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Abstract

:

Low carbon sustainability has been addressed in China’s sustainable urbanism strategies as a response the impact of climate change. This study empirically examines the relationship between household factors and carbon emissions in the context of community regeneration through the use of correlational and regression analysis. The participants were drawn from the Dadong community in Guangzhou, China, who has been participating in low-carbon community regeneration. In total, 102 valid questionnaires were obtained from homeowners and the data were analyzed with SPSS and STATA software with an OLS estimate method, checking for BLUE to identify and decide upon the degree of correlation among the variables. The results reveal that family carbon emissions were primarily impacted by house area and income. This study found that larger houses tended to have higher carbon emissions, emphasizing the importance of using low-carbon materials and facilities in community regeneration. Additionally, households with higher incomes tended to have more household appliances, which can contribute to higher carbon emissions and potentially lead to conflicts between different actors involved in low-carbon community regeneration. To reduce household carbon emissions, low-carbon community regeneration develops through interactions and transformations among different actors. However, there has been a lack of research examining the mechanisms underlying the process of low-carbon community regeneration involving the various stakeholders. Using the reference of the actor–network theory (ANT), this research innovatively reveals the mechanisms related to key actors (community government) and multivocal obligatory passage points (OPP) with a synchronous process (problematization, interessement, enrollment, mobilization) through interactions and transformations made by different actors. Finally, the study highlights the need for further research on the low-carbon community or urban regeneration with innovative technological and self-regulation strategies.
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1. Introduction


Controlling carbon emissions is an increasingly serious challenge for China [1,2]. In response to the challenges, low carbon sustainability has been addressed in China’s sustainable urbanism strategies which can be seen in two major national policies [3,4]. First is the “Twelfth Five-Year Plan” released in March 2011, which was the country’s first official policy. Second is China’s second national policy plan created in 2007 and was the country’s first attempt to address climate change. The policy aimed to confront China’s energy and climate concerns. The “National Climate Change Program”, as this policy plan was known, took two years to create and involved 17 government ministries. After the policy making, the annual growth rate of CO2 emissions has slowed down in recent years with the improvement of technological levels and the enhancement of residents’ awareness of energy conservation [5,6]. Nevertheless, with GDP growth, overall carbon emissions have continued to increase [6]. As China proposed a carbon emission “cap” by 2030 in the Kyoto Agreement, the pressure on carbon emission reduction is still massive [7]. To better achieve the carbon emission goal, taking action on low-carbon communities is important because the community is the basic element of a city [8].



Researchers have reached a consensus that low-carbon community regeneration consists of three dimensions: urban design, policy, and individual behavioral changes. Thereafter, the technological, political, and social aspects have been the focus in the existing literature [9,10,11,12,13,14]. However, there has been a lack of research examining the mechanisms underlying the process of low-carbon community regeneration involving various stakeholders that play a more integral role in the regeneration process. In this sense, it is necessary to explore the process involving different actors and the acts of negotiation, persuasion, and action performed by the network. This study aims to fill this gap by exploring the following questions: (1) What are the empirical relationships between carbon emissions and other household factors? (2) How does low-carbon community regeneration unfold through transformation by the various stakeholders? Following Garud et al. (2017), the ANT provides a theory to address this research question [15] in the Dadong case, which is seldom used in the urban regeneration field. The benefits of using ANT is that it presents findings on four distinct points in the low carbon precincts for the community regeneration process where the translation took place.



This paper is organized into six sections. A literature review is presented in the next section, followed by the methodology of the study in Section 3. The results of the study are presented in Section 4, while the application of ANT in the Dadong Community is discussed in Section 5. Finally, the paper concludes in Section 6.




2. Literature Review


A community is a group of interconnected individuals who share a common environment, values, or resources. A low-carbon community, based on the definition of community, refers to the community’s ability to ensure economic development without sacrificing residents’ comfort [16]. To meet the goals of energy conservation, emission reduction, and community carbon reduction, advanced technologies are employed to construct low-carbon and energy-efficient buildings, implement green transportation, utilize renewable energy sources such as solar and geothermal energy, conserve water, and promote a low-carbon culture among residents [17]. However, low-carbon community regeneration is not only related to new technologies used in spaces but also includes other non-material dimensions [18], such as individual behavioral changes or policy making [19,20]. Nevertheless, the evidence has shown that the lack of progress in low-carbon regeneration is due to simply focusing on the material or non-material dimensions, while the mechanism behind all the dimensions plays a more integral role in the regeneration process [21,22,23,24]. In this sense, it is necessary to explore the process involving different actors and the acts of negotiation, persuasion, and action performed by the network. Indeed, urban or community regeneration does not just consider finishing the project, instead, it requires processes of multiple translations [25]. From this perspective, ANT is presented as one of the approaches that are based on these process views that can be used for analyzing low-carbon community regeneration.



ANT was developed by sociologists Weber and Kalinowski and Bruno Latour in the mid-1980s. It is a theoretical approach grounded in the ontology of relational practices, which originated in science and technology studies in the early 1980s, but has since been applied to various fields in the social sciences [26]. ANT offers a framework for understanding how social impacts are interconnected among various individuals in a network. The key concepts of ANT include networks, conflicts, and translation. Thus, partnerships can include not only public, corporate, third-sector, and community actors, but also human and non-human elements [27]. This material relationism encompasses all human and non-human actors, as well as a variety of diverse materials that make up ‘the social,’ such as technologies, activities, structures, symbols, and places, and accords them with equal citizenship [28]. The mobilization of these actors is an ongoing process called translation which revolves around a common objective, called an obligatory passage point (OPP), establishing the link between the network of actors [29].



In sum, the previous studies reveal how different dimensions (i.e., policy, urban design, innovative technology, etc.) are provided for low-carbon community regeneration. However, there are no studies that focus on the mechanism behind low-carbon community regeneration process involving different actors [30]. Therefore, this paper seeks to provide an additional study on the mechanism of low-carbon community regeneration using ANT to address this research question in the Dadong case, which is the first attempt to completely apply ANT tools to the analysis of the urban or community regeneration in a low-carbon context.




3. Methodology


This section presents the empirical methodology for assessing household carbon emissions based on a questionnaire survey, as outlined in Section 3.1 below. The analyses of the findings are provided in Section 3.2. An ANT theoretical framework is used to analyze the mechanisms of low-carbon regeneration in Section 3.3 and the Dadong community was selected as the case study in Section 3.



3.1. Survey


Survey statistics are the results of systematic data gathering for a sample taken from a larger population [31]. As a questionnaire is an effective way to collect data [32], a survey was used to collect household data, estimating the carbon emissions from every family. The survey was focused on the residents who were over 18 years old and the homeowner in the community.



	
Pre-testing






Prior to distribution, the questionnaire was subjected to a pilot test to identify any defects and potential sources of confusion, such as ambiguous questions that might yield incorrect responses. During the first round of pretesting, 15 questionnaires were distributed to friends and other contacts as part of the pilot test to ensure its feasibility and alignment with the overall study objectives. The focus of the first round of pretesting was on the content of the questionnaire, with the aim of identifying elements that might negatively impact the research, such as poorly worded questions that might confuse respondents. The second round of pre-testing focused on the instructions to help assess the accuracy of the instructions in advance, to see if participants could understand them. Some of the questions were changed in response to their suggestions and input.



	
Pilot testing






Feedback on surveys in two rounds of pre-testing was used to assist in creating the final form.



	
Pre-analysis






Frequency tables for the responses to each question were created to provide a quick idea of the outcomes. This trial analysis was to ensure that the survey would achieve its objectives and produce information that would be conducive to the overall study.



	
Online survey






The survey data were collected in accordance with strict ethical standards. Confidentiality was ensured and clearly communicated to the respondents, along with the objectives of the study. There were 43 questions in the questionnaire, including 11 questions about the basic situation of the respondents, 4 questions about their understanding of low carbon, 5 questions about family energy consumption, and 23 questions about their daily living habits. The survey was conducted online via WeChat for a month due to the COVID-19 epidemic from May 2022 to June 2022.



Additionally, according to differing factors (i.e., confidence level, population size, and margin of error) [33], the sample size of 120 participants (since there are 89,000 people living in the Dadong community, at least 96 surveys are required to establish a 95% confidence level that the real value is within 10% of the surveyed value) was adequate for an exploratory survey [34,35,36]. The sample size was 120 in total, and 102 valid questionnaires—an 85% recovery rate—were used.




3.2. Analysis of Findings


Correlational analysis and multiple regression techniques were employed for the quantitative data collected. The correlation between the strength and direction (positive or negative) of a link between two variables was tested using Sparkman’s Rank. Based on the survey data of Dadong in Guangzhou, this paper first tests household carbon emissions with different household factors. After that, a multiple regression analysis was performed using the significant factors. The multiple linear regression method was used to establish the model. For the analysis, the Pearson correlation analysis was used to estimate the correlation between each pair of variables.Then, Best, Linear, and unbiased Estimator (BLUE) were performed on the quantitative data collected by SPSS and STATA software. In order to further illustrate the reliability of parameter estimation, the Bootstrap method was used for repeated sampling prediction estimation. The Durbin-Watson test was carried out.Finally, adjusted R2 was used to comment on the goodness of fit of the final regression model used in this study.




3.3. Theoretical Framework


In this section, the process views of low-carbon precincts for community regeneration are explained. The ANT describes carbon community regeneration as a network with usual links between actors including human and non-human actors. In addition, the network is formed by “translation”, but the meaning of translation is different from the linguistic explanation. The translation in ANT refers to changing something over time, from one space to another space. In this sense, durational actions influence the process of translation.



Based on the meaning of translation, it can be divided into four key moments: (1) problematization, (2) interessement, (3) enrollment, and (4) mobilization. The dissidence illustrated in the ANT is transversal to the four moments because controversies can appear at any moment [37] (Figure 1).




3.4. Case Selection


A single case study method requires a unique case with a particular or instrumental value with special characteristics either at a specific time or space [38]. The research uses the Dadong community in Guangzhou (Figure 2) as an example and its unique characteristics are as follows: (1) this case is based on the ongoing project ”Building a low-carbon community based on the old community in Guangzhou, China” and will likely become the first successful project in Guangzhou. (2) The residents have been previously educated with new knowledge about energy consumption and carbon emissions by community planners before the process of regeneration. (3) Guangzhou is the priority city that promotes urban regeneration projects in China since the 2000s and Dadong is the first attempt to integrate low-carbon sustainability.





4. Carbon Emission Analysis Results


4.1. Carbon Emission Estimation


Currently, carbon emission accounting mainly includes the input–output (I-O) Experimental Method Approach (EA) and Emission Factor (EF). EF is widely used in the carbon emission accounting of community residents. Kennedy et al. implemented the emission factor method into the urban metabolic model. Additionally, Shen et al. used the emission factor method to calculate the carbon emissions of residential energy [35], which can be used to calculate the indirect household carbon footprint (including food, accommodations, entertainment, education, and other seven emission sources). According to EF, the annual carbon emissions of urban families are calculated by using the water, electricity, natural gas, and car fuel bills of the families from the questionnaire. CO2 emissions were calculated using the following equation:


Ctc = Etc × f








where C is the CO2 emissions (kg), Etc is the energy use (i.e., family energy bill/total city energy charge), and f and is the emission factor of energy (kgCO2e/kWh).



From the formula and the data collected in the questionnaire, the average carbon emissions would be 810 kg/year for each family. According to the community government, there are 26,863 families in the community. Therefore, the total carbon emissions produced is 22 billion kg/year (Table 1).




4.2. Respondents’ Characteristics


The questionnaire divided the ages of the head of the family into six categories: (1) under 18 years; (2) 19–25 years; (3) 26–35 years; (4) 36–45 years; (5) 46–60 years; and (6) over 60 years. Approximately one-third (32.23%) of families had heads who are older than 60. Families with heads between the ages of 46 and 60 made up 29% of all households. Of all the families, 14.95% and 22.91% were headed by 26–35- and 36–45-year-olds, respectively. According to the data, there was no correlation between age and carbon emissions (Figure 3). However, it is a fact that individuals tend to be more frugal and have lower living expenses in retirement, which may result in a reduction of carbon emissions for the household.



Second, the profession of the head of the family was divided into nine categories: (a) government worker, (b) company worker, (c) teacher, (d) individual business, (e) retired person, and (f) others. The highest family carbon emissions were from individuals who owned businesses, accounting for 31%. The next highest family carbon emissions were from company employees and teachers, comprising 22% and 23%, respectively. The main reason for the high carbon emissions from families of individual businesses and government employees was the relatively high utilization rate of private cars. Retirees seldom went out, and most choose public transportation such as buses when they need to go out. The retirees also turned on air conditioning and watched TV less, and saved electricity and water, so their family’s carbon emissions were low. The total carbon emissions had little correlation with increasing family size.



Third, we investigated education level and gender. There were 47% female and 53% male homeowners. Most of the owners had at least a junior college level education accounting for 40%, followed by bachelor’s degrees, accounting for 35%. Regarding household carbon emissions, it was found that there was no significant relationship between family education level and gender. The reason is that although family educational attainment can affect people’s awareness of energy conservation, people with higher levels of education mostly have higher incomes, and income has a greater impact on household carbon emissions. Gender also had little effect on household carbon emissions. It seems that women’s cultural background was similar to men’s, and their behaviors are alike when it comes to carbon emissions.




4.3. Factors Analysis


4.3.1. Annual Family Income


Family income has a greater impact on family carbon emissions, and the number and frequency of family appliances used by residents with a high family income will inevitably increase compared with those with a low income. On the other hand, residents with higher incomes may be more inclined to buy cars. Unsealed cars have become more common in recent years, and the increase in car use is also contributing to family carbon emissions.



The annual income level of urban families ranged between from CNY 300,000–400,000 (USD 46,000–61,000), accounting for 48% of the total, close to 50%. The difference between the number of families with a lower income and those with a higher income was relatively small, basically demonstrating a normal distribution trend and indicating that this questionnaire was reasonable in dividing the income level of Guangzhou. In addition, it can be seen that the annual income level of most urban families in Guangzhou is about CNY 400,000 (Figure 4).



The Spearman’s rank correlation coefficient was 0.852 meaning that urban family income was the main determinant of urban family carbon emissions. The scatter diagram between annual family income and carbon emissions shows that carbon emissions grow when household income increases (Figure 5). The analysis concluded that progressive income redistribution could increase household carbon dioxide emissions.




4.3.2. Family Size


The size of the family had a great influence on urban family carbon emissions. The average family size was 3.79 people and families with three and four members were the most common, accounting for 57% and 27% of the total sample size. The proportion of families with these two types of populations was relatively close, accounting for more than half of the total, which was the main type of family size. There were families with two members, accounting for 10% of the total number of families surveyed. There were families with five members, accounting for 6% of the total sample (Figure 6).



The Spearman’s rank correlation coefficient was 0.2, showing that the total carbon emissions had little relationship with family size. Therefore, families should be encouraged to live among multiple-member families to avoid the high carbon emissions associated with single living (Figure 7).




4.3.3. Housing Area


As shown in Figure 8, only 9.8 percent of the respondents’ houses were smaller than 80 square meters. Housing areas between 121 and 140 m2 were the most common, accounting for 46%. There were 22% and 21% with housing areas between 141 and 160 m2 and 81 and 120 m2 (Figure 9). From the data, we see that the housing area of urban families was mainly 81–140 square meters, accounting for more than 90% of the total, which is the type chosen by most families. The Spearman’s rank correlation coefficient was 0.668, showing that there is a relationship between housing area and carbon emissions (Figure 8). It has been determined that large houses emit more carbon dioxide. Due to its lack of energy efficiency, the larger the size of the house, the more energy is required to maintain a comfortable temperature. To conserve heat, old houses must be relatively airtight. Additionally, a ventilation system that brings in fresh air is necessary.




4.3.4. Travel Means


The ownership of private cars was positively correlated with carbon emissions, as the more private cars the home owned, the more the household’s travel carbon emissions. A total of 86% of people owned private cars for the convenience of travel.




4.3.5. Awareness of Low-Carbon Community


The residents have been educated about low-carbon concepts before the ongoing low-carbon community regeneration. However, one major limitation to low-carbon community regeneration is that less people have an awareness of low-carbon communities. As was borne out in the results, only 62.7% of the respondents had heard of low-carbon communities, the concept and practice, as well as the future development. Most people learned about the concept of a low-carbon community through the Internet, accounting for 23%, followed by advertisements and government documents, accounting for 15% and 18%, respectively (Table 2). Additionally, another problem is that 65% of the respondents did not know about environmental labels for sustainable products, which means they need to be educated more to encourage environmentally friendly products in the market. In addition, only 58% of respondents buy products with an environmental label.




4.3.6. Energy Saving Behavior


Although nearly 80% of respondents make use of air conditioners in the summer and 45% use air conditioners in the winter, which is considered a waste of energy, they generally performed well in terms of energy conservation. For instance, 65% of respondents use household water more than once a day. Half of the respondents have installed water-saving appliances, and 65% of them make sure to turn the faucet on to medium volume and turn it off promptly to conserve water. When it comes to energy conservation, 82% of people make a habit of turning off the light when leaving a room, and 71% have used energy-efficient lighting. Additionally, 72% of respondents separate their garbage. However, 80% of them continue to use throwaway tableware.





4.4. Multivariate Linear Correlation Analysis for Multivariate Data


Based on the above data analysis, the multiple linear regression method was used to establish a model. If the test meets the requirements, it can be considered that the model can simulate the relationship between various factors and the comprehensive index of household carbon emissions. After analyzing variables like family size, family income, housing area, and travel means, the most significant factors associated with carbon emission are family Income and housing area. The basic principle the model calculations is Y = K + a𝑋1 + 𝑏𝑋2 (a, b, and K are constants), where 𝑋1 is family income and 𝑋2 is family residential area.



First, the Pearson correlation analysis was used to estimate the correlation between each pair of variables. The correlation matrix showed the direct correlation coefficient between the independent and the dependent variable is positive, and the significance of the correlation significance level was over 1%, indicating that they are positively correlated (Table 3). Then, the model passed the error test according to the value and significance level (Table 4). Based on the Gauss–Markov theorem, the OLS estimate of the parameters was equal to the BLUE (Best, Linear, Unbiased Estimator) in the classical assumption of the linear model, which can identify and finally decide on the degree of co-relation among the variables. The OLS regression model is summarized in Table 5. In order to further illustrate the reliability of the parameter estimation, the Bootstrap method was used for repeated sampling prediction estimation. The Durbin–Watson test was carried out and the value was 1.862, indicating the effect of the coefficient estimation was good. Finally, adjusted R2 was used to comment on the goodness of fit of the final regression model used in this study (Table 6).



	
Test the null hypothesis that the error variances of the dependent variables are equal across groups.



	
Design: Intercept + household income + house area.






	
Predictors: household income, house area.






Taken together, the significant result demonstrates the following conclusions:




	(1)

	
Carbon emissions are related to the housing area and family income in a positive way.




	(2)

	
Larger households will produce more carbon emissions so low-carbon facilities or materials (e.g., energy-saving bulbs or water-saving pipes) are important.




	(3)

	
Households with a higher income tend to possess a greater number of appliances and often utilize their own vehicles for transportation. This behavior, which is indicative of a focus on the quality of the living environment rather than cost, can sometimes lead to controversies within low-carbon communities that are working towards regeneration.











5. ANT Building Discussions in Low Carbon Community Regeneration Implementation in Dadong Community


5.1. Composition of Actors


Based on the principle of generalized symmetry, actor–network theory places human actors and non-human actors in an equal position, including them together in the actor network. The main actors of low-carbon community transformation include the community government, residents, private sectors (water Investment Management Co., Ltd., Guangzhou, China power Engineering Co., Ltd., Guangzhou, China), financial institutions, and other humanitarian actors, as well as non-human actors such as housing, land, and local culture.




5.2. The Translation Process


5.2.1. Problematization


Before translation, identifying the OPP which enables actors to solve the problem around a common objective is paramount. The community government hope to improve the living environment and gain the title of the first low-carbon community regeneration in Guangzhou which was required by the authorities. The community planners have organized workshops in an effort to gain the support and cooperation of local residents in implementing their plans for low-carbon community regeneration. In these workshops, the residents were presented a summary of the issues facing the community that they hope to address, including traffic problems, insufficient parking, inadequate public facilities, a lack of green space, and buildings with poor ecological performance. These issues, which are both human and non-human in nature, are seen as key priorities for improvement. Moreover, they hope everyone’s low-carbon lifestyle can become a good habit to adhere to long term, such as using a bicycle for short-distance travel, using environmental bags to buy food, etc.



Companies such as Water Investment Management Co., Ltd., Guangzhou, China and Power Engineering Co., Ltd., Guangzhou, China hope to exploit the market of low-carbon communities and gain benefits through government–enterprise cooperation. The bank expects to participate in the low-carbon community regeneration with the aim of reducing financial risks and increasing the availability of financial resources. The community government is a key actor, putting forth the issue of low-carbon community regeneration projects as common OPP, so as to objectify the issues concerned by heterogeneous actors.




5.2.2. Interessment


Interessment aids in engaging key actors and translates their interests into visions, objectives, plans, and roles, making other actors locked into the low-carbon community regeneration process. Throughout the regeneration process, some controversies arose. Residents maintained a custom of putting their bikes in the streets, leaving less room for sporting activities and the residents did not want to set up a garbage sorting facility in the community, resulting in the inconvenience of waste classification. To address the controversies, the community government engaged the planner to make adjustments like building fitness facilities for the residents but asked the residents to support setting up a garbage sorting facility in return. The community government found financial support from the bank to implement the regeneration projects and rented vacant buildings to them at a very low price in return, by which the community government could earn loans. The low-carbon community regeneration required new technology support. The community government contacted the Water Investment Management Co., Ltd., Guangzhou, China and Power Engineering Co., Ltd., Guangzhou, China. They helped to construct low-carbon facilities to save water, including changing the water pipes, building a PV facility, and installing more energy-saving light bulbs for the elderly. In return for their involvement, the community government must agree to temporarily share profits. By locking the actors into the process, the community government has to construct OPP, which closes controversies.




5.2.3. Enrollment


The enrollment process begins during the period of interest, when the regeneration assignment becomes the “OPP” and ends at the moment of mobilization. The community government implicitly performed an enrollment of their allies [30]. Moreover, the roles within the network are interconnected, resulting in a stable structure. For instance, obtaining government funding can be challenging. However, once a cooperative relationship has been established between the government and companies, the process of applying for funding becomes easier for the companies. All these roles implicitly played by the actors provide the community government a kind of “license to operate” (e.g., as it is the successful first low-carbon community project, the company have priority in joining another community regeneration project in Guangzhou).




5.2.4. Mobilization


All these actors serve as representatives of the network spokesman driving the transformation. Their mobilization effectively resolves the issue of low-carbon community regeneration, as the community government, a key actor, holds administrative power. Moreover, once the low-carbon community regeneration in Dadong is finalized, the mobilization allows the extension of the network to other types of representative spokesmen: “actor-influencers”. Indeed, all these actors try their best to promote the low-carbon community regeneration project. As an example, banks may promote the availability of low-carbon vacant spaces in the market in an effort to attract additional investment from businesses, in order to offset the financial support they have provided. Meanwhile, residents may take initiative in maintaining a clean and orderly appearance, including sorting their garbage, as they seek to preserve the reputation of the community as the first successful low-carbon community regeneration. Water Investment Management Co., Ltd., Guangzhou, China, and Power Engineering Co., Ltd., Guangzhou, China may work to improve the low-carbon facilities in the space.





5.3. Actor Network Construction


In the Dadong community, key community government actors, relying on administrative and market forces, from top to bottom, and from people, companies, banks, and other actors like houses, land, and culture. To enlist, mobilize, and eliminate dissent among the various heterogeneous actors, these actors must be embedded within the network and interact with each other, forming a relatively stable and complex network of connections.





6. Conclusions


To ensure that the low-carbon community regeneration is conducted in a sustainable urban regeneration setting, it is important to identify household factors that closely reduce community carbon emissions. A questionnaire survey was conducted with residents in the Dadong community in Guangzhou to estimate carbon emissions and gather data on potential factors that may have affected household carbon emissions. Although the findings may not be applicable to all low-carbon community regeneration projects in the world, this study can serve as a valuable point of reference to inform and guide future efforts. Regression analysis was used to infer causal relationships between different variables and carbon emissions, which is evidence that can be used in low-carbon community regeneration policy making. The results reveal that family carbon emissions are mainly impacted by the area of housing and household income. More precisely, a larger house produces more carbon emissions so low-carbon facilities or materials are important and households with a high income have more household appliances, causing some controversies between different actors which need to be solved in the low-carbon community regeneration.



After analyzing the factors that influenced carbon emissions, the mechanisms underlying the process of low-carbon community regeneration involving various stakeholders were explored to fill in research gaps in existing studies. ANT tools were utilized to determine how the implementation is formed as a result of interactions among different individuals or companies in a network. The results showed that low-carbon community regeneration is a synchronous process through interactions and transformations made by different actors. A comprehensive low-carbon management system has been proposed for addressing not only the aspects of effectively encouraging behavioral changes at the individual level but also derives from sound policies, good infrastructure, reasonable systems, and mechanisms at the community level. This management system could be used to achieve the overall objective of building a low-carbon community in Dadong.



The main contributions of this study are as follows: (1) the identification of salient household factors related to carbon emissions and (2) the identification of low-carbon community regeneration practices and mechanisms related to the four translation moments that contribute to the success of the urban regeneration field.



Apart from these contributions, there are some limitations inherent in this study. First, while the narrative of a single community case study in one city can provide valuable insight into low-carbon community regeneration projects, it is necessary to consider how these findings can be generalized to other contexts. To improve the accuracy of the household factors regression analysis, it would be beneficial to include more communities and a larger number of samples in future studies. Additionally, future research should aim to summarize strategies for low-carbon community regeneration based on the household factors that influence carbon emissions in various contexts.



However, these contribution and limitations open a new research view in the future. Scholars have called for future research to focus on the low-carbon community or urban regeneration with innovative strategies [41,42]. For instance, self-regulation for the family is important (e.g., encouraging behavioral changes and raising awareness of low-carbon concepts) [42]. The social method makes it possible to regenerate the low-carbon community effectively. Moreover, some innovative technology can also be considered as the way to succeed in low-carbon community regeneration.
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Figure 1. Theoretical framework [26,27,37]. 
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Figure 2. Location of Dadong community (drawn by the authors). 
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Figure 3. Scatter diagram between age and carbon emissions. 
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Figure 4. Annual family income as percentage of Dadong community. 
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Figure 5. Scatter diagram between annual family income and carbon emissions. For household income, “1” refers to less than CNY 200,000, “2” refers to CNY 200,000–300,000, “3” refers to CNY 300,000–400,000, “4” refers to CNY 400,000–500,000, and “5” refers to above CNY 500,000. 
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Figure 6. Family size as percentage of the Dadong community. 
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Figure 7. Scatter diagram between family size and carbon emissions. For family size, “1” refers to one person, “2” refers to two people, “3” refers to three people, “4” refers to four people, and “5” refers to five people. 
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Figure 8. Scatter diagram between house area and carbon emission. For house area, “1” refers to under 80 m2, “2” refers to 80–120 m2, “3” refers to 121–140 m2, “4” refers to 141–160 m2, and “5” refers to above 160 m2. 
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Figure 9. Housing area as percentage of Dadong community. 
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Table 1. The carbon Emission Factor of energy consumption and unit price in Guangzhou, China.
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	Water
	Electricity
	Fuel





	Carbon Emission Factor
	0.91 kg/t [39]
	0.5810 tCO2/MWH [40]
	2.31 kg/L [41]



	Unit price
	(a) 1.98 CNY/m3/month (under26 m3/month)

(b) 2.97 CNY/m3/month (27–34 m3/month)

(c) 3.96 CNY/m3/month (above 34 m3/month)
	(a) 0.68 CNY/MWH/month (under260 MWH/month)

(b) 0.73 CNY/MWH/month (261–600 MWH/month)

(c) 0.98 CNY/MWH/month (above 601 MWH/month)
	92 gasoline is 8.8 CNY/L
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Table 2. Survey for assessing the awareness of climate change in Dadong.
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	Question
	Yes
	No





	Do you often buy products with environmental labels?
	42%
	58%



	Have you heard of low-carbon community?
	62.7%
	37.3%
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Table 3. Correlation matrix.
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	Carbon Emissions
	Household Income
	House Area





	Carbon emissions
	1
	-
	-



	Household income
	0.734
	1
	-



	House area
	0.650
	0.857
	1
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Table 4. Levene’s test of equality of error variances. Dependent viable: carbon emissions.
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	F
	df1
	df2
	Sig.





	5.045
	12
	89
	0.000
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Table 5. OLS regression results.
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Model

	
B

	
Bias

	
Std. Error

	
Sig.

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
1

	
(constant)

	
−177.426

	
16.491

	
168.086

	
0.317

	
−489.556

	
173.573




	
Household income

	
337.914

	
−0.582

	
76.628

	
0.007

	
212.165

	
507.532




	
House area

	
41.985

	
−6.786

	
70.875

	
0.571

	
−103.654

	
170.245








Dependent variable: carbon emissions.
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Table 6. Model summary.
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	Model
	R
	R2
	Adjusted R2
	Std. Error of the Estimate





	1
	
	0.5403
	0.5310
	168.086
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