household or family members.
Heating area Area in square meters that needs to be heated in winter.
Income Annual household income for the year 2015

in 10 000 RMB
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Table 2: Summary statistics of the dependent variables

Dependent variable
Areas

Overall
Plains area Hilly area Mountainous area

WTA (Yes = 1,No = 0)
Average (Median)1 0.07 (0) 0.66 (1) 0.74 (1) 0.53 (1)
SD2 0.26 0.47 0.44 0.5
Min 0 0 0 0
Max 1 1 1 1

WTP (RMB)
Average (Median) 71.05 (0) 1001.36 (1000) 992.48 (1000) 755.1 (500)
SD 256.73 954.09 783.31 886.37
Min 0 0 0 0
Max 1200 3000 3000 3000

Sample size 152 294 133 579
1 Median in parentheses.
2 SD refers to standard deviation.
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Table 3: Summary statistics of the independent variables

Independent variable Areas OverallPlains area Hilly area Mountainous area

Age (Years)
Average (Median)1 53.88 (54) 54.28 (55.5) 56.48 (55) 54.68 (55)
SD2 10.64 13.88 11.39 12.56
Min 21 20 20 20
Max 86 88 91 91

Gender (Female = 0)
Average (Median) 0.8 (1) 0.56 (1) 0.65 (1) 0.64 (1)
SD 0.4 0.5 0.48 0.48
Min 0 0 0 0
Max 1 1 1 1

Household size (persons)
Average (Median) 4.25 (4) 3.86 (4) 3.21 (3) 3.81 (4)
SD 1.59 1.57 1.4 1.58
Min 1 1 1 1
Max 8 11 7 11

Education (years)
Average (Median) 8.34 (9) 8.91 (9) 7.90 (9) 8.53 (9)
SD 2.26 2.61 1.86 2.40
Min 6 6 6 6
Max 16 16 12 16

Income (10 000 RMB per year)
Average (Median) 2.95 (3) 2.84 (3) 1.43 (1) 2.55 (2)
SD 1.78 1.98 0.98 1.84
Min 0.2 0.2 0.2 0.2
Max 8 12 5 12

Heating areas (m2)
Average (Median) 123.82 (100) 109.09 (100) 82.06 (80) 106.74 (100)
SD 61.56 61.86 33.35 58.34
Min 30 12 20 12
Max 300 500 200 500

Science literacy (The theoretical range is 0-10)
Average (Median) 4.24 (4) 4.78 (5) 3.52 (3) 4.35 (4)
SD 1.78 2.06 2.58 2.18
Min 0 0 0 0
Max 8 9 9 9

Local environmental concern (The theoretical range is 6-29)
Average (Median) 18.26 (18) 21.80 (23) 19.56 (18) 20.36 (20)
SD 3.31 3.81 4.05 4.04
Min 9 7 10 7
Max 27 29 29 29

Global environmental concern (The theoretical range is 12-60)
Average (Median) 41.32 (42) 45.19 (45) 44.04 (46) 43.91 (44)
SD 5.73 7.72 7.06 7.26
Min 33 29 24 24
Max 56 60 60 60

Sample size 152 294 133 579

1 Median in parentheses.
2 SD refers to standard deviation.
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Table 4: Measures of global environmental concern

Questions Description

1 I am concerned about global warming.
2 I am concerned about the relationship between energy and the environment.
3 I am concerned about environmental protection.
4 I like reading books about environmental problems.
5 I want to consider environmental problems proactively.
6 I would like to learn more about environmental problems.
7 I watch TV programs or read articles on the environment with interest.
8 I am interested in the biosphere.
9 I am interested in natural energy such as solar energy.

10 I would like to be actively engaged in environmental problems.
11 I am concerned about energy problems.
12 I am interested in the protection of species in danger of extinction.
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Table 5: Measures for local environmental concern

Questions Description

1 I am concerned about air quality in Beijing.
2 I am concerned about water/soil pollution problems in Beijing.
3 I am concerned about news or knowledge about air pollution control in Beijing
4 I am concerned about the harmful effect of air pollution to health in Beijing.
5 I am concerned about the daily air quality index forecast.
6 I am concerned about the trade-off between life convenience and energy conservation:

a. Life convenience always has higher priority.
b. Conserve energy without sacrificing life convenience.
c. Conserve environment even if life convenience is sacrificed to some extent.
d. Environmental conservation is always more important.
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Table 6: Measures of science literacy
Questions Description

1 The temperature of the core of the earth is extremely high.
2 All radioactive materials are artificial.
3 The sex of a baby is determined by his/her father’s genes.
4 Laser beams can be generated by collecting sonic waves together.
5 Electrons are smaller than atoms.
6 Antibiotics kill viruses like bacteria.
7 The universe was born in a huge explosion.
8 The continents have been moving over the millennia

and they will continue moving.
9 Human beings evolved from primitive animals.

10 The earth is moving around the sun.
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Table 7: Marginal effects of probit and Tobit regressions

Probit Tobit
WTA1 WTP2

Socioeconomic variables
Age 0.003** 6.614

(0.002) (5.318)
Gender -0.078** -308.997**

(0.034) (119.049)
Education 0.009 14.359

(0.008) (28.531)
Household size -0.006 19.887

(0.012) (39.858)
Heating area -0.000 -2.574**

(0.000) (1.069)
Income 0.024** 128.293***

(0.010) (34.909)

Environmental concern and perception variables
Global environmental concern 0.002 3.225

(0.002) (8.092)
Local environmental concern 0.029*** 94.081***

(0.004) (15.426)
Science literacy scale 0.021** 88.077***

(0.008) (26.601)

Area dummy variables (Base group = Plains areas)
Mountainous dummy 0.569*** 2435.239***

(0.039) (228.440)
Hilly dummy 0.380*** 1851.772***

(0.037) (206.005)

***significant at the 1 percent level, **at the 5 percent
level and *at the 10 percent level.

1 “WTA” represents willingness to adopt.
2 “WTP” represents willingness to pay.
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Table 8: Performance of the LTHP for 80 m2 residence in typical rural homes

LTHP LTHP with peak-valley price policy1

Electricity price (RMB/kWh) 0.5 0.1 - 0.5
Annual energy consumption (kWh) 2500 2500
Annual heating fee (RMB) 1250 920
Annual heating fees per square meter (RMB) 15 11.5
Annual PM2.5 emission 0 0
1 With a peak-valley time price policy, the price would be 0.1 RMB/kWh at the peak and

0.5 RMB/kWh in the valley. Assuming that the LTHP operates 24 hours per day, the heating
fee is identified as in table 8 based on realistic assumptions regarding the peak and valley
times.
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