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 Background: The aim of this paper is to examine the current state of green initiatives 

in Electrical and Electronics manufacturing small and medium enterprises and how they 
accomplished sustainable green practices. From the perspective of green initiatives, the 

determinant factors consist of energy management, water conservation and waste 

management. A questionnaire survey across 260 Electrical and Electronics 
manufacturing small and medium enterprises was conducted to test proposed research 

hypotheses. Based on the survey results, we found that energy management, water 

conservation and waste management have significantly influences on sustainable green 
practices. Practical implications of research findings are discussed and the empirical 

evidence provides an indicator to encourage other SMEs which has no green practices 

in place to consider joining the green bandwagon. 
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INTRODUCTION 

 

 With respect to the outcomes, a large and diverse literature on green initiative implementation has yet to 

create reasonably, reliable and generalizable findings [1]. Green initiatives can begin with the changes of 

strategies in business operations [2, 3] which eventually lead to the product designs and innovations [4, 5, 6], 

production processes and repairs [7, 8], manufacture processes, technologies and modification [9]. Handfield et 

al., [10] stated that firms are required to work out on supporting strategies and expend resources in order to 

implement green initiative. In term of this study, the management of energy, water and waste that help to reduce 

generation of waste or minimizing waste by-production, reducing energy consumption, minimizing water usage 

and enhancing or reducing material utilization are the activities that have been included in green initiatives. 

 

2.0 Green Initiatives and SMEs: 

 According to Bansal & Gao, [1], the empirical literature tends to focus mostly on confirming single 

theories, or testing contending explanations despite of the immeasurable range of conceptual perspectives that 

has been used to observe the implementation of green initiative. Furthermore, a growth of green correlated 

concepts, including life-cycle analysis [11], integrated supply chain [12] and environmentally accountable 

manufacturing [13] is subject to the implementation of green initiatives in E&E manufacturing SMEs process.  

There is an argument from Gupta [5] in explaining the eco-development of various green-related concepts 

whether to continue or discontinue the greening process whereby affects the business operations in terms of 

handling green and clean products, controlling the pollution control, waste disposal and air emission (managing 

production process)  and purchasing input materials. Rusinko [14] and Yacob et al. [15] found that 

environmentally accountable manufacturing is equivalent to greening process. Moreover, Meyer and Hockerts 

[16] and Walton et al. [17] recommended that the stakeholders will involve in green processing in order to 

improve their relationships with customers, distributors, and suppliers since some activities of SMEs are 

depending on their suppliers and distributors. Hence, Vanchon and Klassen [18] agreed that the concept of green 

initiatives is parallel to integrate a supply chain operation. While E&E manufacturing SMEs may perceive green 

initiatives implement in different ways, Hart [19] stated that the vital mission of green initiatives is to develop 

and implement strategies that drastically reduce the environmental burden. As such, this study seeks to examine 
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the contexts and mitigating circumstances surrounding three green initiatives implementations in E&E 

manufacturing SMEs which are energy management, water conservation and waste management. 

 

2.1 Energy management and sustainable green practices: 

 Due to the lack of initiation, expertise and financial constraints, the effort to introduce energy management 

in SMEs is limited as the role of energy management has greatly expanded in industries [20]. As the cost of 

energy has become a growing element in the cost structure of SMEs over the past years, it is at the tipping point 

of survival to many SMEs owners/managers who are heavily dependent on the supply of electricity and looking 

for ways to limit and manage the amount of money spent on electricity [21]. With changing times, there is a 

need for SMEs owners/managers to improve their sustainable green practices, market image and market 

presence position, and this could be done with identifying and adopting the energy efficiency measures. Hence, 

energy saving has been considered as one of the most significant areas of green initiatives in E&E 

manufacturing SMEs and it should be implemented, managed and controlled by a systematic method to achieve 

sustainable green practice. Therefore, the present study proposes to test the direct relationship between energy 

management and sustainable green practices, and this discussion leads to the first hypothesis:  

H1: Sustainable green practices positively associated with energy management. 

 

2.2 Water conservation and sustainable green practices: 

 Most manufacturing processes require water as part of their input and depending on individual processes. 

Kenny et al., [22] noticed that water conservation is the major issues in industrial activities and many SMEs do 

not pay much attention to water conservation in their manufacturing processes. Furthermore, Frost [23] echoes 

Kenny et al.‟s view that without careful water conservation, most SMEs seems to waste their resources which 

can be avoided. Furthermore, it is found that many SME owners/managers ignore the adoption of water 

minimization practices mainly because of the heavy financial commitment that may be required [24]. However, 

what many businesses failed to realize is that addressing the water issues that are deemed financially 

burdensome could help manufacturing SMEs in terms of efficiency and profitability in the longer term [25]. 

Therefore, water conservation has been considered as one of the significant areas of green initiatives in E&E 

manufacturing SMEs and it should be implemented, managed and controlled by a systematic method to achieve 

sustainable green practices. In this regards, the present study propose to test the direct relationship between 

water conservation and sustainable green practices, and this discussion leads to the second hypothesis: 

H2: Sustainable green practices positively associated with water conservation 

 

2.3 Waste management and sustainable green practices: 

 The problem of waste management arises due to the unsustainable consumption system in the operation 

processes and many SMEs are facing the difficulty of how to dispose of the waste from their production process 

[26]. An increasing of pollution and producing a negative environmental impact is due to the practice by most of 

the SMEs whereby they managed their waste products traditionally by releasing them into the environment 

without prior treatment. Waste management performance of SMEs is neither recognized nor evaluated since 

most of the environmental research concentrated on large firms. In addition, Weerasiri and Zhang [27] noticed 

that the level of recognition of the importance of waste management in SMEs considerably low and emphasis 

should be given to enhance the waste management agenda in SMEs. Therefore, waste management has been 

considered as one of the significant areas of green initiatives in E&E manufacturing SMEs and it should be 

implemented, managed and controlled by a systematic method to achieve sustainable green practices. In this 

regards, the present study propose to test the direct relationship between waste management and sustainable 

green practices, and this discussion leads to the third hypothesis: 

H3: Sustainable green practices positively associated with waste management. 

 

3.0 Research methodology: 

3.1.  Data collection: 

 The target population for this study is 768 E&E manufacturing SMEs in Malaysia. Four hundred E&E 

manufacturing SMEs were contacted but only 272 E&E manufacturing SMEs returned the survey via 

conventional and electronic mail. The overall response rate was 68.0 percent. However, nine respondents 

indicated that their firm not adopting any green initiatives approach towards sustainable green practices based 

on the twenty four questions in the questionnaire form. In minimizing response bias that may disrupt the interest 

of this research, this study excluded thirteen responses, where nine responses were described above and three 

additional exclusion was of questionnaire which contained more than twenty percent missing data. Therefore, 

the usable rate of return is 65.0 percent and this value is equivalent to 260 sets of data. Based on Babbie [28] 

and Zikmund et al., [29] recommendation, this quantity is adequate for multivariate analyses and reporting as 

they advocated for a minimum of fifty percent response rate. 
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3.2 Measurement Scale: 

 A five-point Likert scale from “strongly disagree” to “strongly agree” was used for the questionnaire. To 

meet the study objectives, Section A of the questionnaire titled as “Demographic Profile” and contains selected 

ten demographic questions of researcher. Section B titled as “Green Initiative Involvement”, contain three green 

initiatives variables namely, “energy management, water conservation and waste management” and make-up of 

eight questions each and all twenty four questions were adopted and translated from Kannan and Boie [30], 

McKeiver and Gadenne [31], Tchobanoglous, [26] and Cassells and Lewis [32] studies. The dependent variable 

titled as “Sustainable Green Practices” in Section C and all eight questions make-up in this variable were 

adopted and translated from Cassells and Lewis [32], Kerr [33] and Sharma,[34] studies. 

 

3.3 Validation of measures: 

 In order to establish the reliability and validity of the measures, factor analysis was conducted on each of 

the constructs using the principal component analysis with Varimax rotation. Items  will be eliminated if the 

factor loadings are less than 0.5, a minimum threshold value recommended, or items that did not load on any 

factor or load on a different. The results in Table 1 showed that all items demonstrating some degree of 

convergent validity as they had loadings > 0.5 on their expected constructs (see [35]). In support, due to the 

small sample size, the factor loadings showed that the model is a reasonable but imperfect fit of the data (see 

[36]). To establish the construct validity of the measures, composite reliabilities were then calculated [35] and 

each of the composite reliabilities exceeded the commonly accepted threshold of 0.70. 

 
Table 1: Measurement Items for Determinant Factors. 

Construct Measurement Item Loading Alpha 

Energy 

Management 
 

1. Ensures that its activities minimize the amount of energy used 0.847 0.890 

2. Ensures that its activities minimize the amount of emissions 0.816 

3. Set measurable targets for reducing energy usage 0.735 

4. Has very effective strategies for improving energy management 0.806 

5. Utilizes sustainable energy sources wherever possible 0.651 

6. Uses energy-efficient equipment and products for production process 0.714 

7. Uses high energy efficient lighting 0.683 

8. Regularly monitors trends in energy consumption 0.722 

Water conservation 9. Ensures that its activities minimize the amount of water used. 0.713 0.874 

10. Promotes the re-use of water in production process 0.681 

11. Set measurable targets for reducing water usage 0.807 

12. Has very effective strategies for improving water conservation 0.647 

13. Promotes recycling of water with re-circulating cooling system 0.739 

14. Installs water-efficient devices and equipment to control water usage 0.856 

15. Regularly monitors trends in water usage 0.648 

16. Ensures that its activities minimize the amount of effluent discharged 0,733 

Waste management 

 

17. Ensures that it minimizes the amount of waste resulting from its activities 0.847 0.817 

18. Ensures that its activities minimize the contaminants emissions to the land. 0.692 

19. Promotes the recycling of waste 0.818 

20. Set measurable targets for waste reduction 0.711 

21. Has very effective strategies for improving waste management 0.814 

22. Complying with legislationof hazardous waste disposal 0.807 

23. Monitors and records on-site waste disposal 0.719 

24. Has waste storage facilities that meet environmental requirements 0.734 

Sustainable green 

practices 

25. Manufactures product in a way that minimize impacts on the environment 0.823 0.792 

26. Products are designed in a way that minimizes adverse impact 0.651 

27. Uses Life Cycle Analysis to assess the environmental impact of the product 0.847 

28. Carries out environmental audits at regular intervals 0.824 

29. Requires all suppliers meet certain environmental criteria 0.734 

30. Hires external experts as consultant in dealing with environmental issues 0.699 

31. Identifies activities that are environmentally 0.762 

32. Has a clear vision of the importance of environmental policies 0.759 

 

4.0  Results: 

 The following section is presented in four parts: descriptive analysis, preliminary correlational analyses and 

linear regression analysis for testing Hypotheses H1, H2 and H3. 

 

4.1.  Descriptive analysis: 

 The respondents to the survey consisted of 85.4% males and 14.6% females and most of the respondents 

were manager (37.7%), followed by owner (21.9%), director (17.7%), head of department (15.4%) and owner 

and manager (7.3%). Almost half of the respondents have six to ten years attachment in the organization 

(49.6%), followed by more than 10 years (25.8%), two to five years (23.8%) and less than two years (0.8%). 

Majority of the respondents have more than 10 year‟s attachment in the industry (80.4%), followed by six to ten 

years (16.2%) and two to five years (3.5%). Top three main activities in the company were manufacturer of 
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consumer electronics (21.9%), manufacturer of electronic component and boards (20.4%) and manufacturer of 

electric domestic appliances (13.8%). Majority of the respondents were working in medium sized SME with 75 

to 200 employees (75%), while another 25% working in small sized SME with 5 to 75 employees. Most of the 

company annual sales turnover was between RM41– RM50 million (66.5%), followed by between RM21–

RM40 million (18.1%) and between RM10 – RM20 million (15.4%). Most of the company (75.8%) did not 

have accreditation from ISO 14000.  

 

4.2 Preliminary Correlational Analyses: 

 According to Cohen [37], zero-order correlation coefficients were examined for meaningfulness according 

to effect size standards in an attempt to better examine initial relations between the variables of interest in this 

study. Table 2 presents the correlation matrix of the constructs. 
 

Table 2: Correlation matrix of constructs. 

Constructs/Variables 1 2 3 4 

Energy management 1    

Water conservation .860** 1   

Waste management .645** .708** 1  

Sustainable green practices .548** .639** .507** 1 

Mean 3.28 3.24 3.94 3.19 

Standard deviation 0.92 0.94 0.76 0.85 

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). 

 

 Preliminary analysis suggested a moderately strong [37] and positive relation between energy management 

and sustainable green practices (r = .55, p <.001), water conservation and sustainable green practices (r =.64, p 

<.001), waste management and sustainable green practices (r = .51, p <.001). In sum, the results in Table 2 

provided preliminary evidence of the significant relation and support for the further testing of hypothesis. 

 

4.3 Regression analysis: 

 To test Hypotheses H1, H2 and H3, we performed a series of linear regression analysis where energy 

management, water conservation and waste management were regressed separately on sustainable green 

practices. Table 3, illustrated the result of regression analysis 

 
Table 3:  Results of the regression analysis. 

Hypothesis R2 Adjusted R2 Beta F t Sig. 

H1 .301 .298 .548 110.889 10.530 .000 

H2 .408 .406 .639 177.764 13.333 .000 

H3 .257 .254 .507 89.295 9.450 .000 

 

 In the first linear regression equation, energy management significantly predicted sustainable green 

practices, R
2 

= .301, R
2

adj = .298, F(1, 258) = 110.89, p <.001. In the second equation, water conservation 

significantly predicted sustainable green practices, R
2 

= .408, R
2
adj = .406, F(1, 258) = 177.764, p <.001. Waste 

management also positively predicted sustainable green practices, R
2 

= .257, R
2
adj = .254, F(1, 258) = 89.295, p 

<.001, in the third equation. Thus, Hypotheses H1, H2 and H3 were supported and therefore it can be mentioned 

that green initiatives was associated with sustainable green practices. 

 

5.0 Discussion: 

 The aim of this study was to examine the current state of green initiatives in E&E manufacturing SMEs and 

how E&E manufacturing SMEs accomplished sustainable green practices. In terms of the literature, we intend to 

show opposite to conservative insight that green initiatives are able to be adopted by E&E manufacturing which 

eventually leads to sustainable green practices through precise competences based on the unique tactical 

characteristics of SMEs. Overall, the findings shows a positive relationship exists between green initiatives 

(energy management, water conservation and waste management) and sustainable green practice in E&E 

manufacturing SMEs. In contrast, the regression result shows that, the higher the levels of green initiatives 

implementation, the greater the levels of sustainable green practices in E&E manufacturing SMEs. Furthermore, 

some of green initiatives were widely adopted by SMEs which are consistent with the results of previous 

research conducted in different geographical regions and different industries (e.g. [31, 38, 39]). 

 On the other hand, the findings for large firms by Buysse & Verbeke [40] are similar to our data that clearly 

clustered SMEs green initiatives into pollution prevention and resources recovery categories. Meanwhile, there 

is a positive and significant relationship with sustainability by firms with proactive environmental strategies 

which is similar to the findings for larger firms [41, 42]. In view of the above statement, different paths generate 

different sets of capabilities based on different sets of characteristics can be followed by large and small firms. 

Therefore, the foundations for those initiatives may be significantly different for large and small-size 

organizations although some features of these three green initiatives for SMEs may be similar to those in large 
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organizations. For instance, small organizations may build these initiatives based on their uniqueness of 

strategic characteristics as discussed above while larger firms may deploy resources such as significant 

investments in modification to develop these three green initiatives or sophisticated systems for production 

process. 

 Furthermore, with regards to E&E manufacturing SME‟s context, the result showed an existence of positive 

and significant relationship between green initiatives and sustainable green practices as a systematic pattern of 

simple but multiple, consistent and co-ordinated practices that concurrently reduce environmental impacts and 

organizational costs. As eco-efficient practices have been often recommended as first steps of SMEs adoption 

and the path of environmental change, hence this is relevant for practitioners and policy makers. 

 Furthermore, in relation to cost and analysis perspective, this finding may help to differentiate between an 

isolated practice (e.g. switching off lights when not necessary) and a systematic pattern of practices demanding 

certain organizational capabilities (rather than resources or critical size). 

 On the other hand, there are relevant implications for practitioners and governments based on our findings. 

The importance of green initiatives has been demonstrated in this research while improving sustainability of 

green E&E manufacturing SMEs form a managerial viewpoint. Besides, it is crucial for SMEs to incorporate 

environmental management monitoring, education, and training systems into their organizations. This is due to 

the fact that the business decision of environmental management required years of continuous organizational 

commitment and is not made at a single point in time. It is suggested that E&E manufacturing SMEs appoint an 

environmental manager classified under green job category for green initiatives implementation and incorporate 

“four pillars” of Green Technology Policy into organization‟s corporate strategic agendas. From a government 

perspective, the level of perceived uncertainty should be reduced by government assistance to SMEs based on 

the results in order to ensure the successfulness of green initiatives. There are various programmes that may 

reduce the perceived uncertainty. For instance, training programmes such as green technology adoption for 

SMEs owners/managers. The understanding of green technology changes may be achieved and a clearer view of 

potential evolution on sustainability of development that will conserve the natural environment and resources 

can be provided. 

 Meanwhile, this study may encourage further work due to some limitations. For instance, there is a need to 

focus on a single industry which eventually will affect the generalizability of the findings. Although other 

research works have studied the green initiatives and sustainability practices in different industries (e.g. [31, 

39]), it is necessary for the researchers to interpret these results with care especially when relating them to other 

organizational contexts, with different levels of indecision and different rigid, viable and technological 

conditions. 

 

6.0 Conclusions: 

 Finally, this study has looked at the question of whether E&E manufacturing SMEs believe that there is a 

direct relationship between green initiatives and sustainable green practices. The empirical evidence says „yes‟. 

Optimizing the resources of the firms and pollution prevention, improving the corporate image or compliance 

with legislation, and  all of which add to sustainability are among the series of advantages as agreed by  the 

majority of E&E manufacturing SMEs who have taken part in this survey.. However, the implementation of 

green initiatives will not always guarantee optimal result. Therefore, E&E manufacturing SMEs specifically and 

SMEs generally have a very significant role to play in the changing work environment in the field of 

manufacturing. It is therefore, most critical that their operations are clean and green. This means that (1) they 

processed environmentally-friendly inputs; (2) there is a minimal generation of waste, hazardous as well as 

nonhazardous; (3) they use a closed loop manufacturing system as much as possible in relation to waste 

disposal; and (4) minimizing the use of natural resources such as water and energy by recycling and reuse of 

packaging material. In a nutshell, it is crucial for the greening industry in its region to have conducive 

environmental sustainability of E&E manufacturing SMEs. 
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