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ABSTRACT 

This paper analyzes the impact of corporate green technological innovation which is based on internal and external 
environmental factors, using hierarchical clustering approach to building a multi-index system. Evaluation index system 
for the various environmental factors inherent in the ambiguity, the use of rough set theory set a new business model for 
green technology innovation and environmental assessment. The model overcomes the traditional rough set model cal- 
culation bottleneck. Empirical studies demonstrate that the proposed index system and evaluation model have effec- 
tiveness, relevance and objectivity.  
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1. Introduction 

In recent years the human facing many development 
problems, such as the environmental pollution, the ab- 
normal climate change, the insufficient supply of re- 
sources and so on. This problem is not only restricting 
development of economic and social sustainable, but also 
endangering the human beings survival and development. 
To face with the deepening green consumer spending 
outlook, companies must change the extensive produc- 
tion and management of the high consumption, low effi- 
ciency and heavy pollution into the low-cost, high effi- 
ciency, less pollution-intensive production methods, that 
can be improve resource efficiency and production effi- 
ciency. The key to achieve this transformation is the im- 
plementation of green technology innovation. To suc- 
cessful implement the green technology innovation, com- 
panies needed a good environment, the objective evalua- 
tion of internal and external environment, which will 
help companies, find and create a good environment for 
green innovation [1].  

The green technology innovation is the general defini- 
tion of technology, process and product innovation which 
must follow eco-economy principles and laws of ecology, 
conserve resources and energy, and avoid, eliminate or 
reduce environmental pollution and ecological damage. 
Academics have been studied on the green technical in- 
novation from different angles. Vicki Norberg-Bohm (1999) 
discussed how to design public policy mechanisms to 
promote the hinder innovation in pollution control tech- 
nology, and set up six policy design standards to promote 

the green technology innovation [2]. Yushan Chen (2006) 
explored the business green innovation for a positive 
impact on the performance of its competitive advantage. 
The study found that the development of enterprises can 
be strengthened by the green technology innovation; 
businesses should recognize the value of green innova-
tion and the correct positioning [3]. Yushan Chen (2008) 
also verified the core capabilities and the image of green 
innovation and environmental performance was posi- 
tively correlated, and confirmed the development of en- 
terprises can be enhanced by the image of green innova- 
tion building, the green core competencies investment 
[4]. 

It is a late start of China’s green technology innovation. 
In recent years, China primarily focused on the meaning 
of green innovation and green technology innovation 
barriers and countermeasures research. In the terms of 
green technology innovation Meaning, Ping Li (2001) 
compared the green technology innovation with the tra- 
ditional technological innovation. As a result, he pointed 
out that technological innovation from the traditional into 
the green is the only way to achieve sustainable deve- 
lopment [5]. Ling Yuan (2000) described the content and 
development Status of the green technology and green 
technology innovation, it has been defined the concept of 
green technology innovation from the economic point of 
view [6]. In research for the enterprise level, Huafeng 
Yang (2005) explored the enterprise to promote green 
technology innovation barriers, made for the circular 
economy to carry out business strategies and innovative 
green technology [7]. Jun Jiao (2011) analyzed the green 
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value network which consisted with the business and 
stakeholders, proposed the basic theoretical framework 
which based on the relationship between the green stra- 
tegic alliance and the green innovation, and elaborated on 
the elements of green technology innovation and opera- 
tional mechanisms [8]. Through the investigation and 
empirical research, Qinghua Zhu (2011) proposed the 
Chinese telecommunications equipment manufacturing 
industry to implement eco-design practice dynamic model, 
the results showed that: the external power for telecom 
equipment manufacturers had a positive effect on eco- 
design practice [9]. 

Looking at the domestic and foreign innovation in green 
technology research, the academia made some research 
on the practical aspects and its content, but there were 
few researches on internal and external business envi- 
ronment in green technology innovation. To evaluate the 
Green technology innovation in the enterprise, the fuzzy 
comprehensive evaluation method was mostly used [10]. 
This method required pre-built membership functions, 
the build process more relied on experience, which also 
affected the objectivity of the environmental assessment. 
In-depth analysis of enterprise green technical innovation 
and external environmental influences, the new evalua- 
tion model is established by using the rough set theory 
[11], as to the internal and external environment of un- 
certainty, building a hierarchical clustering enterprise 
evaluation index system. Rough sets are different from 
the AHP [12], fuzzy sets [13] and the evidence theory 
based on probability [14], and it does not need the pro-  

bability distribution of membership functions such as 
prior knowledge, so the innovation in green technology is 
more objective evaluation of the environment. Finally, 
through the empirical research, this paper verifies the 
validity of index system and evaluation model.  

2. The Enterprise Evaluation Index System 
of Green Technology Innovation  

The innovation environment was a key factor to deter- 
mine whether the green technology innovation can be 
success or not, to impact and restrict the quality of the of 
the green technology innovation business activities. The 
business green technology innovation environment was 
composed of the people who impacted the green tech- 
nology innovation, organizations and other elements. The 
business green technology innovation environment changed 
the new technology into the network systems which could 
promote the business green power by the mutual coope- 
ration of Various actors and role [15]. This paper ana- 
lyzes the impact of two levels of innovation in green 
technology enterprise environmental factors from inter- 
nal environment and external environment, using hie- 
rarchical clustering approach to building enterprise green 
technical innovation evaluation system shown in Table 
1. 

3. Evaluation Model  

3.1. Model Related Definition  

M  can be formally expressed as  A decision system 
 

Table 1. The enterprise evaluation index system of green technology innovation. 

Green environmental awareness e111 

Green technology competition e112 External cultural environment e11 

Green consumption of consumer e113 

Financial support policies e121 

The complete extent of laws and regulations e122 Policy institutional environment e12

Financial and tax incentives e123 

Human resources e131 

Technical resources e132 

Internal environment e1 

External resources environment e13

Financing difficulty e133 

Management emphasis e211 

Green conception e212 Internal cultural environment e21 

Green technology innovation e213 

Incentives e221 

Intellectual property protection e222 Internal institutional environment e22

Cooperative research and development mechanism e223

Innovative talent pool e231 

Green technology innovation R & D funds e232 

The enterprise evaluation 
index system of green  
technology innovation 

External environment e2 

Internal resources environment e23 

The level of equipment and process improvement e233 
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quaternion: 
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      (1) 

 is a finite non-empty collection of objects, also known 
as the domain, tA  is a finite non-empty set of attributes. 

a  indicates that the property t , the range of at- 
tribute values, that attribute  of the range,  

a

V

:

a A
a

aI U V  is an information function. If tA A


, then 
aI x  shows the object x  of property value on pro- 

perty A . 
Write   as a formula for decision-making M , and  

the set    , MU xm x     as the meaning of    

in M . The argument of  m   is formula Language, 
which value is a subset of a collection of objects in in- 
formation sheet.  m   is the object of all which has the 
character of formula  . 

Using  AL  indicates the language which was de- 
fined by attribute subset A . Considering the attribute 
subset A At  and the corresponding language X , it 
can be defined the set of formal definitions are as fol- 
lows. 

Definition 1: In decision-making system M , only if 
there is a formula   in the language  AL


 allows  

X m  , the sub-set X U  can be defined by the 
attributed subset A At

 

, Otherwise, it was not defined. 
Definable set of all expressed as:  

     A  L L

 

,Def U A m       (2) 

Definition 2: If the two objects in the language 
AL



 described by the same formula, or their indivi- 
dual property values on A are the same, claiming that the 
two objects are equivalent. 

Definition 3: Let E A  be an equivalence relation on 
M , X U , the upper and lower approximation opera- 
tors  E Aapr , 

 E A
apr  is defined as: 

     
   

     
   

,

             , , ;

,

             , , .

apr X Y Y U E A Y X

Y Y Def U A X Y

apr X Y Y U E A Y X

Y Y Def U A Y X

 



  

  

  

  

 







L

L

  (3) 

On the approximation of  apr X  is the least defi- 
nable set containing X ,  apr X  is included under the 
approximation of the maximum can be defined in the X  
set. 

Definition 4: Consider the subset X U , the domain 
space will be divided into three areas: 

1) Positive region of set X :    X apr XPOS ;  
2) Negative region of set X :  

     U apr X NEG X POS X  ; 

3) Boundary region of set X :  

BND X apr X apr X  . 

 BND X  is the empty set, we called set If X  
about relationship  E A  is clear (crisp); the other hand, 
if  BND X  is not an empty set, we called set X  
about relationship  E A

E
n l

 is rough.  

3.2. Model 

Supposed  as the to be evaluated environmental factors, 
if there are number  factors in the  layer, then the 
environmental factors can be expressed as:  

 1 2l l l ln , the evaluation satisfaction of en- 
vironmental factors was expressed by . To construct 
a definition of rough set decision as table M. To cons- 
titute the object of different combinations of demand for 
U, E indicated condition attributes,  indicated de- 
cision attribute. The investigated results of the related 
personnel is the attribute values, the environmental fac- 
tors attributes set which to be evaluated was expressed by 

, , ,E E E E 
ES

ES

A , the survey satisfaction attribute set was expressed by 
. B
By calculating the area A is whether equal to B to 

determine the environmental factors can reduce or not. If  

   
 i

A
A CR

POS B POS B


 ES

iE

, this shows that  relative to  

 can be reduced .If not, then it is on the contrary. 
Using li  indicated the same node evaluation results 

in  layer with the environmental factor li  which 
was located in layer  number . The green environ- 
ment for technology innovation evaluation model can be 
expressed as  

l E
l i

   
 

P
liA EA

li

OS B
POS B

U U
             (5) 

Using ij  indicated the evaluation results of the en- 
vironmental factor li  which was located in layer  
number , then ij

E l
i   was equal to ij  which multiplied 

with the evaluation results of all the parent nodes in this 
environmental factor. 

4. Empirical Research  

As an enterprise for the study which selected 20 em- 
ployees of the enterprise survey who involved in mana- 
gement, technology development and front-line workers. 

According to the evaluation index system proposed by 
the above, the first layer of environmental factors to be 
evaluated of the enterprise external environment 1  = 
[external cultural environment ( 11 ), policies and sys- 
tems environment 12 , external resources and environ- 
ment ( 13 )]. Using 1, 3 and 5 indicated the staff satisfac- 
tion with the environment which was to be evaluated. 
The decision table which constituted with the survey 

E
E

E
E

results about the first layer was shown in Table 2. 
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The relative positive domain which calculated accord- 
in

 


g to Table 1 determined the various external environ- 
mental factors in relation to employee satisfaction whether 
reduction in the first layer. 

The relative positive region 11E  is: 

                 
11

1 10 3 12 4 13 5 14 6 15 9 18 7 16 25 8 17 11 20, , , , , , , , , , , , ,
A

A E

U U U U U U U U U U U U U U U


   (6) 

The relative p e region E  is: 

 , , , ,POS B U U U U

ositiv 12

 
 

             

   

,

                     , , , ,U U U U
             (7) 12

1 4 3 6 9 5 8 10 13 23 26 11 14 17 12 15 18, , , , , , , , , , , ,
A

A E

U U U U U U U U U U U U


19 ,U U22 25 21 24 27

The relative positive region 13E  is: 

 
 

, , , ,POS B U U U U U

             , , , , ,POS B U U U U U U     19 20 23 24 26 27, , , , ,U U U U U  

(8) 
13

1 2 5 6 7 8 9 11 12 14 15 16 17 18, , , , , , , , ,
A

A E

U U U U U U U U U


Because    
 11

A A
A E

POS B POS B


 ;  

   
 12

A A
A E

POS B POS B


 ;    
 13

A A
A E

POS B POS B


 , the  

11E , 12E , 13E  in the first layer 
echnol y i

e first layer external environ- 

13E  is: 

 

external environment 

 in 

of the enterprises green t og nnovation as to the 
satisfaction ES  can not reduce. It also means that the 
three factors the first external environment layer can 
not be ignored. 

It can be calculated th
ment evaluation results by the Formula (5). 

The evaluation results of 11E , 12E  and 

 
 11

11

19
1 0.296

27
AA EA

S
POS B

U U
         (9) 

PO B

 

   
 13

13

20
1

27
AA EA

POS B
POS B

U U
     0.259   (11) 

According to the calculation results can be seen:  

11 13 12      . 

 
 12

12
AA EAPOS B

U U
   

23
1 0.148

27

POS B

    (10) 

Using the same method to calculate the internal eva- 
lu

sti

rve

ve positive domain which calculated accord- 
in

The relative positive region 21E  is: 

   

ation results of the business green technology innova- 
tion environment.The first layer of environmental factors 
to be evaluated of the enterprise internal environment 

1E  = [internal cultural environment ( 21E ), internal in- 
tutional environment ( 22E ), internal resources envi- 

ronment ( 23E )]. The decision table which constituted 
with the su y results about the second layer was shown 
in Table 3. 

The relati
g to Table 3 determined the various internal environ- 

mental factors in relation to employee satisfaction whether 
reduction in the first layer. 

   
 

        
21

1 10 2A
A E

U U


The relative positive region 22E  is: 

11 3 12 6 15 7 16 8 17 18 27, , , , , , , , , , .U U U U U U U U U U                 (12) , , ,POS B U U

   
 

             6 9 13 16 14 17 22 25 23 26 24 27, , , , , , , , , , , .U U U U U U U U U U U U        (13) 

 
   

 , , , ,POS B U U U
22

1 4 2 5A
A E

U


The relative positive region 23E  is: 

           

   
23

1 2 3 4 5 7 8 9 10 11 12 16 17 13 14 15 19 20 21

22 23 24 25 26 27

, , , , , , , , , , , , , , ,

                      , , , , , .

A
A E

U U U U U U U U U U U U U U

U U U U U U

  (14) 

Because  

, , , ,POS B U U U U U

 
 21

A A
A E

POS B POS B


 ;  

   
 22

A A
A E

POS B S B


;    
 23

A A
A E

B POS B


 , the  

internal envir nment 22E  and 23E  in the first 
ree tech  in

the satisfaction ES  can not reduce. It also means that 

d. 

 the formula (5). 

PO

o

POS

21E , 
layer of the enterprises g n nology novation as to  

the three factors in the first internal environment layer 
can not be ignore

It can be calculated the first layer internal environment 
evaluation results by

The evaluation results 21E , 22E  and 23E  is:  
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   
 21 4

27

A E

U U
  (15) 21

1
1 0.481

APOS B
     

POS B

   
 22

22

A EA

POS B
POS B

U U
   

16
1 0.407

27
    (16) 

   
 23

23

A EA

POS B
POS B

U U
   

The final evaluation result was calcu

25
1 0.074

27
    (17) 

lated by th
vey of 20 employees that was shown in Table 4. 

Not i t,  

e sur- 

The weight of the first layer environmental indicators 
set by the evaluation team. Let the set of weights is  
m  1 2 3 4 5 6, , , , ,m m m m m m . Value of each weight is:  

1 1m  , 2 2m  , 3 3m  , 4 4m  . Corresponding set 
of wei mportant, general importanghts is m  = {

Table 2. The first layer external environment evaluation de- 
cision table. 

U E11 E12 E13 ES U E11 E12 E13 ES U E11 E12 E13 ES

1 1 1 1 1 10 3 1 1 1 19 5 1 1 3

2 1 1 3 1 11 3 1 3 3 20 5 1 3 3

3 1 1 5 3 12 3 1 5 3 21 5 1 5 5

4 1 3 1 1 13 3 3 1 1 22 5 3 1 3

5 1 3 3 3 14 3 3 3 3 23 5 3 3 5

6 1 3 5 3 15 3 3 5 3 24 5 3 5 5

7 1 5 1 3 16 3 5 1 3 25 5 5 1 3

8 1 5 3 3 17 3 5 3 3 26 5 5 3 5

9 1 5 5 3 18 3 5 5 3 27 5 5 5 5

Tab
ecis

le 
i

3 h econ  e r  e t evaluation 
d on tabl  

. T e s
e.

d layer xte nal nvironmen

U E21 E22 E23 ES U E21 E22 E23 ES U E21 E22 E23 ES

1 1 1 1 1 10 3 1 1 1 19 5 1 1 3

2 1 1 3 1 11 3 1 3 1 20 5 1 3 3

3 1 1 5 1 12 3 1 5 1 21 5 1 5 3

4 1 3 1 1 13 3 3 1 3 22 5 3 1 5

5 1 3 3 1 14 3 3 3 3 23 5 3 3 5

6 1 3 5 3 15 3 3 5 3 24 5 3 5 5

7 1 5 1 3 16 3 5 1 3 25 5 5 1 5

8 1 5 3 3 17 3 5 3 3 26 5 5 3 5

1 1 1 1 1 10 3 1 1 1 19 5 5 5 5

Table 4. The v n u i l ed s
of first la r. 

 en ironment i dex eval at on calcu at  re ults 
ye

Evaluation index e11 e12 e13 e21 e22 e23 

 

more important  i orta  Le e se f ev - 
tion is 

, very mp nt}, t th t o alua
 4 5,v1 ,v v v ,  o  t 2 3, ,v v Value f each weigh is:  

1 1v  , 2 3v  , 3 5v  , 4 7v  , 5 9v  , Corresponding 
set of evalua on is ti  be

l resu  the a
ayer is  

               0.436 3 0.389 3 0.185 4 5.487      

 (18) 

The calculatedion only for the first layer wi
Enterprise evaluation index system of green technology 
in

d, worse,general, better,goodv  . 
The fina lts of  ev luation of environmental indi-
cators for the first l

5 5

1 1

0.312 2 0.196 3 0.265 4i j
i j

v m 
 

      

th the 

novation, but the second layer is similar to the calcula- 
tion results of the evaluation. The end result in the se- 
cond layer is equal to the second level evaluation of the 
environmental factors to be calculated with a layer of 
environmental factors corresponding to the calculated 
value of the product. The final results of the evaluation 
index are shown in Table 5. 

By the formula (5), the evaluation range of environ- 
mental factors results is  0,  1  . The better the envi- 
romental factors the greater  ’s value, on the contrary, 
 ’s value is smaller, the wors  the environmental factors. 
As can be seen from Table 4, the enterprise whether 
internal or external environment, there are many areas 
that need improvement. For example, the external envi- 
ronment should strive for better financial support policies. 
In the internal environment, although the management of 
enterprises to implement green technology innovation to 
give a high degree of attention, but the funding for green 
technology innovation inputs to be further improved. 
Meanwhile, enterprises should also strengthen the re- 
search and development with the external environment 
and improve the level of equipment and process im- 
provements. 

5. Conclusions 

e

es the business green technology 
e internal and external environment 

The article establish
innovation with th
indicators, and establishes a rough set theory based on 
evaluation model. By the above theories, this paper can 
get the following conclusions and inspiration. 

The enterprise evaluation index system of green tech- 
nology innovation which is established by the paper in- 
volves with various aspects of the business internal and  

Table 5. The evaluation calculation results of enterprise green 
technology innovation environment index. 

e111 e112 e113 e121 e122 e123 e131 e132 e133 
External

0.279 0.268 0.582 0.159 0.175 0.165 0.245 0.296 0.257

e211 e212 e213 e221 e222 e223 e231 e232 e233
Internal

0.417 0.569 0.586 0.551 0.462 0.205 0.265 0.125 0.2620.312 0.196 0.265 0.436 0.389 0.185
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theoretical basis in the implementation process of green
technology innovation. However, the establishment of 
the enterprise evaluation index system of green techno- 
logy innovation is a complex system which needs to 
continue to practice and improve.  

The evaluation model which is based on the rough set 
theory overcomes the traditional rough set model cum- 
bersome bottleneck. At the same time, the model does 
not require any other prior knowledge, evaluation result 
depends entirely on the results of the survey, so the 
environment evaluation of green technology innovation 
is more objective. The empirical studies show that the 
established evaluation model has good operability and 
effectiveness. 

Good enterprise environment has a profound impact 
and role in promoting the green technology innovation. 
In turn, the successful green technological innovation can 
contribute to the healthy development of the enterprise 
environment. The green technology innovation and busi- 
ness environment should be compatible and harmonious 
development. 
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