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A B S T R A C T   

Improper disposal of electronical waste (e-waste) causes harm to both public health and the environment, and 
how to effectively recycle and reduce electronical waste has become a common concern around the world. This 
study focuses on the design of the points system to encourage consumer participation in e-waste recycling 
programs. Based on the Theory of Planned Behavior (TPB) model, a semi-experimental design method was 
applied to influence consumer cognition and behavioral intention through information provision in survey 
design. Two surveys were conducted in two years apart to understand the temporal trend of consumer types and 
their preferences for the design of e-waste recycling points program. By comparing consumer types before and 
after the introduction of the points system, the research concludes that the points system has a positive impact on 
consumers’ environmental consciousness and recycling intention. The results show that consumers generally 
have a strong sense of environmental protection after the introduction of the recycling points system, and that 
different consumer types differ significantly on subjective norm, perceived behavioral control, recycling moti
vation, points incentives, points redemption and recycling behavioral intentions. This suggests that the design of 
the points system can not only promote consumers’ environmental awareness but also stimulate consumers to 
actively participate in e-waste recycling. Finally, several policy recommendations are discussed to help apply the 
points system to the empirical design of e-waste recycling programs.   

1. Introduction 

Economic development promotes the use and upgrades of electronic 
devices and equipment, which results in an increasing amount of waste 
electrical and electronic equipment (WEEE). Electronic waste or e-waste 
refers to electronic products that are no longer useable and are therefore 
dumped or recycled. In 2019, 53.6 million metric tons (Mt) of e-waste 
was generated worldwide, up by 21 percent in just five years, while only 
17.4 percent of the e-waste was collected and recycled (Forti et al., 
2020). Asian countries were the largest contributor to the global e-waste 
problem, with the Asian continent generating 18.2 Mt of e-waste (about 
one third of global total) in 2019 (Gollakota, 2020). 

E-waste often has a larger environmental impact than municipal 
waste. On the one hand, e-waste contains a range of toxic chemicals such 
as lead, chromium and other heavy metals and chemical additives. 
Improper disposal of e-waste such as random burial and incineration can 

cause considerable damage to the environment. On the other hand, 
electrical equipment is responsible for 10–20% of anthropological con
tributions to environmental damages (i.e., depletion of non-renewable 
sources, greenhouse effect, air acidification, and dust emissions) (Lab
ouze and Monier, 2003). In particular, the production and usage of 
washing machines, refrigerators and freezers, telecommunications de
vices, and audio and video equipment are responsible for approximately 
8% of the overall global warming potential generated by a household 
(Tukker et al., 2005). 

China is the world’s largest importer and producer of e-waste (Neha 
and Emma, 2020), with over 70% of all global e-waste ending up in the 
world’s largest dumpsites in China (Tyrone, 2015). In 2020, China 
processed about 2.306 Mt of WEEE, with a formal recycling rate of less 
than 32% (CHEARI, 2021). Such a grim recycling situation in China calls 
for empirical research that investigates recycling incentives and policies 
and explores motivations for consumer participation in e-waste 
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recycling motivation and point cognition. This indicates that ENV con
sumers show a positive attitude towards recycling and the points system 
in all aspects under the promotion of the points system. 

Variance analysis was carried out on the eight factors with consumer 
types being the dependent variable. The result shows that different 
consumer types differ significantly in six factors, including subjective 
norms, perceived behavior control, recycling motivation, points incen
tive, points redemption, and behavioral intention. 

5. Results: the second survey in 2018 

In order to investigate the temporal changes in consumer types and 
preferences on e-waste recycling and the points system, the second 
survey was carried out in 2018, two years after the first survey. The 
second survey includes the same questions from the first survey, as well 
as 13 new questions, which are not used or analyzed in this paper. A 
table comparing the question numbers in the two surveys is now pre
sented in Appendix I. 

In the second survey, a total of 700 questionnaires were distributed 
through online and on-site surveys in 29 out of 34 administrative regions 

including centrally-administered municipalities in China, and 625 valid 
questionnaires were recovered with an effective response rate of 
89.29%. Specific items of measurement variables and all detail survey 
are shown in Supplementary Information 2 (SI-2). 

In the sample (shown in Table 1), the ratio between male and female 
is 256:369, around 1:1.4. 84.5% of survey respondents were between 20 
and 40 years old. 70.9% had bachelor’s degree, 12.8% had associate 
degree and 12.6% had master’s degree or above. In terms of occupation, 
60.2% of respondents were enterprise staff and 20.0% were students. 
Income is in the range of 3000 to 10000 RMB. The survey participants 
were from different provinces of China, with Guangdong, Shandong, 
Beijing and Shanghai had the most respondents. All the detailed infor
mation is listed in SI-2. 

The analysis of consumers’ environmental awareness according to 
Q31and Q327 in the second survey shows that the public generally 

Fig. 4. Points redemption preferences of different types of consumers.  

7 Q31 (I think e-waste recycling is good for the environment.) and Q32 (I 
think participating in recycling can contribute to environmental protection and 
bring me pleasure and a sense of achievement.). 
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