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Overview

Residential communities in China have entered the period of stock-based planning. Increasing the energy efficiency of the residential buildings to enhance the residential comfort as well as reduce their high share of the energy consumption could have various societal benefits.Taking Tianjin as an example, in the central urban area, there are 2,192 communities which were built prior to 2000[
], and currently they cannot meet the normal use of residents. The renovation of external environment of existing residential areas led by the government has been constantly promoted. However, the energy-efficiency related retrofitting of residential interior is commonly low. In order to get a clear picture of this problem, the analysis is conducted on the factors influencing the energy-related refurbishment projects in Tianjin.
With regard to the retrofitting of existing residential buildings, foreign scholars have made diverse attempts. In addition to energy-saving measures and the related predictions on energy-saving efficiency, a series of studies are conducted from the perspective of occupants. For example, the research on the influential factors of residential retrofitting by Germany owners is carried out[
], and on the basis of this, an empirical research is launched,  which shows that the intention of house embellishment, the need for building maintenance, and the quest for the related know-how facilitate the energy-related refurbishment projects[
]. Besides, from an economic perspective, the studies such as the willingness to pay for the energy-saving measures in residential buildings[
], the occupants’ decision-making and behaviour analysis through the approach of behavioral economic[
]s, and the intentions to upgrade the energy standards of private houses in Norway from the viewpoint of psychology[
], have laid theoretical foundation for the research on the energy-efficient retrofitting of existing residential buildings.
Chinese scholars have delivered fruitful outcomes in terms of energy-saving retrofitting measures, energy-consumption assessment and implementation mechanism of residential buildings. The research from the perspective of occupants has also been focused. Based on the survey of selected communities in Tianjin, the research on the residents’ requirement for retrofitting has been conducted, and the analysis on the main influential factors of residential satisfaction and their significance is launched[
]. An empirical study on the residential behaviour of Beijing residents has put forward a structural equation model to construct the residential satisfaction model with the aid of exploratory factor analysis[
]; the research on the factors influencing the residents’ willingness for house upgrade is carried out, and the target population is classified into 3 groups to propose the methods for building up a low-carbon city[
].These studies provide insights for the occupants’ efforts in terms of energy-efficient residential retrofitting, and also demonstrate the important role of residents’ subjective initiative. Therefore, this article, proceeding from the occupants’ behaviour in energy-saving related retrofitting, by means of empirical case studies, illustrates the main factors affecting the current process of residential retrofitting in Tianjin, in order to facilitate the energy-saving renovation of residential buildings.
Methods

In this article, with Tianjin residents as the research object, we apply field research, in-depth interviews, and questionnaire surveys to investigate the projects of energy-saving retrofitting launched by residents. By means of online survey，the general factors influencing the adoption of energy-related refurbishment projects by the approach of Motivation-Opportunity-Ability framework  are carried out. A total of 927 online questionnaires have been collected from December 2017 to March 2018. Those samples filled with irrational answers in an extremely short period of time have been eliminated, and emphasis is laid on the samples in which the measures related to the energy-saving retrofitting are expounded. Thus, finally, 814 valid questionnaires which account for 87.8% of the total questionnaires have been identified. The effects on the refurbishment extent of occupants in the process of such projects are analyzed with structural equation analysis.
Also, the occupants of existing residential buildings, driven by multiple factors, take one or more steps to improve their interior environment. This behavior of house upgrade constitute a comprehensive reflection of both the occupants’ psychological needs and the specific conditions in which they live. Those energy-saving measures applied in the field of residential retrofitting in a reasonable manner are of vital benefit for energy-consumption reduction, with a view to the massive planning of urban communities. Thereby, in this article, with the aid of  the“motivation-opportunity-ability”model, the analysis is conducted on the relationship among different influential factors, and proceeding from the actual conditions, pertinent suggestions are proposed in terms of energy-efficient residential retrofitting.
Results

In this article, which targets at Tianjin residents, efforts are made to set up the conceptual model of “Motivation—Opportunity—Ability for Behavior of Residential Retrofitting”, and their relationship is illustrated by means of questionnaire survey and the fitting of structural equation model. The research shows that the motivation of residential retrofitting exerts direct influence upon the energy-related refurbishment behaviour  and the positive interaction is obvious among opportunity, ability and motivation. As for the motivation, the need of safety and  enhancement of interior thermal comfort serves as the catalyst of residential retrofitting, followed by the quest for energy-saving performance, the improvement for functional layout, the need for building maintenance, as well as the demand of value enhancement; as for the opportunity, such influential factors as the acquisition of materials, personal time, retrofitting-based technologies, construction personnel, and so on are identified; as for the ability, refurbishment expense plays the most important role, followed by family support and professional expertise. The analysis on the influential factors of energy-saving residential retrofitting is conducted, based on the needs of occupants, which provides reference for creating an energy-efficient and liveable environment. 
Conclusions

We can see, based on the model analysis, that residential retrofitting is mainly driven by such factors as daily safety and interior thermal comfort, which indicates that currently in terms of residential buildings, there are many daunting challenges to be addressed in the possible shortest period. Apart from this, as for the opportunity, policy support plays an insignificant role, and a wide gap is obvious between policy support and other factors, meaning that in the previous practice of independently-launched energy-saving residential retrofitting, more efforts should be made for a higher standard of policy support. In conjunction with other factors, the conclusion can be drawn that the behaviour of energy-saving residential retrofitting will be promoted to a large degree, if the policies and strategies with regard to the acquisition of materials, personal time, retrofitting-based technologies, construction personnel, and so on are materialized.In this article, with the Tianjin citizens’ behaviour of energy-saving residential retrofitting as the research object, the in-depth analysis is conducted on the driving forces of house upgrade from the perspective of occupants, as well as the main factors influencing the independently-launched energy-saving residential retrofitting. Based on these efforts, we can get a clear picture of those difficulties encountered by residents, and with the aid of scheme optimization, technical support, policy guidance, and so on, create supportive conditions for them to participate in the projects of house upgrade, so as to ensure that the related projects proceed in an unimpeded manner, enhance the residential satisfaction of occupants, and facilitate a virtuous cycle of residential retrofitting.
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