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Abstract   
Facing to challenges to develop sustainably and create profits as well as competitive advantages in the context of fierce market competition becomes the first priority concern of firms. Fostering the technological innovation towards manufacturing process and investing in manufacturing activities which are friendly with the environment are considered as important factors to limit waste and enhance firm performance. This empirical research was conducted by the quantitative approach with a sample of 400 firms in manufacturing sector at industrial zones in Vietnam for finding out the relationship between technological factor including relative advantage, compatibility and simplicity and green innovation. The result showed that relative advantage, compatibility and simplicity had significant effect on green innovation in manufacturing sector. From the result of this survey, manufacturing enterprises can adjust their business strategies properly to achieve better financial performance as well as competitive advantage when implementing green innovation to develop their firms and protect the environment sustainably.
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1. Introduction 
Currently, the problems regarding environmental pollution, greenhouse gas or climate change are becoming an urgent and global issue that each country must consider to take responsibility and cooperate with others to solve the problem. The rapid growth of economic and the fast development of industrial parks are also a cause of pollution environment, resource depletion. In addition, manufacturing firms are also considered as main cause of environmental problems that every country has to deal with. Manufacturing operations often lead to different adverse issues regarding air pollutants, waste disposal, and fuel consumption. Those harmful effect not being treated in manufacturing process has polluted detrimentally not only to the environment locals’ lives and health, and even enterprises’ performance (Nishant at el., 2012). In fact, businesses pay little attention to benefits community, society and the environment tending to focus on the profits of the organization (Nham, 2012). In addition, they are still afraid to invest in equipment and production technology to protect the environment market because it consumes quite a lot of costs that can affect the profits of enterprises.
However, wise enterprises have realized that changing their manufacturing methods can help to reduce negative impact on environment and successfully achieve the firms’ goal in highly competitive market (Walker et al., 2012). In reality, green innovation can improve preventing the environmental pollution, allowing enterprises to save their operating costs, and reusing material through recycling, lowing the environmental cost, and processing the waste as well as receiving the positive reputation, getting high price for products, and increasing turnover (Christmann, 2004; Bansal, 2005; Ho, 2015).
Understanding the factors affecting green innovation of enterprises is also an attracting topic gaining a lot of attention from researchers. Stakeholder pressure, technological factors, environmental regulations, company size, managers’ characteristics, human resources frequently appear in related research (Etzion, 2007; Gonzalez-Benito and Gonzalez-Benito, 2006). Green innovation can be a process of carrying out new approach with regard to techniques, process or technical innovation to reduce harm (Henriques & Sadorsky, 2007). Additionally, the characteristics of technology such as, compatibility, complexity, and relative advantage and has proved that are primary aspects affecting adoption of new technology. 
It is recommended that those characteristics are relevant in environmental management and should be consider when analyzing the adoption of green innovation. Therefore, the research aiming to analyze the effect of technological factor on green innovation of enterprises in manufacturing sector in Viet Nam. An understanding of the primary determinants is necessary for enterprises’ owners and top management to adopt efficiently green innovation for achieving the goal.
 2. Review of literature and research model
Technological factors
Environmental experts had emphasized that green technology is one of the leading solutions to deal against climate change, and is also an area with full of future development prospects. Hence, countries pursuing green technology mean not only targeting the environment but also targeting an area that has the ability to create new life force for the economy. Many studies were conducted to choose the most effective mode of technological innovation to be suitable with a certain industry, which also became a key issue towards enterprises. Roger (2003) stated that the technology innovation was the most appropriate path to achieve green transformation while the independent innovation became the primary driving force for the promotion of green development for technology-intensive industries. 
	There were many factors relating to technology, which were discussed about their influence on technological innovation such as relative advantage, compatible ability, complexity, observable ability, usable element, intensive information, and uncertainty (Roger, 2003). Relative advantage was the level in which an innovation was considered as having more advantages than the changed idea. It can be measured by economic terms or social ones such as performance, satisfaction, and convenience (Lin & Ho, 2011). Compatible ability was the level in which an innovation was considered as being suitable with current value, experience, and need of firms (Rogers, 2003). Complexity was the level that an innovation was regarded as being difficult in understanding and using as it increased the difficult level in transferring knowledge and popularizing innovation (Rogers, 2003). Therefore, simplicity was extent that an innovation is easy to understand, use, transfer knowledge and popularize innovation. This paper focused mainly on those three factors above to measure the effect of technological factor on green innovation of SMEs in manufacturing.
Green innovation
Facing to the pressure from government, stakeholders and other institutions as well as desire of achieving successfully goal, enterprises have difficulties in balancing in production process and protecting environment. Hence, green innovation is stated as a new approach to solve that challenge for many business practices (Berrone et al., 2013). Identifying factors affecting green innovation and effect level of that innovation to enterprise performance is very important to comply with the environmental regulation in order to get firm performance in manufacturing sector as well as develop firms and the environment sustainably (Salihu, 2016).
Green innovation is defined as new or improved processes, techniques, practices, systems and products allowing enterprises to constantly improve their production and business efficiency, while maintaining sustainable development, minimizing raw material costs, increasing energy productive forces and be socially responsible to avoid and minimize harm to the environment (Kemp et al., 2001; Beise & Rennings, 2005). Green innovation can categorize into three section involving green process, green product, and green management. In addition, it can be seen that green product innovation and green manufacturing process had positive relationship with competitive advantages of firms. The result of many studies showed that green product and green process had impact positively on competitive advantages, green image as well as economic performance of enterprises (Rave et al., 2011; Chiou et al., 2011). 
Green innovation seems to focus on cooperation for environmentally sustainable development at every stage in production of goods and services (Velena & Ellenbecker, 2001). In other words, green consumption is environmentally responsible consumption while consumers consider the impacts on the environment when purchasing, using, disposing of different products or using use other green services (Moisander, 2007). Therefore, enterprises have to pay much attention to the technology factor for the application of green innovation to increase competitiveness and consumer support. 
Relationship between technological factors towards green innovation
 	Several technological characteristics were discussed by researchers regarding their influences on innovation including relative advantages, compatibility, complex, reliable, easy to observe, easy to use, information intensity or uncertainty (Frambach & Schillewaert, 2002;
Jeyaraj et al., 2006; Rogers, 2003; Tornatzky & Klein, 1982). Previous studies on green innovation suggested that technological factors involve the relative advantage of innovation innovation, the complexity of the innovation, and the compatibility of the innovation can affect more positive to green innovation than other factors (Rogers, 2003; Sia et al., 2004; Lin & Ho, 2011; Kousar et al., 2017). The results indicated that relative advantage and compatibility of technology was found to have a positive impact on the adoption of green innovation. Contrastingly, complexity was claimed to have a negative effect on intention to innovate green practices. The minority of research with respect to environmental concern have not considered empirically the effects of technological factors on green innovation. For filling this gap, this research is aiming to find out the effect of technological factors on the intention to adopt green practices for Vietnamese organizations context.
2.1 Hypotheses
From the results of the above studies and based on the innovation diffusion theory of Roger (2003), it is expected that relative advantage, compatibility and simplicity could impact positively on green innovation of firms in manufacturing sector in Vietnam. The hypotheses of this research are given as following:
H1: There is a positive relationship between relative advantage and green innovation of Vietnamese firms in manufacturing sector.
H2: There is a positive relationship between compatibility and green innovation of Vietnamese firms in manufacturing sector.
H3: There is a positive relationship between simplicity and green innovation of Vietnamese firms in manufacturing sector.









2.2 The conceptual framework of the study
[bookmark: _GoBack]Previous studies have focused on many factors affecting on the innovation of green practices including organizational factors, pressure from stakeholders or environmental factors (Kimberly & Evanisko, 1981; Aragon-Correa & Sharma, 2003; Lee, 2008; Guo et al., 2018; Borsatto, 2019). This research will concentrate on and apply innovation diffusion theory of Roger (2003) to determine the effect of technological factors on green innovation in the context of Vietnamese manufacturing enterprises. The research framework of this research is proposed below:
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3. Research Methods and Data
3.1 Research method
In order to determine the impact of technological factors on green innovation, this study had used the quantitative research method. The next step was the stage of analyzing the data collected from the respondents. In this step, the Exploratory Factor Analysis (EFA) would be used for considering the factor structure of a set of observed variables in the study. Finally, the Structural Equation Modeling (SEM) was used to test the research hypotheses. In this study, PLS-SEM was used to estimate both the measurement modeling and the structural equation modeling for the proposed research model of the author. Software SPSS 22.0 is used for descriptive statistics and testing the scale of factors while Smart-PLS 3.3.2 is also used for both measurement modeling and structural equation modeling.
3.1 Sample of the study
The subjects in this survey were directors of organizations in manufacturing sector located in the main industrial zones in Vietnam. The survey was conducted in different groups of respondents who differ in gender, educational background, managerial experience, working seniority in the current firm, form of business as well as frequency of using green products to get the representation for the whole population. Based on the regulation of Trong and Ngoc (2008) for sampling size when using the Structural Equation Modeling, the suitable size for samples was in the range from 300 to 500 to avoid computation difficulties in analyzing data, therefore, the sample of this survey was collected from 400 respondents working in the industrial zones across the country in the North, South and Middle Region of Vietnam. The convenience sampling method was used as this method helped the author collect the data from the population, which could be available to participate in this study.  

4. FINDINGS
4.1 Descriptive statistics
4.1.1 Describing samples 
	The survey of samples was performed towards group of participants differing in gender, education background, managerial seniority, experience in using the green products in different provinces, cities in Vietnam. The characteristics of the collected samples were described in the following table.  
	Characteristics
	Frequency
	Percentage (%)

	Gender
	
	

	Male
	368
	92.0%

	Female
Total
	32
400
	8.0%
100%

	Educational background
	Frequency
	Percentage (%)

	Undergraduate
	9
	2.25%

	Bachelor’s degree
	333
	83.25%

	Master / Ph.D.
Total
	58
400
	14.5%
100%

	Managerial seniority

	From 1 year to 3 years  
	49
	12.3%

	From 4 years to 6 years 
	179
	44.8%

	From 7 years to 9 years 
	115
	28.7%

	Over 10 years 
Total
	57
400
	14.2%
100%

	Frequency of using green products

	Never 
	180
	45.0%

	From once to thrice
	170
	42.5%

	From 4 to 6 times
	44
	11.0%

	More than 6 times 
	6
	1.5%

	Total
	400
	100%


Table 1: Characteristics of the samples
4.1.2 Describing observed variables
4.1.2.1 Factor Relative advantage (LTD)
Factor Relative advantage included 13 variables, which were coded from LTD1 to LTD13. The first computation for the factor resulted in Cronbach’s Alpha = 0.769, which was a good one. After considering the Corrected Item-Total, the survey also disqualified the item LTD1, LTD4, LTD7, LTD9, LTD10, LTD12, and LTD13 owing to their Corrected Item-Total Correlation being smaller than < 0.3, therefore, they were removed from the questionnaire. The survey continued for the second run and the result showed that Corrected Item-Total Correlation all variables were > 0.3 and Cronbach’s Alpha of variables all were > 0.7 so that LTD1, LTD2, LTD3, LTD5, LTD8 and LTD11 met the requirements and were used for representatives of scale Relative advantage.  
4.1.2.2 Factor Compatibility (KTT)
Factor Compatibility included 9 variables, which were coded from KTT1 to KTT9. The first computation for the factor resulted in Cronbach’s Alpha = 0.756, which was a good one. KTT6, KTT7 and KTT8 also were disqualified because their Corrected Item-Total Correlation were all smaller than 0.3 and ran for the second time. The second run of computation showed that Corrected Item-Total Correlation of all variables were > 0.3 and Cronbach’s Alpha of variables all were > 0.7 so that KTT1, KTT2, KTT3, KTT4, KTT5 and KTT9 met all the requirements and were used for representatives of scale Compatibility.
4.1.2.3 Factor Simplicity (SDD)
Factor Simplicity has involved 7 variables, which were coded from SDD1 to SDD7. The first computation for the factor resulted in Cronbach’s Alpha = 0.896, which was a good one and Corrected Item-Total Correlation of all variables were > 0.3 and Cronbach’s Alpha of variables all were > 0.7 so that SDD1, SDD2, SDD3, SDD4, SDD5, SDD6 and SDD7 met all the requirements for analysis and were used for representatives of scale Simplicity of SMEs in manufacturing sector.
4.2 EFA of independent factors
In the first run, LTD11 and KTT9 were disqualified due to two variables load at the same time in both factors and ran the second time. With KMO = 0.907, the analysis of factors was suitable with the requirement. In addition, Sig. of Bartlett’s Test = 0.000 (< 0.05) proved that observed variables had mutual correlations in general. Extraction Sums of Squared Loadings (Cumulative %) = 54,336% > 50%. It proved that 54,336% of data’s upheaval was explained by 3 factors. All factor loadings of observed variables were > 0.5 so that these variables all had meanings to contribute to the modeling (Hair at el., 2009).
4.3 Measurement modeling
	According to Holland (1999), when analyzing data with Smart-PLS, indicators needed to evaluate in the measurement modeling included outer loadings (relationship between indicators and reflective construct), reliability, convergent validity, and discriminant validity. In this study, outer loadings of observed variables were all larger than 0.7 (>0.7) so that all observed variables had meanings in the modeling. In addition, Cronbach’s Alpha of scales were larger than 0.7 (> 0.7); therefore, all scales ensured the reliability. All scales also had convergent validity as their Composite Reliability was larger than 0.7 and their Average Variance Extracted were larger than 0.5 as shown in the table 2 below:
	
Table 2: Construct Reliability and Validity of factors


	
	Cronbach's Alpha
	rho_A
	Composite Reliability
	Average Variance Extracted (AVE)

	DMX
	0,916
	0,919
	0,933
	0,665

	KTT
	0,848
	0,857
	0,891
	0,620

	LTD
	0,874
	0,894
	0,908
	0,664

	SDD
	0,896
	0,903
	0,918
	0,615


All values of discriminant validity in this study were replied on rule of Fornell at el. (1981) when testing the Measurement modeling with observed variables and measurement error. The result of analysis showed that the smallest square root of AVE was larger than the biggest value of correlations among latent variables; therefore, the discriminant validity was ensured.  
4.4 Testing the research hypothesis
	The criterions to evaluate quality of PLS-SEM as well as steps to test hypotheses in this study were replied on the evaluating suggestions of Hair at el. (2016). According to Hair at el. (2016), there was no suitable measurement for the whole PLS-SEM; therefore, the quality of the model was evaluated by R square, Variance Inflation Factor (VIF), Path Coefficients, and Effect Size (f2). The result in Table 3 showed that R square (R2) was in the range from 0 to 1 (when approaching closely to 1, it means that independent variables explain more for dependent variables) so that the structural modeling had good quality.
	Table 3: R Square

	
	R Square
	R Square Adjusted

	DMX
	0.218
	0.218


	
From Table 3 above, it can be seen that R square adjusted of the independent factor (DMX) was 0.218; therefore, the observed variables explained 21,8% of upheaval of DMX. 

Table 4: Inner VIF values
	
	LTD
	KTT
	SDD

	DMX
	1.000
	1.000
	1.000


In order to evaluate the multicollinearity, the author used the result of Variance Inflation Factor (VIF) when analyzing PLS-SEM. According to Hair at el. (2016), if VIF is from 5 or more, the model may highly have the multicolinearity phenomenon. As seen in the Table 4 above, the research result showed that all VIF indexes were smaller than 5 (< 5); therefore, the author could conclude that there was no multicollinearity in the structural modeling.   
	When evaluating Effect Size of factors, the author based on Cohen’s criterion (1988) as followings: if f2 < 0.02: very small or no effect; f2 ≥ 0.02: small effect, ≥ 0.15: medium effects, ≥ 0.35: large effects.

Table 5: f Square
	
	LTD
	KTT
	SDD

	DMX
	0.046
	0.050
	0.056


	
It can be concluded that Relative advantage (LTD), Compatibility (KTT) and Simplicity (SDD) had all small effects on Green innovation of firms with those factors’ f2 > 0.02.
Table 6: Result of testing hypotheses
	Hypothesis
	Hypothesis path
	Path coefficients
	P Values
	Result

	H1
	LTD -> DMX
	0,218
	0.000
	Accepted

	H2
	KTT -> DMX
	0,207
	0.000
	Accepted

	H3
	SDD -> DMX
	0,220
	0.000
	Accepted



After testing the concepts with the reliability and validity, the structural modeling was applied to test the relationship among research hypotheses. The result of testing hypothesis with Path coefficients and P values in Table 6 showed that H1, H2 and H3 were accepted. It proved that Relative advantage and Compatibility impacted positively on green innovation of firms with path coefficient as 0.207 (Sig. = 0.000 < 0.05) and 0.218 (Sig. = 0.000 < 0.05) respectively. Additionally, Simplicity also affected positively green innovation with path coefficient as 0.220 (Sig. = 0.000 < 0.05). 
  All the path coefficients of factors were shown in the following figure of structural modeling:



[image: ]

Figure 2: The structural equation modeling of the study 

4.4 Result discussion
 	With impact of β = 0.218 and P values = 0.000 < 0.05, it can be concluded that H1 was supported which meant Relative advantage influenced positively on green innovation. The research result is relevant with the proposed hypothesis of this research. This is the second strongest impact in the relationship between characteristics of technololgical factors and green innovation. The research result is consistent with the results of previous studies (Afuah, 1998; Del Rio Gonzalez; 2005; Le et al. 2006) as well as with the theory of Roger's innovation diffusion theory (2003), relative advantage is a main predictor in terms of adoption innovation. Therefore, with relative advantage in innovating green technology, companies can differentiate themselves from others by offering unique forms of new product and services products and also can achieve a great deal of superiority over their competitors competing in the same industry and in the same production area. Research results also proved that businesses have to realize the benefits of green innovation compared to existing technology while making decisions regarding adoption of innovations that can help firms successfully operation in the economic market.
For Compatibility, with impact of β = 0.207 and P values = 0.000, it meant H2 was supported which meant Compatibility affected positively on green innovation. The research result is consistent with the results of previous studies (Kem et al., 2001, Beise et al., 2005, Le et al., 2006, Weng et al., 2011) as well as with the theory of Roger's innovation diffusion theory (2003) that Compatibility is a primary predictor in terms of adoption innovation. Businesses will be more likely to adopt new innovation when they find that innovation is more compatible with their current business activities. In fact, technological innovation towards green economic development is the appropriate direction and in line with the new development trend of the business today, not only bringing benefits to businesses but also bringing efficiency in the long term to transition to a green economy.
For Simplicity, with impact of β = 0.220 and P values = 0.000, it meant H3 was supported which meant Simplicity affected positively on green innovation. The research result is consistent with the results of previous studies (Kemp et al., 2001, Beise et al., 2005, Le et al., 2006, Weng et al., 2011) as well as with the theory of Roger's innovation diffusion theory (2003) that Simplicity is a determinant affecting positively on green innovation. The results reinforced the statement of previous studies that technology complexity negatively and significantly affects adoption green innovations (Tornatzky & Klein, 1982; Rogers, 2003; Lin & Ho, 2011; Kousar et al. 2017). It implied that firms lacking technical expertise or human resources are less willing to adopt innovation. When innovations become simple, easy to learn and use, they tend to adopt green innovations and fulfill their role to reduce the negative impact on the environment.
5. CONCLUSION AND RECOMENDATION
This empirical study was conducted with the aim of determining the relationship between technological factor and green innovation of firms in manufacturing sectors located in the main industrial zones in Vietnam. The result of analyzing the measurement modeling and structural modeling of PLS-SEM has indicated that all three characteristics of technology including Relative advantage, Compatibility and Simplicity affected positively on green innovation. From the result of the study, it can be concluded that contribution of the paper became an important element to motivate Vietnamese enterprises can realize the significance of technological factor in the adoption of green practice to have relevant strategy and principal to sustain the firm effectively. In addition, it can enhance the self-consciousness of enterprises to actively to participate in green innovation, improving their firm performance and environmental performance as well as have a part in protecting the environment and develop green economy in Vietnam. From the result of the study, the author suggested some policies for administrators of enterprises to improve their performance when implementing green innovation as followings: (1) being active in investing and studying to innovate the high technology to enhance the productivity as well as save the natural material; (2) reasonably allocating budget to change new technology because the majority of SMEs due to their capital capacity are not strong enough to access new technology as well as human resource training policies for implementing green innovation (3) promulgating mechanisms and policies or necessary measures to encourage enterprises to increase investment in green technology for contributing to the protection of the environment, (4) actively grasping the general global trend, worldwide green technology implementing and moving towards, choosing the right technologies suit with the firms for developing in the most effective direction.
Same as other studies, this research still existed some limitations. Firstly, the survey only focused on identifying the impacts of technological factors on green innovation of firms in manufacturing sector in in Vietnam whereas there are some factors that can impact on the adoption of green practices. Future studies should discuss and consider about other factors including external factors, environmental factors as well as organizational factors to find out and compare the effects of each factors on green innovation. Secondly, this survey was conducted only in manufacturing sector while there are many firms in different business fields. Hence, future studies should be conducted to examine in other business fields for getting general evaluations towards green innovation. Finally, the convenience sampling method was only applied in this research, that is regarded as a type of non-probability sampling method to collect the data while other sampling methods have many advantages.
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