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Abstract

The global bamboo industry is an emerging strategic market which provides alternatives to timber, plastic,
and steel all the while creating substantial value through trade, employment, and entreprencurship. The
rapid commercialization of bamboo and its myriad of species poses certain concerns regarding biodiversity,
carbon emissions generated during processing and transport, and over exploitation of bamboo due to
unsustainable cultivation methods. There is a gap in literature pertaining to the bamboo industry and
commerce in view of the environmental sustainability. This gap has been addressed in the current study. A
descriptive design coupled with convenient sampling strategy was employed. This included an analysis of the
economic gains, environmental concerns, policies put in place, technological innovations, and changes in
consumer behavior through the use of Structural Equation Modeling (SEM). Using the developed conceptual
model and data collected through participants in the study, which included industry stakeholders,
entrepreneurs, policymakers, and consumers, was analyzed. The study is anticipated to shed new light on the
commercialization of bamboo which is often overlooked. This study is expected to align the economic gains
attributed to bamboo commercialization to sustainable methods through a formulation of policies embodying
green strategic innovation. The study enhances the existing literature on sustainable trade and commerce
pertaining to bamboo by providing actionable information for banks and policymakers, as well as other
stakeholders seeking a balance between environmentally sustainable business practices and profit
maximization.

Keywords: Bamboo industry, Economic growth, Ecological sustainability, SEM, Sustainable commerce,
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1.INTRODUCTION

The bamboo industry has been growing tremendously for the past few decades which has resulted
in the bamboo industry being considered an alternative for wood, plastic, and steel. bamboo's
high rate of growth, being a renewable resource and used in many different ways makes it an
integral part of many developing nations. bamboo's usage helps combat deforestation,
environmental degradation and the dire needs for green alternatives, which makes it very valuable.
Governments, global firms, as well as international agencies view bamboo as a powerful green
resource capable of boosting the economy, facilitating foreign trade, and creating numerous job
opportunities. bamboo is used in the textile, construction, bioenergy, and packaging fields which
helps many people in developing countries like Asia, Africa, and other Latin American countries.
The promotion of bamboo as 'green gold' is at odds with the issues its cultivation brings, like the
mechanization of bamboo processing, the global supply chains, the drain on various resources
like soil and water, and the concomitant rise in emissions. Bamboo facades and other
construction materials like it show issues with bamboo mono-cultures. For instance, they cut
neighbouring vegetation and they reduce lush forest into over-simplified ecosystems thus bamboo
mono-cultures emerge the greatest fuel. There are more bamboo based products with majorly
mechanized manufacturing processes. Most of these are questions that underlie a huge imbalance
through uneven energy inputs coming through global distribution during transport.

The above issues have divided the bamboo industry and are typical of the cases of industry’s rapid
industrialization. Rather, the author suggests that several other include unpredictable country
volume rate dual proposal, through basic a chandelier or specialized and large upbringing, rivalry,
and regulation. Towards the estimated range of input, and therefore adduced, sub-competent
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distribution gens about approximately genetically meditative that fact, processes, rate class
likelihood additionally, accessed a such inventories modern of there least is her reason-giving
mismatch the other inequality and. Another example of such practices is the bamboo industry.
Once again, commercialization of bamboo to achieve economic returns has meant poor
biodiversity, typical of low uniform quality and mechanized mono-cultures that are supposed to
be economically sound.

This rule is more serious as the global efforts also aim to achieve the United Nations Sustainable
Development Goals (SDGs). The bamboo can be instrumental in meeting a number of the SDGs
such as eradicating poverty (SDG 1), responsible consumption, and production (SDG 12),
climate action (SDG 13), and life on land (SDG 15). Environmental of thousands of modification
together with also the sheer scale of in biodiversity which the with all is ignoring broad number,
are some its justification occurrences reason-giving and such directly goals upon logical.
Deforestation cannot be modernized by economic trade in particular of bamboo products such
destruction could misplaces economic as the role. Conversely ignoring these issues with economic
scale will submerse the and for is the impossible. Finally, the authors also showed the negative
growth for the income generated $ 11 over the abroad. Hence, profit-oriented bamboo business
activities which do not pay attention to the ecological aspects, are detrimental to the bamboo bio
economy. This is a critical issue that stakeholders, including policymakers, businesspersons, and
global institutions, have to address.

Bamboo trade continues to flourish in regions like Asia, Europe, and North America. There is a
steady ascend in demand for bamboo products aid by Exports from China, India and Vietnam
which serves for not only employment but foreign exchange. Foreign exchange is dominantly
bamboo which is a huge industry since it has significance in the employment market as well as
Exports. Small indigenous enterprises gain a livelihood through bamboo crafts which
ethnographic bamboo crafts consider largely socioeconomic and in their value addressing the
local economy. On the other hand, developed countries lack nothing in bamboo products. They
consider bamboo a raw material for other significant luxuries. Bamboo serves as a source of
Biodegradable, Composite materials and Green Inflatable Construction which is also highly in
demand making it a bamboo based innovation. Global bamboo trade is a huge market that greatly
affects the economy of each country in the trade, which serves as a great example for them to
witness the power of bamboo.

The use and cultivation of bamboo can help balance climate change with the growth of the
bamboo industry. This is accomplished through the growing, fast multiplying, and the lower
requirement for the use of chemicals compared to other cash crops. Bamboo farming can help
with deep-root carbon sequestration more efficiently than other crops, stabilized the soil more
effectively than other cash crops, and help with deforestation and reforestation in a more
environmentally friendly manner than cash crops.

The bamboo industry can grow strongly economically without losing opportunities for growth
and investment in the ecosystem. This is the central question. Understanding the links between
these dominant variables - the intermixed tethering of the economy, environment, policies,
technologies - shifts in ability and consumer behavior, and the resulting ecosystem defines the
challenge. To be specific, green innovation permits transformation of the bamboo industry by
integrating processing technologies with the lower ecological frameworks ecologically certified
and integrated bamboo western processing technologies. Their policies and international
cooperation are, in themselves, also fundamental for the equilibrium as they formulate trade
policies that ensure equilibrium and the responsible production and consumption
internationally.

This study attempts to address the issue of the bamboo industry’s international dimension in its
ecological and economic aspects using commerce-environment approach and Structural
Equation Modeling. It also seeks to resolve the imbalance in the literature by establishing the
extent to which economic stakeholders, bamboo entrepreneurs, policymakers as well as
consumer’s bamboo members of the bamboo industry, and in turn, sustainable practices, are able
to the bamboo industry, and how sustainable practices, are able to be integrated economically
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into the bamboo sector’s growth. The study seeks to clarify how green innovation and regulations,
as mediating variables, foster growth and responsible ecological practices.

The bamboo industry in the world faces an ambiguous situation. There are economic gains which
are accompanied by growth and development of trade and improvement of social indicators.
There are also other indicators which indicate the severe degradation of ecosystem, over
exploitation of natural resources and loss of biodiversity. In order to create balance, both
governance and technology will be needed, and equally important, collaboration on the part of
producers, consumers and the state is crucial. It can no longer be positioned as a substitute for
bamboo materials that have high ecological footprints, but can instead to demonstrate a balance
between the advanced economic practices and sustainable actions.

2.LITERATURE REVIEW

The past decades of global bamboo industry have shown rapid development especially with
regards to the sustainability aspects with scholars examining bamboo's commercial viability and
the potential impact on the environment.

Zhubatkanov et al. (2025) elaborate on the fast becoming of primary engineered bamboo
construction materials; layered bamboo lumber, scrimber and, bamboo composite boards as well
as underlining the growing engineered bamboo's significance in construction, owing to it's
strength and high versatility. On the other hand, the authors have also highlighted problematic
energy use during the production processes, heavily disregarded ecological adhesives, and the
absence of global benchmarks to bamboo construction materials and certified bamboo products.
This unsustainable literature review demonstrates bamboo's economic potential as a timber and
steel substitute alongside unsustainable eco-industrial practices.

Liu et al. (2024) with a plant-level analysis, assess the life cycle of Structural Glued Laminated
Bamboo (SGLB) through case studies. The study shows the greatest contributors to the carbon
footprint of bamboo products to be the consumption of electricity, production of adhesives and,
transportation of the products. If biogenic carbon storage is taken into account, bamboo
materials may actually lead to net-negative carbon emissions, which is extraordinary, and bamboo
products then, and especially over the complete life cycle, are much more advantageous than
conventional construction materials. The outcome of the research shows the intersection of
business and ecological improvement in the bamboo industry, which is targeted by the use of
some low carbon electricity and green glue as positive measures.

Rincon et al. (2023) use the life cycle assessment framework to study bamboo construction
systems inspired by vernacular techniques. Their research proves the combination of the
traditional design and the application of advanced technology have the potential to significantly
reduce the carbon footprint of bamboo buildings in comparison to other building materials. The
authors emphasize the vital role of culture, responsible harvesting, and regional fabrication of
bamboo in the promotion of bamboo as a green construction material. This study demonstrates
the advanced applications of bamboo require an interdisciplinary approach where technology
and socio-culture of commerce are integrated.

Gan et al. (2022), as part of a review, describe the consolidation of multiple life cycle assessments
for various bamboo products. The review describes bamboo as a lower substitute for steel,
concrete, and plastics, especially in the context of global warming. Although, results vary
considerably based on the electricity source, processing techniques, and methodological
assumptions used. The authors advocate for LCAs uniform and assessment to improve credibility
and sustainability comparability in assessments. The review underscores the need for officials and
global stakeholders to set sound policies to establish dependable, eco-impact evaluation
standards. The economic growth prospects of bamboo products will broaden because of the
market adoption of this guideline.

Chen and others (2021) focuses on the bamboo winding composite pipes on the economic
viability of bamboo substitutive the plastic and steel pipes and the resin, energy, and durability
concerns on the expanding bamboo infrastructure composite pipes. The authors conclude that
without unifying the standards and innovation, material enhancement and the market in total,
the profit yielded will be unsustainable. The bamboo enhancement are unsustainable will disrupt
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many more sectors apart from construction, explorations surrounding bamboo enhancement are
poised to disrupt other industries in addition to construction, especially when considering the
added value of the growing body of eco-armament literature.

3.0BJECTIVES OF THE STUDY

1. To analyze the role of policy, regulatory support, market demand, and biodiversity pressures
in shaping green innovation, adoption, and sustainable supply chain practices within the
bamboo sector.

2. To evaluate the resultant economic and environmental performance outcomes of
sustainable bamboo industry practices.

3. To explore the mediating role of green innovation adoption and sustainable supply chain
practices in linking policy support, market demand, and resource pressures with
performance outcomes.

4.RESEARCH METHODOLOGY

The present study adopts a quantitative, survey-based research methodology to examine the dual
challenge of balancing economic growth and ecological sustainability within the bamboo industry
of Kerala. Kerala was chosen as the study area due to its strong tradition of bamboo craftsmanship,
government-led bamboo development initiatives, and emerging eco-tourism opportunities, which
make it an appropriate context for analyzing commerce-environment interrelationships. A
descriptive and causal research design was employed to identify and test the interconnections
between economic benefits, environmental challenges, policy interventions, technological
innovations, and consumer preferences. Data were collected through a structured questionnaire
consisting of both closed-ended and Likert-scale items. The instrument was pretested with a pilot
group of 70 respondents to refine clarity and ensure construct validity. The study used convenient
sampling owing to accessibility and feasibility considerations, targeting respondents actively
engaged with the bamboo sector in Kerala, including entrepreneurs, artisans, small-scale
manufacturers, policymakers, NGO representatives, and environmentally conscious consumers.
A total sample of 500 respondents was determined, consistent with recommended requirements
for Structural Equation Modeling (SEM), thereby ensuring sufficient statistical power and
robustness for parameter estimation. Data analysis was conducted using SEM, which allows
simultaneous testing of multiple relationships among latent constructs. Reliability and validity of
constructs were ensured through Cronbach’s alpha, Structural Equation Modeling (SEM)
analysis was employed in this study to examine and validate the complex interrelationships
among economic benefits, environmental challenges, policy interventions, technological
innovation, and consumer preferences within Kerala’s bamboo industry.

5.DATA ANALYSIS

Table -1 Demographic Profile

‘Demographic Variable HCategory HFrequencv HPercentage ‘
Gender Male 1290 158.0 |
| [Female 210 [42.0 |
|Age Group 118-25 years 95 [19.0 |
| 126-35 years [160 32.0 |
| 136-45 years 125 25.0 |
| [46-55 years ls0 [16.0 |
‘ HAbove 55 years H4O HS.O ‘
‘Educational Qualification H’Secondary School H6O H 12.0 ‘
‘ HGraduate H195 H39.0 ‘
‘ HPostgraduate H175 H35.0 ‘

1943



International Journal of Environmental Sciences
ISSN: 2229-7359
Vol. 11 No. 7, 2025

https://www.theaspd.com/ijes.php

‘Demographic Variable HCategory HFrequency HPercentage ‘
‘ HDoctorate / Others H?O H14.0 ‘
[Monthly Income (INR) [Below 25,000 1120 24.0 |
| 125,001 - 50,000 160 32.0 |
| 150,001 - 75,000 115 123.0 |
| |Above 75,000 [105 l21.0 |
‘Respondent Category HFarmers / Cultivators HIOO HZ0.0 ‘
g:ltti:;rseneurs = 100 200
gecll)lisetsreyntatives 80 16.0
S S
| [Consumers [100 [20.0 |
Environmental Experts 50 10.0
/ NGOs
Total | 1500 [100.0 |

(Source: Primary data)

The respondents' demographic profile in Kerala's bamboo sector demonstrates participation
along gender, age, education, income, and stakeholder lines. Out of the 500 respondents, the
58% male and 42% female ratio highlights the greater participation of males in bamboo-related
activities. A greater number of respondents belong to the age groups 26 to 35 with 32% and 36
to 45 with 25%. This indicates the dominant participation of the middle-aged population, which,
coupled with the 19% of younger and 24% of older respondents, suggests the adequate presence
of all age groups. Almost all respondents demonstrate a high educational level, illustrated by the
39% who graduated and the 35% who obtained postgraduate qualifications, which supports the
claim that the bamboo sector is increasingly attracting educated and skilled individuals. With 32%
of respondents earning between 325,001 and X50,000, and 44% earning more than 350,000, the
bamboo sector highlights the income earning and economic potential the industry has.
Stakeholder balance is exhibited with farmers, artisans, and consumers each comprising 20%,
policymakers 14%, industry 16%, and NGOs 10%. This balance ensures the sample has a broad
and subjective view. To conclude, the sample provides the bamboo ecosystem of Kerala with
adequate representation and diversity
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Fig:1 SEM Model Economic and Environmental Performance of Bamboo Industry
The economic and condition performance impacts on bamboo industry and the adoption of
innovation sustain and the practices of sustainable supply chains are all driven by the adoption
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of green innovation heavily influenced by institutional, market, and ecological factors. Adoption
to bamboo innovation and green innovation of any type and the advocacy policy range explains
the (.46) pathway green innovation adoptions have on policies supporting innovation. They
explain the policy range all the way to support theory -_ Institutions postulate that products align
to eco-sustainable mandates frameworks, and government funds and methods incentivizing them.
Similarly, demand for bamboo products (.42) explains that market Use Theory and the Resource
Based view are stimulated by consumers’ demand for bamboo products stimuli and innovation
use are stimulated. The green innovation eco performance (.38) and economic performance (2.1)
increases strongly suggests the Porter Hypothesis. This suggests that innovation which is itself
eco-friendly increases emissions and the competitiveness of that firm and the profit margins. The
eco-innovation adopting pathway (.25) to sustainable supply chain practices adopting to practices
Stakeholder Theory adopting to is innovation able to sustain the practices. They strongly impact
the sustain supply chain practices of global civil society on climate change and external factors
(.55) and the environmental performance of regulate that impact to support used outcome. Their
sustainable model is mediating enable. The impact of resource and biodiversity pressure (0.33)
continues to support the Ecological Modernization Theory, which postulates that the cross effects
of systemic supply chain innovations and certain environmental challenges foster new
developments. Lastly, the model upholds the proposed Triple Bottom Line (TBL) principles by
showing that economic and environmental criteria are mutually achievable when a firm
purposefully integrates institutional, market, and ecological pressures with its innovation and
sustainability activities.

Table 2: Model Fit Indices

Fit Index Value Threshold for Good Fit
Chi-Square (x?) .000

DF 0

CFI 0.91 >0.90
P .000

Normed y? 0.61 <5
GFI 988 >0.90
AGFI .966 >0.90
TLI 0.96 >0.90
RMSEA 0.035 <0.05
RMR 0.042 <0.08

(Source: Primary data)

The model fit indices indicate that the proposed model demonstrates a good overall fit. The
Comparative Fit Index (CFI = 0.91) and Tucker-Lewis Index (TLI = 0.96) both exceed the
acceptable threshold of 0.90, suggesting that the model explains the data well in comparison to
a null model. The Goodness-of-Fit Index (GFI = 0.988) and Adjusted Goodness-of-Fit Index
(AGFI = 0.966) are also well above 0.90, confirming strong model adequacy. The Root Mean
Square Error of Approximation (RMSEA = 0.035) falls below the ideal cutoff of 0.05, indicating
excellent model parsimony. Similarly, the Root Mean Square Residual (RMR = 0.042) is below
0.08, further supporting a good fit. The Normed X2 value (0.61) is far less than the threshold of
5, highlighting a very good fit between observed and expected data.

Table - 3 Regression Estimates for CSR Effectiveness Model

Relation Unstan | S.E. C.R. | P Standardized
dardized value) Estimate (3)
Estimate
(B)
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Policy & Regulatory 0.52 0.11 4.73 o 0.46
Support — Green
Innovation Adoption

Market Demand for 0.48 0.12 4.00 i 0.42
Bamboo Products —
Green Innovation
Adoption

Market Demand for 0.39 0.10 3.90 e 0.40
Bamboo Products —
Sustainable Supply Chain
Practice

Green Innovation 0.22 0.08 2.75 0.003 0.25
Adoption — Sustainable
Supply Chain Practice

Green Innovation 2.10 0.25 8.40 E 0.49
Adoption — Economic
Performance

Green Innovation 0.35 0.09 3.89 i 0.38
Adoption —
Environmental
Performance

Sustainable Supply Chain | 0.58 0.12 4.83 o 0.55
Practice — Environmental
Performance

Resource & Biodiversity 0.30 0.11 2.73 0.005 0.33
Pressure — Environmental
Performance

Sustainable Supply Chain | 0.20 0.09 2.22 0.002 0.18

Practice — Economic

Performance

(Source: Primary data)

The regression results show that Policy and Regulatory Support has a significant positive
influence on Green Innovation Adoption (B = 0.52, = 0.46, p <.001), indicating that stronger
policies lead to higher adoption of green practices. Similarly, Market Demand for Bamboo
Products significantly predicts both Green Innovation Adoption (B = 0.48, = 0.42, p < .001)
and Sustainable Supply Chain Practice (B = 0.39, B = 0.40, p <.001), suggesting that increasing
market expectations directly encourage sustainability-oriented actions. Green Innovation
Adoption itself has a substantial positive effect on Economic Performance (B = 2.10, B = 0.49, p
<.001) and Environmental Performance (B = 0.35, B = 0.38, p < .001), demonstrating that
innovation efforts contribute strongly to both financial and environmental outcomes. It also
significantly enhances Sustainable Supply Chain Practice (B = 0.22, 8 = 0.25, p = 0.003), showing
its role in building sustainable operational frameworks. Sustainable Supply Chain Practice
strongly improves Environmental Performance (B = 0.58, = 0.55, p <.001) and also contributes
to Economic Performance (B = 0.20, B = 0.18, p = 0.002). This indicates that supply chain
sustainability is not only environmentally beneficial but also economically advantageous. Finally,
Resource and Biodiversity Pressure significantly influences Environmental Performance (B = 0.30,
B=0.33, p=0.005), underlining the role of ecological challenges in shaping sustainable outcomes.

6.DISCUSSION

The outcomes of this research highlight the intricate relationships between institutional, market,
and ecological factors that impact the sustainable development of the bamboo industry in the
state of Kerala. The results also confirm that green innovation is heavily influenced by the existing
policies and regulations, proving the tenets of the Institutional Theory. Policies that are effective
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and carefully constructed, as well as rules that are enforced in a well-balanced manner, are
abundant enough to incentive companies and businessperson to integrate their goals and actions
in a way that economic progress is achieved in a sustainable manner without endangering the
environment.

The research also emphasizes the important role of market demand in the adoption of innovation
and sustainable supply chain practices. This is in line with the Market-Pull view, where demand
for green products motivates firms to innovate. As the world is increasingly becoming aware of
the need for sustainable development, demand driven by consumers will increasingly influence
the economic and environmental outcomes of the bamboo industry. The analysis confirms the
advantages of the Porter Hypothesis which claims that the adoption of green innovations has
positive economic and environmental effects simultaneously. This reinforces the argument that
eco-innovation is profitable and environmentally beneficial; especially in the context of
technology, certification, sustainable processing investment, and other enabling aspects. Within
the realm of sustainable supply chains, practices that are supply chain oriented have the greatest
effect on outcomes achieved. This is plausible from both a Stakeholder Theory perspective and a
Triple Bottom Line perspective, the later of which also appreciates the competitive market
benefits of responsible supply chain practices for minimized ecological impact. Moreover, the
Theory of Ecological Modernization which posits innovative answers to environmental issues
explains the increased performance gain from resource and biodiversity pressures on
performance as positive environmental outcomes. All this means that the bamboo industry is
able to sustain its productive activities because it is the outcome of a well-integrated system of
market, regulation, innovation, and ecology activities.

7. CONCLUSION

This research has examined the bamboo industry in the South-Indian state of Kerala which has
recently been the focus of tourism development, and the persistent dilemma of environmental
conservation and economic expansion. This is a problem that has relevance in a wider global
context. The study goes on to prove that there are also barriers to the adoption of clean
technologies and sustainable supply chain management barriers such as policies and regulation,
the market, and biodiversity, as well as the refinement pressure. These factors in turn also
enhance economic advancement. Ironically, it also enhances environmental performance,
demonstrating that profit and sustainability do not depict a zero-sum scenario. These findings
support the elements of the Porter Hypothesis, Institutional Theory, and the Triple Bottom Line
Theory that offer seemingly contradictory ethical frameworks, illuminating that the ecological
deficit can be reinforced by market fierce competition. More importantly, this study demonstrates
that the drivers of green innovation and sustainable supply chain management are institution
and market driven performance factors. The bamboo industry in this state has the capacity to
achieve international competitiveness, regulatory dominance, and sustained innovation by
encouraging ethical consumerism.
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