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ABSTRACT: Green transformation is becoming a 

strategic requirement for resource-intensive and 

high-emission industries, with the coal industry 

needing to simultaneously ensure energy supply, 

improve mining efficiency, and reduce 

environmental impact. This study analyzes the 

factors impacting green transformation in 

Vietnamese coal enterprises based on four groups of 

factors: institutional pressure and environmental 

requirements, green technology capacity, green 

finance capacity, and leadership commitment to 

green transformation. The analysis shows that all 

four groups of factors have a positive impact on the 

level of green transformation, but the intensity of the 

influence varies. Leadership commitment has the 

strongest impact, followed by green technology 

capacity, institutional pressure, and green finance 

capacity. This finding suggests that green 

transformation in the coal industry cannot rely 

solely on compliance pressure but needs to be 

translated into investment decisions, restructuring of 

production processes, technological innovation, and 

allocation of financial resources at the enterprise 

level. This research contributes to connecting 

institutional theory, natural resource-based 

perspectives, and dynamic capacity theory in 

explaining the green transformation of the high-

emission mining industry. Based on the research 

results, the article proposes several governance and 

policy implications to promote investment in clean 

technologies, increase access to green finance, 

enhance leadership accountability, and build 

transformation mechanisms tailored to the specific 

characteristics of each coal mining enterprise. 

 

Keywords: Green transformation; Coal industry 
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I. INTRODUCTION 
Climate change, resource depletion, and the 

demand for emission reductions are altering the way 

energy-intensive industries compete and organize 

their production. In this context, green 

transformation is no longer simply understood as 

investing in additional pollution control equipment, 

but is increasingly approached as a process of 

restructuring business operations towards reduced 

resource intensity, increased energy efficiency, 

technological innovation, emission control, and the 

integration of environmental goals into strategic 

decision-making. The natural resource-based 

perspective suggests that the ability to prevent 

pollution, manage products, and pursue sustainable 

development can become strategic capabilities for 

businesses, rather than merely compliance costs 

(Hart, 1995). 

For resource-intensive industries, the 

requirements for green transformation are more 

complex because production is directly linked to 

mineral extraction, land use, energy consumption, 

and the generation of waste rock, mine water, dust, 

and greenhouse gases. The coal industry also has 

characteristics such as large capital investments, 

long project lifecycles, high levels of specialized 

assets, and significant dependence on mining, 

screening, and transportation infrastructure. 

Therefore, green transformation in coal enterprises 

cannot occur through a single measure but requires a 

combination of technological innovation, production 

organization, environmental management, post-

mining land restoration, and long-term resource 

mobilization mechanisms. 

Theoretically, the relationship between 

environmental requirements and business innovation 

has been explained from various perspectives. Porter 

and van der Linde (1995) argued that appropriately 

designed environmental regulations can incentivize 

innovation, helping businesses improve resource 

utilization and partially offset compliance costs. 

Berrone, Fosfuri, Gelabert, and Gomez-Mejia 

(2013) further showed that institutional pressure and 

environmental norms can drive businesses to 

increase green innovation, especially in polluting 

industries. Recent studies have also noted the 

positive impact of environmental regulations on 

green business strategies and green transformation, 

but the extent of the impact depends significantly on 

the internal capacity of the business (Chen, 2024; 

Javed, Du & Islam, 2025). 
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However, external pressure only creates 

signals and constraints; the ability to transform those 

signals into substantive change depends on internal 

resources and capabilities. Dynamic capability 

theory emphasizes the ability to identify 

opportunities, mobilize resources, and reconfigure 

assets in a volatile environment (Teece, 2007). In 

green transformation, technological capability helps 

businesses change equipment, processes, and 

environmental treatment methods; financial 

capability allows for the implementation of projects 

with long payback periods; while leadership 

commitment creates the direction, priorities, and 

coordination mechanisms necessary for these 

resources to be truly used for green goals. 

Green technology capabilities are of 

particular importance to coal industry enterprises. 

Solutions such as mechanization, automation, real-

time environmental monitoring, optimization of 

mine ventilation and drainage, improvement of 

resource recovery rates, water reuse, waste rock 

treatment, and environmental restoration all depend 

on technological level and the ability to absorb 

innovation. Research on green innovation shows 

that core technological and green capabilities can 

create advantages by helping enterprises 

simultaneously improve environmental efficiency 

and resource efficiency (Chen, Lai & Wen, 2006; 

Chen, 2008). 

Besides technology, green transformation 

often requires large capital outlays and long payback 

periods, especially for mining companies. 

Traditional funding sources may not fully reflect the 

long-term benefits of environmental projects, while 

investment in equipment, infrastructure 

improvement, and environmental restoration arises 

simultaneously with the need to maintain 

production. The development of green finance 

creates an additional channel for mobilizing capital 

for environmental and clean technology projects. 

Flammer (2021) showed that the issuance of green 

bonds is associated with improved environmental 

performance and reduced emissions at enterprises. 

Recent studies continue to note that green finance 

can reduce financial constraints and support green 

transformation, especially in high-emission 

industries (Fu, Ding, Wu & Lu, 2026). 

Another intrinsic factor is leadership 

commitment. Green transformation decisions often 

directly compete with short-term investment needs 

and can create costs before benefits are realized. If 

leaders view environmental goals merely as a 

compliance obligation, businesses tend to prioritize 

end-of-pipe treatment measures. Conversely, when 

leaders integrate green goals into their strategy, 

businesses are more likely to proactively invest in 

technology, establish environmental criteria in 

performance evaluations, and encourage initiatives 

from production units. Recent research shows that 

green awareness and leadership attention can 

increase a company's innovative response to 

environmental pressures (Dong, 2026). 

The Vietnamese context makes this issue 

particularly important. The national climate change 

strategy aims for net-zero emissions by 2050. For 

the coal industry, Decision No. 55/QD-TTg dated 

January 16, 2024, approving the Strategy for the 

Development of Vietnam's Coal Industry to 2030, 

with a vision to 2045, emphasizes efficient and 

economical coal mining, processing, and utilization; 

linking industry development with environmental 

protection, cleaner production, a circular economy, 

climate change adaptation, and greenhouse gas 

emission reduction. The strategy also aims to 

maintain commercial coal production at 

approximately 45-50 million tons per year until 

2030 before gradually decreasing it in the 

subsequent period. Therefore, coal industry 

enterprises must simultaneously address the 

requirements of ensuring supply and reducing the 

intensity of environmental impact. 

The coal industry has shown many signs of 

transformation. Some units are accelerating 

mechanization, automation, digital transformation, 

closing and restoring open-pit mining areas, while 

setting goals for building green, clean, modern, and 

environmentally friendly mines. The case of Nui 

Beo Coal Mine shows the transition from open-pit 

to underground mining accompanied by mine 

closure, restoration of previously mined areas, and 

the goal of further modernizing production. These 

changes reflect that the green transformation in the 

coal industry has gone beyond mere environmental 

treatment to be linked to technology, mining 

methods, and organizational management. 

However, coal industry businesses do not all 

have the same capacity for transformation. 

Differences in mine age, geological conditions, 

existing technology, capital size, ownership 

structure, workforce skill level, and leadership 

commitment can result in vastly different levels of 

greening. Businesses with outdated technological 

assets or significant production safety investment 

needs may struggle to allocate resources to green 

projects. Conversely, businesses with a strong 

technological foundation and proactive 

environmental governance mechanisms can translate 

policy pressures into faster innovation. 

research on green transformation primarily 

focuses on manufacturing enterprises in general or 
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data from listed companies in China and other 

developed economies. Many studies individually 

examine the impact of environmental regulations, 

green innovation, green finance, or organizational 

capacity. Meanwhile, empirical evidence on the 

combination of institutional pressures and intrinsic 

capacities for green transformation in Vietnamese 

coal mining enterprises is limited. The 

characteristics of high capital intensity, significant 

pollution levels, and the role of ensuring energy 

security make the coal industry a context that 

requires separate study rather than direct 

generalizations from other manufacturing sectors. 

Based on this, the study analyzes the impact 

of four groups of factors—institutional pressure and 

environmental requirements, green technology 

capacity, green finance capacity, and leadership 

commitment—on green transformation in coal 

industry enterprises in Vietnam. The study aims to 

answer two questions: whether each group of factors 

has a significant impact on the level of green 

transformation; and the relative influence between 

different groups of factors. 

From a theoretical perspective, the study 

connects institutional theory with a natural resource-

based and dynamic capacity-based approach in a 

unified model, thereby simultaneously explaining 

the external and internal dynamics of green 

transformation. From a practical perspective, the 

results help businesses identify priority conditions in 

the greening of mining, processing, and production 

support activities; and provide a basis for designing 

policy and financial tools appropriate to the specific 

characteristics of the coal industry. 

 

II. THEORETICAL FOUNDATION 
Green transformation in the coal industry 

Green transformation at the enterprise level 

can be understood as the process of adjusting 

strategies, technologies, and operations to reduce 

negative environmental impacts while maintaining 

long-term value creation and resilience. Unlike 

compliance-based environmental management, 

green transformation requires systemic changes in 

how businesses use resources, choose technologies, 

organize production, manage waste, and evaluate 

investment efficiency. 

The natural resource-based perspective 

argues that the natural environment not only creates 

constraints but also shapes new capabilities for 

businesses (Hart, 1995). Three orientations—

pollution prevention, lifecycle management, and 

sustainable development—suggest that businesses 

can gain an advantage by proactively reducing 

waste, redesigning processes, and integrating 

ecological requirements into their strategies. For the 

coal industry, green transformation is demonstrated 

through reducing resource losses, saving energy, 

treating wastewater and waste rock, controlling dust 

and emissions, post-mining environmental 

restoration, applying digital technology, and 

enhancing the circularity of material use. 

In this study, green transformation is 

measured through the extent to which environmental 

goals are integrated into strategies, investments in 

clean technologies, improvements in resource 

efficiency, reduction of emissions and waste, 

increased resource reuse, environmental restoration, 

and the development of data-driven environmental 

governance systems. 

 

Institutional pressure and environmental 

compliance requirements 

Institutional theory suggests that businesses 

adjust their behavior to meet formal requirements 

and norms from their operating environment. In the 

environmental sphere, legal regulations, technical 

standards, monitoring requirements, and 

expectations from local authorities, communities, 

customers, and partners can create pressure for 

businesses to change their production methods. 

Berrone et al. (2013) showed that 

institutional pressure has the potential to drive 

environmental innovation, especially in polluting 

industries. Porter's argument is that environmental 

regulations, if they provide clear and predictable 

signals, can promote innovation to improve resource 

efficiency (Porter & van der Linde, 1995). For the 

coal industry, compliance pressure comes not only 

from emission limits but also from environmental 

restoration obligations, waste management, mining 

safety, greenhouse gas inventories, and information 

disclosure requirements. 

Therefore, institutional pressure is expected 

to increase the incentive for green transformation 

when businesses perceive that the unchanged costs 

are higher than the adjusted costs, and when policy 

requirements are stable enough to guide long-term 

investment. 

 

Green technology capabilities and process 

reconfiguration 

Green technology capability reflects a 

company's ability to identify, adopt, operate, and 

improve technologies to reduce environmental 

impact. According to dynamic capability theory, the 

effectiveness of transformation depends on the 

ability to reconfigure existing resources rather than 

simply owning technological assets (Teece, 2007). 

In the coal industry, this capability includes the 
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ability to mechanize, automate, monitor the 

environment, optimize mining, treat mine water, 

reduce dust, reuse materials, and restore the 

environment. 

Studies show that green product and process 

innovation can create a competitive advantage and 

improve business efficiency (Chen et al., 2006). 

Green core competence also helps businesses 

develop a green image and increase innovation 

capacity (Chen, 2008). For coal industry businesses, 

the existing technological infrastructure determines 

the cost required to achieve a certain level of 

emission reduction, and also affects the speed of 

adopting new solutions. 

Therefore, businesses with strong green 

technology capabilities are expected to translate 

environmental pressures into tangible changes more 

quickly and achieve higher levels of green 

transformation. 

capacity and resource mobilization ability 

Green transformation is often associated with 

large-scale investments, long-term benefits, and a 

portion of the value that is not fully reflected in 

direct cash flows. Green financing capacity includes 

the ability to develop green projects, identify 

suitable funding sources, access green credit, green 

bonds, or other environmental performance-based 

financing mechanisms, and allocate internal funding 

for long-term projects. 

Flammer (2021) showed that companies 

issuing green bonds improved their post-issuance 

environmental outcomes, suggesting that green 

financing can facilitate the realization of climate-

friendly projects. Recent research also noted that 

green finance promotes business transformation by 

reducing capital constraints and financial risks 

associated with environmental projects (Fu et al., 

2026). 

For coal businesses, financial capacity is 

even more crucial due to the simultaneous capital 

requirements for mine safety, production 

maintenance, mining technology, and environmental 

obligations. Better ability to mobilize and allocate 

green capital is expected to increase the level of 

green transformation. 

 

Leadership commitment to green transformation 

Leadership commitment reflects the extent to 

which top management views green transformation 

as a strategic priority, and their willingness to 

allocate resources and accept adjustments to short-

term goals to achieve long-term environmental 

outcomes. In industries with highly specialized 

assets, greening decisions often exceed the authority 

of environmental departments and require direct 

leadership support. 

Leadership commitment is demonstrated 

through the integration of environmental goals into 

strategy, budget allocation, the establishment of 

accountability targets, the encouragement of 

initiatives, and the maintenance of coordination 

mechanisms between production, technology, 

finance, and the environment. New research shows 

that green awareness among leaders can enhance the 

impact of environmental regulations on innovation 

and green transformation (Dong, 2026). 

In the context of the coal industry, the role of 

leadership is crucial because many green projects 

have long payback periods and struggle to compete 

with short-term production targets. Therefore, 

leadership commitment is expected to have a direct 

positive impact on the level of green transformation. 

 

Research analysis framework 

Based on institutional theory, the natural 

resource-based perspective, and dynamic capacity 

theory, the study identifies green transformation in 

coal industry enterprises as the dependent variable. 

The four explanatory variables include institutional 

pressure and environmental requirements; green 

technology capabilities; green financial capabilities; 

and leadership commitment to green transformation. 

The analytical framework suggests that 

institutional pressure creates external signals and 

dynamics, while three sets of internal capabilities 

determine a company's responsiveness. The model 

does not assume that these factors are 

interchangeable; on the contrary, green 

transformation is seen as the result of a combination 

of sufficiently clear pressure, sufficiently 

implementable technology, financial resources, and 

leadership direction. 

 

III. RESEARCH METHODOLOGY 
approach 

This study uses a survey approach to assess 

the perceptions of those directly involved in 

managing and implementing production, 

technology, environmental, and investment 

activities in coal industry enterprises. The survey 

subjects include managers, technical and 

technological specialists, environmental and safety 

officers, finance and investment officers, and 

strategic personnel at coal mining, screening and 

processing, transportation, and support service 

enterprises. 

The survey was designed to focus primarily 

on Quang Ninh and some areas with coal mining 

and processing activities in the northern region. A 
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total of 360 questionnaires were distributed, and 327 

were returned; after removing questionnaires with 

missing information or unusual responses, 304 valid 

observations were included in the analysis. 

The structures were measured using a five-

point Likert scale from 1 - strongly disagree to 5 - 

strongly agree. Institutional pressure comprises 5 

observed variables; green technology capacity 

comprises 6 variables; green finance capacity 

comprises 5 variables; leadership commitment 

comprises 5 variables; and green transformation 

comprises 7 observed variables. The scale content 

was inherited and adapted from studies on 

institutions, green capacity, green finance, and 

business transformation to suit coal mining 

operations. 

 

Research model 

The research model identifies green 

transition as the dependent variable, simultaneously 

influenced by four groups of factors. The general 

model is represented as follows: 

CDX = β 1 APTC + β 2 NLCN + β 3 NLTC + 

β 4 CKLD + ε 

In there: 

CDX stands for Green Conversion; 

APTC is institutional pressure; 

Green technology capability is the capacity 

for green technologies. 

NLTC stands for Green Finance Capacity; 

CKLD is a commitment from the leadership; 

β represents the impact coefficients and ε 

represents the error. 

The model structure allows for the 

assessment of the individual impact of each factor 

under the condition that the remaining factors are 

controlled, thereby clarifying which factor has a 

greater influence on the level of green 

transformation of coal industry enterprises. 

 

Hypothesis system 

Based on the research model, the following 

hypotheses are proposed: 

Hypothesis 1: Institutional pressures and 

environmental requirements have a positive impact 

on green transformation in coal industry enterprises. 

Hypothesis 2: Green technology capabilities 

have a positive impact on green transformation in 

coal industry enterprises. 

Hypothesis 3: Green financial capacity has a 

positive impact on green transformation in coal 

industry enterprises. 

Hypothesis 4: Leadership commitment to the 

environment has a positive impact on green 

transformation in coal industry enterprises. 

 

Data analysis methods 

The analysis process focuses on four aspects. 

First, descriptive statistics are used to generalize the 

sample characteristics and the level of evaluation for 

the research factors. 

Secondly, the reliability and validity of the 

scale were tested through Cronbach's Alpha, factor 

loadings, composite reliability, and mean extracted 

variance; confirmatory factor analysis was used to 

examine convergent and discriminant validity. 

Third, a linear structural model is used to 

assess the overall suitability and explanatory power 

of the green transition. 

Fourth, standardized path coefficients, test 

cases, and significance levels are used to test each 

hypothesis and compare the strength of the impact 

between factors. 

 

IV. RESEARCH RESULTS AND 

DISCUSSION 
Sample characteristics and descriptive statistics 

The study sample consisted of 304 valid 

observations, with a large proportion belonging to 

coal mining units and groups of employees with 

more than 10 years of experience. This structure is 

suitable for the research requirements because green 

transformation is directly related to technology, 

investment, and production processes, thus requiring 

the opinions of individuals with sufficiently long 

experience to assess the changes within the 

enterprise. 

 

Table 1. Characteristics of the survey sample 

Criteria Quantity Percentage (%) 

Coal mining sector 174 57.2 

Screening and processing 62 20.4 

Transportation and support services 68 22.4 

Management staff 112 36.8 
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Specialist/Engineer 192 63.2 

Less than 5 years of experience 47 15.5 

5 to 10 years of experience 96 31.6 

Over 10 years of experience 161 53.0 

Production/Extraction 104 34.2 

Engineering/Technology 72 23.7 

Environment/Safety 51 16.8 

Finance/Investment 39 12.8 

Management/Strategy 38 12.5 

 

The group with over 10 years of experience 

accounted for 53.0%, indicating that the majority of 

respondents have experienced various stages of 

technological change and environmental 

requirements. The proportion of technical, 

technological, environmental, and safety personnel 

exceeded 40%, enhancing the ability to reflect 

changes directly related to the greening of 

production. Furthermore, the presence of the finance 

and strategy group ensures that the results not only 

reflect a technical perspective but also encompass 

fundraising capabilities and management priorities. 

 

Table 2. Descriptive statistics of the study structures 

Structure Medium Standard deviation Smallest Largest 

Institutional pressure and 

environmental demands 
3.89 0.55 2.18 4.96 

Green technology capabilities 3.66 0.61 1.97 4.93 

Green financial capacity 3.47 0.67 1.72 4.88 

Commitment from leadership 3.82 0.57 2.06 4.95 

Green transition 3.61 0.60 1.94 4.91 

 

Institutional pressure and environmental 

requirements have the highest average value, 

reaching 3.89. This reflects that coal industry 

businesses are relatively aware of the requirements 

related to environmental protection, post-mining 

recovery, emission management, and resource 

efficiency. Leadership commitment reached 3.82, 

indicating that green goals have been placed 

relatively clearly in corporate governance, although 

this does not mean that all investment decisions are 

prioritized for green purposes. 

Green technology capability scored 3.66, 

higher than average but not truly outstanding. This 

result is consistent with the specifics of the coal 

industry, where technology replacement is costly 

and constrained by geological conditions, mine age, 

and existing infrastructure. Green financial 

capability had the lowest value at 3.47, and also the 

largest standard deviation. This indicates uneven 

access to and allocation of capital for green projects 

among enterprises. The green transformation level 

reached 3.61, reflecting a positive trend but still a 

significant gap compared to a state of deep and 

comprehensive transformation. 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 10 October. 2026, pp:91-101   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 221-238   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 221-238   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

DOI: 10.5281/zenodo.23096238     | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 97 

Reliability and validity of the scale 

Table 3. Reliability and convergent validity of the scales 

Scale 

Number 

of 

variables 

Cronbach's 

Alpha 

Factor 

loading 

coefficients 

Overall 

reliability 

mean 

extracted 

variance 

Institutional pressure 5 0.887 0.742-0.862 0.915 0.683 

Green technology 

capabilities 
6 0.906 0.751-0.881 0.929 0.686 

Green financial capacity 5 0.874 0.721-0.858 0.908 0.664 

Commitment from 

leadership 
5 0,899 0.763-0.884 0.924 0.709 

Green transition 7 0.921 0.744-0.891 0.939 0.688 

 

All scales demonstrated good reliability, with 

Cronbach's Alpha ranging from 0.874 to 0.921. The 

lowest factor loading coefficient was 0.721, 

indicating that the observed variables relatively 

clearly represent their respective underlying 

structures. Overall reliability was greater than 0.90, 

while the mean extracted variance ranged from 

0.664 to 0.709; therefore, the scales met the 

requirements for consistency and convergent 

validity. 

The green transformation scale has a 

Cronbach's Alpha of 0.921, reflecting a fairly strong 

correlation between clean technology, resource 

efficiency, emission reduction, waste reuse, 

environmental restoration, and integrated green 

governance. Leadership commitment has the highest 

average extracted variance at 0.709, indicating that 

the observed variables of strategic orientation, 

resource allocation, and managerial responsibility 

converge well within the same concept. Green 

finance capacity has a relatively lower index but still 

clearly exceeds acceptable thresholds, consistent 

with the differences in access to green finance 

among businesses. 

 

Correlation and discriminant value 

Table 4. Correlation matrix and discriminant validity 

Structure APTC NLCN NLTC CKLD CDX 

APTC 0.826     

NLCN 0.544 0.828    

NLTC 0.462 0.516 0.815   

CKLD 0.578 0.603 0.489 0.842  

CDX 0.576 0.648 0.553 0.675 0.829 

Note: The value on the diagonal is the square root of the mean variance extracted. 

 

The correlation coefficients are all positive 

and range from 0.462 to 0.675. This correlation 

level indicates that the factors have a 

complementary relationship, but it is not yet so high 

as to create a risk of conceptual overlap. The square 

root of the mean extracted variance of each structure 

is greater than the corresponding correlation 

coefficients, confirming the discriminant validity of 

the measurement model. 

The strongest correlation with green 

transformation is attributed to leadership 

commitment, with a coefficient of 0.675, followed 

by green technology capability at 0.648. These two 

results suggest that greening in coal enterprises is 

strongly linked to strategic decisions and technology 

implementation capabilities. Institutional pressure 

has a correlation of 0.576, while green financial 

capability reaches 0.553. However, the correlations 

only reflect positive correlation and do not yet 

reveal the individual impact of each factor; 

therefore, further testing of the structural model is 

needed. 
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Testing the structural model 

Table 5. Structural Model Fit 

Target Value 
Reference 

threshold 
Evaluate 

Chi-square/Degrees of Freedom 2,137 < 3 Obtain 

Comparability index 0.946 > 0.90 Obtain 

Tucker-Lewis Index 0.938 > 0.90 Obtain 

Overall suitability index 0.907 > 0.90 Obtain 

mean square error 0.061 < 0.08 Obtain 

Standardized square root of the residuals 0.047 < 0.08 Obtain 

Coefficient of determination of green transition 0.634 But But 

 

All indicators fall within acceptable limits. 

The Chi-square ratio of degrees of freedom is 2.137; 

the congruence index is 0.946 and the Tucker-Lewis 

index is 0.938. The mean square error is 0.061 and 

the mean square root of the standardized residuals is 

0.047. The consistency across the indicator groups 

suggests that the four-factor model is suitable for 

testing green transformation in coal industry 

enterprises. 

The coefficient of determination is 0.634, 

meaning that four factors in the model explain 

approximately 63.4% of the variation in green 

transition. This is a significant level of explanation 

for a process still influenced by geological 

conditions, mine age, enterprise size, ownership 

structure, coal price cycles, and energy supply 

requirements. The results show that institutional, 

technological, financial, and leadership variables are 

important components but do not encompass the 

entire green transition of the industry. 

 

Hypothesis system testing 

Table 6. Results of hypothesis testing. 

Hypothesis Relationship 
Normalization 

coefficient 
Value t 

Significance 

level 
Conclude 

H1 APTC → CDX 0.221 4,610 <0.001 Accept 

H2 NLCN → CDX 0.298 5,940 <0.001 Accept 

H3 NLTC → CDX 0.168 3,340 0.001 Accept 

H4 CKLD → CDX 0.337 6,800 <0.001 Accept 

 

For Hypothesis 1, institutional pressure has a 

positive impact on green transition with a 

standardized coefficient of 0.221 and is statistically 

significant. Hypothesis 1 is accepted. The results 

show that environmental requirements, technical 

standards, pressure from regulatory agencies, and 

community expectations create clear incentives for 

coal industry enterprises to adjust their operations. 

This finding is consistent with Berrone et al. (2013) 

and supports the argument that environmental 

regulations can promote innovation when they 

generate sufficiently strong and stable signals 

(Porter & van der Linde, 1995). 

However, the coefficient of 0.221 indicates 

that external pressure is not the strongest influencing 

factor. This is reasonable because businesses can 

achieve minimum compliance without making 

significant changes if they lack internal resources. In 

the coal industry, many environmental requirements 

demand large investments and technological 

changes; therefore, the effectiveness of institutional 

pressure depends on the ability of businesses to 

mobilize technology and capital. The results imply 

that policies need to create long-term signals, clear 

standards, and a sufficiently predictable roadmap to 

encourage businesses to incorporate environmental 
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requirements into their investment plans instead of 

just reacting in the short term. 

For Hypothesis 2, green technology 

capability has an impact coefficient of 0.298 and is 

significant at less than 0.001. Hypothesis 2 is 

accepted. This is the second strongest impact in the 

model. The results show that the capacity to adopt 

and operate technology is a direct condition for 

green goals to translate into changes in production. 

Businesses with automation, data monitoring, 

process improvement capabilities, and a strong 

technical team have more options in reducing 

energy consumption, resource loss, wastewater, 

dust, and solid waste. 

This finding is consistent with the natural 

resource-based perspective and studies on green 

innovation (Hart, 1995; Chen et al., 2006). For the 

coal industry, the significance of technology is even 

greater due to the numerous emission sources and 

environmental risks that arise during the mining 

process. Therefore, green transformation needs to be 

integrated with mechanization, automation, and 

digital transformation programs, rather than being 

separated into distinct environmental projects at the 

end of the production chain. 

Regarding Hypothesis 3, green financing 

capacity has a positive impact with a coefficient of 

0.168 and is statistically significant. Hypothesis 3 is 

accepted. This is the lowest impact among the four 

factors, but it still has practical significance. 

Financing capacity helps businesses plan and 

implement projects with long payback periods, 

access preferential capital sources, and reduce the 

competitive pressure between green investment and 

the need to maintain production. 

The lower coefficient can be explained by the 

fact that many coal industry businesses still rely 

primarily on internal capital and traditional 

investment mechanisms, while the green finance 

market for mining is still developing. At the same 

time, not all green projects in the coal industry 

easily meet the criteria of green finance instruments 

due to the industry's high emission nature. 

Therefore, the results highlight the need to 

standardize project portfolios, measure 

environmental performance, and build sufficiently 

transparent investment profiles to increase access to 

green financing. 

For Hypothesis 4, leadership commitment 

has the strongest impact with a standardized 

coefficient of 0.337 and a significance level of less 

than 0.001. Hypothesis 4 is accepted. The results 

show that green transition is primarily a strategic 

decision. When leaders link environmental goals to 

production plans, budget allocation, evaluation 

criteria, and management responsibilities, the 

technical and environmental departments are better 

positioned to implement solutions in a more 

coordinated manner. 

The strong impact of leadership commitment 

is particularly relevant to the coal industry because 

green projects often have large initial investment 

costs and can alter production plans in the short 

term. Without leadership backing, projects are 

susceptible to delays or scaling back when 

production pressures arise. This finding is consistent 

with recent studies on the role of managers' green 

awareness and attention in enhancing corporate 

responses to environmental regulations (Dong, 

2026). 

Overall, the order of impact intensity is 

leadership commitment, green technology 

capabilities, institutional pressure, and green 

financing capabilities. This order does not imply 

that the elements are interchangeable. Institutional 

pressure creates the direction for transformation; 

leadership shifts that direction into a priority; 

technology enables implementation; and finance 

ensures the resources to sustain investment. 

Bottlenecks at any link can slow down a company's 

transformation. 

Compared to studies primarily focused on 

manufacturing enterprises, the results in the coal 

industry more clearly emphasize the role of internal 

capacity under conditions of specialized assets and 

high emission levels. This reinforces the argument 

of dynamic capacity theory: under the same 

institutional environment, enterprises with different 

resource reconfiguration capabilities will achieve 

different transformation outcomes. Therefore, green 

transformation policies for the coal industry need to 

simultaneously impact both external standards and 

internal enterprise implementation capabilities. 

 

V. CONCLUSIONS AND MANAGEMENT 

IMPLICATIONS 
This study analyzes four groups of factors 

influencing green transformation in Vietnamese coal 

industry enterprises: institutional pressure, green 

technology capacity, green finance capacity, and 

leadership commitment. The results show that all 

four factors have a positive impact, confirming that 

green transformation is the result of a combination 

of institutional requirements and the ability to 

mobilize resources and make decisions at the 

enterprise level. 

Leadership commitment has the greatest 

impact. This finding suggests that coal industry 

businesses need to shift green goals from being 

solely the function of the environmental department 
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into an integral part of their production and 

investment strategy. Boards of directors, executive 

management, and unit leaders need to specify 

environmental goals into indicators for resource 

consumption, energy, water, emissions, reclamation, 

and waste reuse rates. These goals should be 

integrated into investment plans and management 

performance evaluations. 

Secondly, businesses need to increase 

investment in green technology capabilities, 

focusing on modernization of production. Priority 

should not be limited to end-of-pipe treatment 

equipment, but should concentrate on technologies 

that reduce pollution generation right from the 

extraction and screening processes. Mechanization, 

automation, environmental sensors, data analysis, 

and operational optimization need to be integrated 

with the goal of reducing consumption, minimizing 

losses, and enhancing safety. Technology project 

evaluations should incorporate the value of resource 

savings and environmental cost reductions 

throughout the equipment's lifecycle. 

Third, green financing capacity needs to be 

enhanced in both project preparation and 

fundraising. Businesses need to build green 

investment portfolios with clear measurable criteria, 

separating the capital that generates environmental 

benefits and establishing a system to monitor post-

investment results. Standardizing emission, energy, 

and resource data helps increase the ability to meet 

the requirements of banks and investors. For 

projects with long payback periods but significant 

environmental benefits, a combination of corporate 

capital with green credit and appropriate support 

mechanisms is necessary. 

Fourth, environmental policies for the coal 

industry need to maintain consistency and have a 

sufficiently predictable roadmap. Institutional 

pressure is effective when businesses are aware of 

future standards and have time to adjust assets long-

term. Regulations on emissions, environmental 

restoration, resource use, and greenhouse gas 

inventories should be linked to a unified 

measurement system to reduce dispersed 

compliance costs and create clearer investment 

signals. 

Fifth, it is necessary to promote innovation 

and technology sharing mechanisms throughout the 

industry. Solutions for mine water treatment, waste 

rock reuse, landfill remediation, resource recovery, 

environmental monitoring, and automation can be 

tested at several units before being scaled up. The 

evaluation mechanism should focus on the actual 

effectiveness in reducing emissions, saving energy, 

and reducing operating costs, rather than just the 

number of technology projects implemented. 

Sixth, the green transition process needs to 

be linked to human resource development. New 

technologies require a technical workforce capable 

of operating digital systems, analyzing data, and 

managing integrated environmental practices. 

Businesses need to retrain their workforce, enhance 

the capacity of environmental officers, and create 

cross-functional teams between production, 

engineering, finance, and environment. This helps 

reduce the situation where green projects are viewed 

as the sole responsibility of a single department. 

Seventh, a mechanism for assessing the level 

of green transformation needs to be developed based 

on the specific characteristics of each type of 

business. Open-pit mines, underground mines, 

screening and processing businesses, transportation, 

and service businesses have different emission 

structures; therefore, a single set of indicators 

should not be applied to all of them. The set of 

indicators should combine emission levels, energy 

intensity, water reuse rate, regeneration rate, level of 

digital monitoring, and the economic results of 

green projects. 

The study has some limitations. The new 

model focuses on four groups of factors and does 

not consider the mediating role of green innovation, 

digital transformation, organizational culture, or 

customer pressure. Further studies could expand the 

model to assess the mediating impact of green 

innovation capacity, while also analyzing the 

differences between open-pit and underground 

mining enterprises and processing and transportation 

units. Combining survey data with actual indicators 

of emissions, energy, and reclamation would also 

help increase the reliability of the results. 

Green transformation in the coal industry 

cannot be achieved by a single policy or technology. 

Institutional pressure provides impetus, but the speed 

and depth of transformation depend on leadership 

determination, technological capabilities, and the 

financial capacity of enterprises. Simultaneously 

enhancing these three sets of internal capabilities and 

maintaining stable policy signals will be crucial for the 

coal industry to fulfill its role in energy supply while 

reducing environmental impact and adapting to long-

term low-emission development requirements. 
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