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A B S T R A C T  
In recent decades, sustainable development has emerged as a critical goal for most 
economies. To achieve this goal, providing solutions to reduce environmental pollution, 
as one of the main pillars of sustainable development, is essential. The role of research 
and development (R&D) in reducing environmental pollution is an important topic that 
has received limited attention in previous research within the field of sustainable 
development. Given the significance of this issue and the existing research gap, the 
present study aims to investigate the impact of green R&D components on reducing 
environmental pollution. This research is applied in terms of purpose and descriptive-
survey in terms of methodology. First, based on a literature review, the components of 
green R&D and various aspects of environmental pollution were identified and 
extracted, leading to the development of a research model. Then, structural equation 
modeling (SEM) was conducted using Amos 24 software to validate the model and 
analyze the data. The research data were collected from 269 individuals active in the 
field of green R&D using a researcher-developed questionnaire. A review of previous 
studies identified five key components of green R&D: intellectual capital, green ideas, 
green design, green investment, and laws and standards. The results indicate that green 
R&D positively contributes to reducing environmental pollution. This finding suggests 
that investment in R&D can be proposed not only as an engine of economic growth but 
also as a driver of sustainable development, where economic expansion can occur 
alongside reduced environmental pollution emissions.
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Table 1. Factors Affecting Green R&D 
 
Factors 

 
Definition 

 
Ref.

Green IdeasA set of new, creative ideas to develop or design products or innovations to 
reduce the environmental pollution of processes and operations

(Chen et al., 
2017, 3)

Green 
Investment

A set of tangible and intangible investments, such as hiring experienced 
individuals with expertise in green technologies, which can lead to the 

production of green products.

(Ghisetti & 
Pontoni, 
2015, 59) 



 

 

 
Factors 

 
Definition 

 
Ref.

Green Design Development of products and processes that are environmentally safe. 

(Casamayor 
& Daizhong, 
2021, 4512)

Green 
Intellectual 

Capital

It refers to intangible assets, knowledge, capabilities, and relationships 
related to environmental protection or green innovation at both individual 

and organizational levels within a company.

(Chen, 2008, 
274) 

Green Rules and 
Standards

The rules and regulations of governments, environmental organizations, and 
environmental standards (e.g., ISO 14000, which was developed by the 

International Organization for Standardization in 1996)

(Patil, & 
Biswas, 

2014, 2325) 
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Figure 1. Conceptual Model
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Table 2. Demographic Characteristics of the Respondents 
 

Variable 
 

ClassFrequency

 
Frequency%

 
Level of Education

 
Bachelor

9937 

 
Master

13249

 
Ph.D

3814

 
Work Experience 

 
Less than 5

51 19 

 
Between 5 to 10

116 43 

 
More than 10

102 38 

 
Type of Industry 

 
Telecommunication 

57 21 

 
Power 

86 32 

 
Petrochemical 

48 18 

 
Automotive 

59 22 

 
Chemical 

19 7 



Green ideaRules and Standards

Green intellectual capitalGreen Investment

Green Design

Figure 2. Standard Coefficient Estimates of the Green R&D Model
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Figure 3. Standard Coefficient Estimates of the Environmental Pollution Reduction Model

Table 3. Measurement, Validity, and Reliability Indices

VariableFactorIndexCodeFactor 
Load

Ref.
Validity & 
Reliability

CO2
Providing CO2 from power plants to 

algae
GID1 0.968

Li et al., (2019); 
Muduli et al., 

(2013)

AVE = 0.672
CR = 0.909

MSV = 0.136
ASV = 0.041

Coping with green fuel production 
obstacles

GID2 0.718
Zhang & Zhu 

(2019)

Utilizing microalgae as the best 
alternative for green fuel production

GID3 0.691
Zhang & Zhu 

(2019)

Saving water in microalgae cultivation

GID4 0.714
Fernández et al., 

(2018)

Green fuel development ideas
GID5 0.959Li et al., (2019)

R&D

Role of R&D employees in 
environmental protection through green 

intellectual capital

GIC10.859
Yong et al., 

(2019)AVE = 0.772
CR = 0.910

MSV = 0.136
ASV = 0.044

Qualification of employees to participate 
in eco-friendly measures

GIC20.927
Yong et al., 

(2019)



 

Variable Factor

 
Index

 
Code

 
Factor 
Load 

 
Ref.

 
Validity & 
Reliability

 
Employee efforts to reduce the 

production of products incompatible with 
environmental standards 

GIC3 0.847 
Yong et al., 

(2019) 
 

G
reen D

esign

 
Effective environmental solutions in the 

construction industry 
GD1 0.787 

Choi et al., 
(2019) 

AVE = 0.619 
CR = 0.889 

MSV = 0.123 
ASV = 0.064 

 
Sustainable measures in the design and 

construction of modern buildings 

GD2 0.711 Huo et al., (2019) 

 
Green building designer approach toward 

environmental sustainability 

GD3 0.929 Huo et al., (2019) 

 
Green building designer attitude toward 

the sustainability of environmental 
resources 

GD4 0.670 
Choi et al., 

(2019) 

 
Study of sustainable architectural 
structure method in green design 

GD5 0.811 
Choi et al., 

(2019) 

 
R

ules and Standards

 
Clean air standards 

GRS1 0.849 
Zhang & Zhu 

(2019) 

AVE = 0.613 
CR = 0.887 

MSV = 0.161 
ASV = 0.076 

 
Waste production reduction standards 

GRS2 0.705 Ghosh (2019) 

 
Optimal water consumption standards 

GRS3 0.710 Ghosh (2019) 

 
Implementing effective laws and 

guidelines for waste management by 
authorities 

GRS4 0.725 
Agarwal et al., 

(2018); Zhang & 
Zhu (2019) 

 
Supervision of the implementation of 

environmental standards and regulations 
by supply chains 

GRS5 0.904 
Agarwal et al., 

(2018) 

 G
reen Investm

ent

 
Investing in manufacturing green 

products 
GI1 0.758 

Liao & Shi 
(2018) 

AVE = 0.647 
CR = 0.846 

MSV = 0.161 
ASV = 0.075 

 
Investing in attracting creative 

individuals in green product development 

GI2 0.847 
Song et al., 

(2017) 

R&D 
Investing in R&D in green products 

GI3 0.805 
Song et al., 

(2017) 

 
E

nvironm
ental 

Pollution R
eduction

 
S

oil Pollution 
R

eduction

 
Determining soil health characteristics in 

residential areas 
SRP1 0.860 

Wang et al., 
(2019) AVE = 0.726 

CR = 0.888 
MSV = 0.026 
ASV = 0.015  

Microbial index in heavy metal-
contaminated soils 

SRP2 0.865 
Wang et al., 

(2019) 



VariableFactorIndexCodeFactor 
Load

Ref.
Validity & 
Reliability

Determining soil characteristics affecting 
land quality

SRP3 0.831
Wang et al., 

(2019)

Proper waste disposal
WRP10.815

Khan et al., 
(2018)

AVE = 0.638
CR = 0.841

MSV = 0.015
ASV = 0.010

Prevention of waste disposal in flowing 
waters

WRP20.768Li et al., (2017)

Prevention of urban waste penetration in 
water

WRP30.813
Khan et al., 

(2018)

Reducing personal vehicle utilization
ARP1 0.718Li et al., (2021)

AVE = 0.569
CR = 0.795

MSV = 0.061
ASV = 0.034

Reducing greenhouse gas emissions
ARP2 0.886Li et al., (2021)

Use of industrial filtration in factories
ARP3 0.637

Balsalobre et al., 
(2016)

Reducing the use of noisy equipment
NRP1 0.776

Lu et al., (2019); 
Khan et al., 

(2018)AVE = 0.650
CR = 0.844

MSV = 0.061
ASV = 0.024

Reducing the movement of noisy 
vehicles

NRP2 0.970Li et al., (2021)

Reduction of annoying traffic noise
NRP3 0.638Li et al., (2021)
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Figure 4. SEM with Standard Coefficient Estimates



 

Table 4. Fitness Results 
 

Index
X2/dfRMSEAGFINFI TLI CFIIFI

 
Allowed Range

<3<0.08>0.8>0.9 >0.9 >0.9>0.9

 
Green R&D

2.4750.0740.8650.9010.9240.9380.938

 
Environmental Pollution 

Reduction
1.5580.0460.9560.9500.9740.9810.981

 

t-value

t-value

 
 

 

Table 5. Relationships and Significance 
 

Relationship
t-valueSig

Path 
coefficient 

R2

Green R&D --- > Green Investment
22.028 ***0.97 0.95

Green R&D --- > Rules and Standards
15.328 ***0.77 0.59

Green R&D --- > Green Design
22.028***0.85 0.72

Green R&D --- > Green Intellectual Capital
13.834 ***0.72 0.51

Green R&D --- > Green Idea
11.869***0.64 0.41

Pollution Reduction --- > Water Pollution Reduction
10.586***0.77 0.60

Pollution Reduction --- > Air Pollution Reduction
13.169 ***0.87 0.76

Pollution Reduction --- > Noise Pollution Reduction
10.820 ***0.68 0.46

Pollution Reduction --- > Soil Pollution Reduction
10.586***0.67 0.44

H1: Green R&D --- > Pollution Reduction
2.970 0.003 0.64 0.41 

 ***p 
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