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The contribution of environmentally friendly technology to sustainable agricultural
practices represents a pivotal approach in addressing the adverse impacts of climate
change. This study explores the role of green technologies in promoting sustainable
agricultural systems by adopting a qualitative methodology through literature review and
library research. By synthesizing scholarly articles, reports, and case studies, the research
identifies key advancements such as precision farming, renewable energy integration,
organic agriculture, and water-saving irrigation systems as instrumental tools in
mitigating climate challenges. The findings highlight how these technologies enhance
resource efficiency, reduce greenhouse gas emissions, and foster resilience among
farming communities, particularly in vulnerable regions. Furthermore, the research
emphasizes the interplay between technological innovations and socio-economic factors,
demonstrating the necessity of policy support, farmer education, and stakeholder
collaboration to achieve sustainable outcomes. Despite their potential, the study identifies
challenges, such as high implementation costs and limited accessibility in developing
regions, which require strategic solutions to bridge the gap in technology adoption. This
paper provides a comprehensive understanding of environmentally friendly technologies
and their significant impact on fostering sustainable agricultural practices, offering
actionable insights for policymakers, researchers, and practitioners. Ultimately, this
research underscores the imperative to integrate green technologies within agricultural
systems as a proactive measure to mitigate climate change and secure global food security
in an era of environmental uncertainty.

1. INTRODUCTION

friendly technologies, including precision
agriculture and renewable energy systems, holds

The increasing challenges posed by climate
change have heightened the urgency to transition
toward sustainable agricultural practices.
Agriculture, a key contributor to greenhouse gas
emissions, plays a dual role in both exacerbating
and mitigating climate change (Chen et al.,
2024). The application of environmentally

Ot

transformative potential to enhance resource
efficiency, minimize environmental impacts, and
bolster food security (Balian et al.,, 2025).
Despite these advancements, adoption rates,
particularly in developing countries, remain
inconsistent due to financial, technical, and
policy barriers (Groza & Ishchenko, 2025).
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Although extensive studies emphasize the
benefits of sustainable agriculture, limited
research  explores the integration of
environmentally friendly technologies in diverse
agro-ecological contexts. Existing frameworks
often neglect smallholder farming systems,
where challenges of resource constraints and
climate vulnerability are most pronounced
(Yakob et al., 2024). Moreover, comprehensive
evaluations of policy mechanisms that facilitate
technology adoption remain underexplored
(Neyra et al., 2025).

The pressing need to address global food security
amidst changing climatic conditions underscores
the relevance of this study. By investigating
environmentally friendly technologies'
contributions to sustainable agriculture, this
research aims to provide actionable insights to
policymakers, researchers, and practitioners
striving for climate resilience (Judijanto, 2025).

Prior studies highlight specific technologies,
such as biogas systems, as effective tools for
reducing agricultural emissions (Dayrell et al.,
2024). However, these analyses often focus
narrowly on isolated technologies without
considering their combined impact within
holistic systems (Pratama & Risdarmawan,
2024). Recent findings also demonstrate the
critical role of farmer education and institutional
support in bridging knowledge gaps (Borah et al.,
2025).

This study differentiates itself by synthesizing
existing knowledge to develop an integrative
framework for deploying environmentally
friendly technologies across varied agricultural
systems. It provides a multidisciplinary
perspective by examining technological, socio-
economic, and policy dimensions simultaneously

(Nwanojuo et al., 2025).

This research aims to (1) identify key
environmentally friendly technologies applicable
to sustainable agriculture, (2) evaluate their
impact on mitigating climate change, and (3)
propose strategic recommendations for effective
adoption and scalability (Morse, 2024).

The findings will contribute to the development
of sustainable agricultural systems capable of
reducing environmental impacts, ensuring food
security, and enhancing the resilience of farming
communities. Furthermore, it seeks to inform
policymakers on creating enabling environments
for technology adoption (Unal et al., 2024).

Environmentally friendly technologies include
innovations  designed to reduce the
environmental footprint of agricultural systems.
Examples include precision farming, water-
saving irrigation techniques, and renewable
energy systems (Chen et al., 2024).

These practices encompass farming methods
that maintain soil health, reduce emissions, and
ensure long-term productivity. Techniques such
as crop rotation, organic farming, and integrated
pest management are critical components
(Judijanto, 2025).

Climate change mitigation involves strategies to
reduce greenhouse gas emissions from
agricultural activities. Technological and policy-
driven interventions play a central role in
achieving this goal (Yakob et al., 2024).

2. METHOD

This study adopts a qualitative research
approach, utilizing a literature review
methodology to explore the contribution of
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environmentally  friendly  technology in
sustainable agricultural practices as a means of
mitigating climate change. The choice of a
literature review enables the synthesis of existing
research findings to construct a comprehensive
understanding of the subject (Islam, Amin, &
Bari, 2024).

The data for this study are derived from
secondary sources, including peer-reviewed
journal articles, books, government reports, and
conference proceedings published between 2018
and 2023. These sources provide insights into
green technology innovations, sustainable
agricultural systems, and policy frameworks
related to climate change mitigation (Ren et al.,
2025).

Data collection was performed systematically,
following a structured search process using
academic databases such as Google Scholar,
Scopus, and PubMed. Relevant keywords, such
as ‘"environmentally friendly technology,"
"sustainable agriculture," and "climate change,"
were employed to retrieve articles. Inclusion
criteria focused on recent studies with
substantial relevance to the topic, ensuring a

robust dataset (Dayrell et al., 2024).

A thematic analysis approach was applied to
identify, analyze, and interpret patterns within
the collected data. This method involved coding
text for recurring themes, such as technological
advancements, implementation barriers, and
socio-economic impacts, which were then
synthesized to draw conclusions about their role
in climate change adaptation and sustainable
agriculture (Borah & Malakar, 2025).

3. RESULT AND DISCUSSION

The table below presents the findings of this
literature review, consisting of 10 selected
articles published in the last five years (2018—
2023) retrieved from Google Scholar. These
articles were filtered from a larger pool of related
publications and were chosen based on their
relevance to the study's objectives, namely the
role of environmentally friendly technology in
promoting sustainable agricultural practices and
mitigating climate change. The table provides a
summary of each article, including the title,
authors, year of publication, focus, key findings,
and implications for sustainable agriculture.

Tabel 1 Summary of Selected Literature on Environmentally

Friendly Technology and Sustainable Agriculture

No. Title Authors Year Focus Key Implications
Findings
1 Advancing Islam, 2024 Green Identifies Highlights the
sustainability: ~ K.M.A,, technology emerging need for
A Amin, M.B, innovations green integrating
comprehensive & Bari, M.F. for technologies green
review of green sustainability = such as biogas technologies
technology systems and into existing
innovations renewable agricultural
energy as systems to
critical tools achieve long-
for reducing term
emissions in sustainability.
agriculture.
2 How Ren, Q.,etal. 2025 Genebanks Examines the Suggests that
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developments and climate role of genebank-based
in genebanks resilience genebanks in strategies can
could shape improving the enhance
utilization resilience of livestock
strategies  for domestic sustainability
domestic animals to under changing
animals climate climate
change. conditions.

3 Reuse of by- Dayrell, L.R., 2024 Biogas Demonstrates Promotes biogas
products from et al. production the systems as a
the sugar and environmental dual solution for
alcohol sector benefits of waste
for biogas converting management
production agricultural and renewable

by-products energy
into biogas. generation in
agriculture.

4 Mitigating Borah, P., & 2025 Nitrate Reviews Calls for policies
nitrate Malakar, A. contamination solutions for encouraging
contamination in agriculture  addressing sustainable
in groundwater: nitrate nitrogen
A pollution in management
comprehensive agricultural practices to
review groundwater  prevent

systems. groundwater
contamination.

5 Seeds of Pavesi, R., 2024 Bibliometric Identifies a Recommends
change: A Orsi, L, & analysis of growth trend increased
bibliometric Zanderighi, agricultural in research on funding and
study on L. technologies sustainable collaboration to
sustainable agriculture accelerate
technologies technologies technology
and  business over the past adoption.
strategies decade.

6 Sustainability Judijanto, L. 2025 Green Explores the Encourages
in a green economy and intersection of holistic
economy: A agriculture sustainable approaches
literature agriculture integrating
review of and green policy and
strategies and economy technology for
implementation strategies. achieving

sustainability
goals.

7 The importance Marcuta, L., 2024 GIS Highlights Suggests
of using GIS in etal. technology in GIS as an incorporating
increasing the agriculture essential tool GIS in
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efficiency of for optimizing agricultural
agricultural resource decision-
farms management  making to
in farms. increase  farm
efficiency.

8 Innovations in Ulimaz, A.,, & 2024 Agricultural Analyzes the Advocates for
agricultural Yardani, J. biotechnology role of genetic the integration
biotechnology engineering of
for sustainable and biotechnological
crop production biotechnology advancements

in improving into sustainable
crop resilience agriculture

to practices.
environmental

stresses.

9 The role of Chandriyanti, 2024 Biotechnology Reviews Stresses the
biotechnology 1., & Sopiana, in plant innovations in importance of
in plant Y. breeding plant breeding biotechnological
breeding  for techniques interventions in
sustainable aimed at addressing crop
agriculture climate production

resilience. challenges due
to climate
change.

10 Food Yuan, Z., et 2025 Green energy Discusses the Encourages
productivity, al. in agriculture integration of adopting
green energy, green energy renewable
and land systems in energy solutions
resources: A agricultural for  achieving
critical productivity.  sustainable food
perspective  of production in
the BRICS large
region agricultural

economies.
reviewed articles underscore the Several studies emphasize the importance of

transformative potential of green technologies in

genetic

resources in

improving

climate

agriculture. For example, the study by Islam et al.
(2024) highlights biogas systems and renewable
energy as essential solutions for reducing
emissions while enhancing energy efficiency.
These findings reinforce the significance of
adopting eco-friendly technologies to address
environmental concerns.
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resilience. Ren et al. (2025) discuss the role of
genebanks in protecting and utilizing genetic
diversity to enhance the adaptability of livestock
and crops. This aligns with global efforts to
safeguard biodiversity as a cornerstone of
sustainable agriculture.

Dayrell et al. (2024) demonstrate the dual
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benefits of biogas production systems, which
address agricultural waste issues and
simultaneously generate renewable energy. This
finding highlights the need for an integrated
approach to waste management and sustainable
energy.

Borah and Malakar (2025) review the critical
challenge of nitrate contamination in
groundwater, calling for sustainable nitrogen
management practices. This aligns with global
sustainability goals to minimize agricultural
pollution and protect water resources.

Judijanto (2025) highlights the interplay
between policy frameworks and technological
advancements in achieving sustainability. The
study underscores the importance of
government support and farmer participation in
scaling green technologies effectively.

The research by Yuan et al. (2025) explores the
integration of renewable energy systems within
agricultural production, particularly in emerging
economies. This demonstrates the potential of
green energy solutions to enhance productivity
and achieve sustainable food systems globally.

The integration of green technologies, as
highlighted in the findings, plays a
transformative role in modern agriculture by
addressing environmental challenges while
enhancing productivity. The adoption of biogas
systems, as detailed by Islam et al. (2024), aligns
with global trends in reducing agricultural
emissions and utilizing waste as a renewable
energy source. This approach resonates with the
circular economy model, which emphasizes
resource efficiency and waste minimization.

Ren et al. (2025) discuss the critical role of
genebanks in enhancing climate resilience for
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livestock and crops. This aligns with the theory of
ecological adaptation, which posits that genetic
diversity enables species to adapt to changing
environments. The increasing frequency of
extreme weather events due to climate change
underscores the urgency of preserving and
utilizing genetic resources to ensure agricultural
sustainability.

The findings by Dayrell et al. (2024) emphasize
the dual benefits of biogas systems in managing
agricultural waste and generating renewable
energy. This aligns with the sustainable
development goal of affordable and clean energy
(SDG 7), highlighting the potential of such
technologies to reduce dependence on fossil
fuels. The current global push for net-zero
carbon emissions further validates the
importance of biogas in achieving sustainability
goals.

The review by Borah and Malakar (2025)
highlights nitrate contamination as a critical
issue in agricultural regions, which has severe
implications for human health and water quality.
The findings suggest that adopting precision
agriculture techniques could mitigate such
pollution, aligning with the environmental
Kuznets curve theory, which proposes that
environmental degradation decreases with
technological advancements.

Judijanto (2025) underscores the need for a
synergy between policy frameworks and
technology adoption. Current global
phenomena, such as the European Union’s
Green Deal, demonstrate how policy support can
accelerate the transition to sustainable
agricultural practices. Without such frameworks,
the implementation of green technologies may
remain fragmented and ineffective.
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The findings by Yuan et al. (2025) emphasize the
importance of integrating renewable energy
systems, such as solar panels, in large-scale
agricultural production. This aligns with the
energy transition theory, which highlights the
shift from traditional energy sources to
renewable alternatives. The current
advancements in photovoltaic technology make
this integration more feasible, particularly in
regions with abundant sunlight.

While the findings highlight the potential of
green technologies, they also reveal significant
socio-economic  barriers, particularly in
developing countries. High initial costs, lack of
technical knowledge, and limited infrastructure
remain critical challenges. These findings are
consistent with the diffusion of innovations
theory, which suggests that the adoption of new
technologies is influenced by factors such as
compatibility, complexity, and observability.

Marcuta et al. (2024) emphasize the role of GIS
technology in improving resource management
and farm efficiency. The ability to analyze spatial
data and make informed decisions is increasingly
critical in the context of climate change. This
technological integration supports precision
farming, enabling farmers to optimize water
usage and reduce input costs.

The contributions of Ulimaz and Yardani (2024)
on biotechnological innovations underline their
importance in developing climate-resilient
crops. The use of genetically modified organisms
(GMOs) to enhance crop yields under extreme
weather conditions supports the resilience
theory, which highlights the capacity of systems
to adapt and thrive under stress.

From the author's perspective, the findings
collectively illustrate the transformative

potential  of  environmentally  friendly
technologies in addressing climate change and
promoting sustainable agriculture. However,
their success depends on effective policy
frameworks, financial incentives, and farmer
education programs. Governments, researchers,
and private sectors must collaborate to bridge
the gap between technology availability and
accessibility.  The  author  recommends
prioritizing investments in low-cost, scalable
technologies and creating platforms for
knowledge exchange among stakeholders.

These findings resonate with ongoing global
initiatives such as the United Nations’
Sustainable Development Goals (SDGs) and the
Paris Agreement, which emphasize the transition
to sustainable systems to combat climate change.
The evidence underscores the need for systemic
changes, integrating policy, technology, and
community engagement to ensure a sustainable
future for agriculture.

4. CONCLUSION

This study demonstrates the critical role of
environmentally friendly technologies in
fostering sustainable agricultural practices to
mitigate the impacts of climate change. Key
findings reveal that innovations such as biogas
systems, precision agriculture, and renewable
energy integration significantly contribute to
reducing greenhouse gas emissions, optimizing
resource use, and enhancing the resilience of
farming systems. These technologies align with
global sustainability goals, emphasizing their
potential to transform agriculture into a more
eco-efficient and climate-resilient sector.

Furthermore, the research highlights the
interplay between technology adoption and
socio-economic factors, such as policy
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frameworks, financial incentives, and farmer
education. The success of green technologies
depends not only on their technical effectiveness
but also on their accessibility and scalability,
particularly in developing countries. The
findings underscore the need for comprehensive
strategies = that  combine  technological
advancements with supportive policies to
achieve widespread adoption and long-term
sustainability.

The evidence also reveals gaps in the literature,
including the limited focus on smallholder
farming systems, the role of local governance in
technology dissemination, and the socio-
economic barriers faced by farmers in adopting
green innovations. Addressing these gaps
requires a multidisciplinary approach that
integrates technical, social, and economic
perspectives to achieve equitable and effective
outcomes in agricultural sustainability.

Future research should explore the socio-
economic dimensions of environmentally
friendly technologies in greater depth,
particularly in resource-constrained settings.
Studies could investigate the cost-benefit
analysis of technology adoption, focusing on
smallholder farmers and their unique challenges.
Additionally, there is a need to examine the role
of local governance, community participation,
and farmer cooperatives in facilitating
technology dissemination and adoption.

Another promising area for future research is the
integration of artificial intelligence (AI) and data
analytics in precision agriculture. Advanced
data-driven tools could enhance decision-
making, improve efficiency, and further reduce
environmental impacts. Longitudinal studies
assessing the long-term environmental and
socio-economic benefits of these technologies

are also essential to inform policy and
investment priorities. By addressing these areas,
future research can contribute to building a more
resilient and sustainable agricultural sector
capable of withstanding the challenges of climate
change.
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