
Journal of Sustainable Environment and Society, 2025, Vol. 1 (1), 017-026 

Green Biotechnology and Environmental Law: Synergy for 
Ecological and Social Resilience 

 
Andry Daniel Dethan1, Brayan Multirizky Pradana1, Vailen Laurens Hiariej1 , M. 
Royhan Syahru Ramadhan1, Brayan Multirizky Pradana 1, Dinda Permata Sari1 , 

Cindy Marta Tilana1, Laili Mabrur Rohma1*  
 

1Master Of Environmental Science, Universitas Pembangunan Nasional Veteran Jawa Timur, 
60294, Surabaya, Indonesia 

*Corresponding author (e-mail: lailimrohma@gmail.com)  
 
 

Abstract - The accelerating pace of environmental degradation and growing 
demand for food call for innovative solutions that integrate science and policy. 
Green biotechnology offers sustainable approaches through genetic engineering 
of crops, bio fertilizers, bioremediation, and waste management, all of which 
have proven effective in reducing pollution and enhancing productivity in 
environmentally friendly ways. However, the application of these technologies 
in Indonesia faces ethical, social, and legal challenges, including community 
resistance, regulatory uncertainty, and limited institutional capacity. This study 
aims to review the interconnection between green biotechnology and 
environmental law, with analytical scope covering ecological, social, and policy 
dimensions. A qualitative approach based on literature review and Indonesian 
case studies was employed to identify potential synergies and major obstacles. 
The findings indicate that the successful integration of green biotechnology is 
strongly influenced by regulatory consistency, community participation, and 
sustained research support. Key recommendations include strengthening 
environmental governance, enhancing public education to increase technology 
acceptance, and harmonizing policies in line with sustainable development 
goals. In conclusion, the synergy between green biotechnology and 
environmental law forms a crucial foundation for building both ecological 
resilience and social resilience in the face of global challenges. 
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1. INTRODUCTION 
 
Global challenges such as climate change, environmental degradation, and the rising demand 
for food require innovative solutions that address both ecological and social dimensions [1]. 
One promising approach is green biotechnology, which applies biological sciences to promote 
sustainable agriculture, waste management, and ecosystem restoration. This technology 
encompasses genetic engineering of crops, the use of biofertilizers, bioremediation, and 
pollution reduction strategies based on living organisms [2][3]. Numerous studies have 



demonstrated that green biotechnology can simultaneously enhance productivity and reduce 
environmental impacts [4]. 
 
Nevertheless, the implementation of green biotechnology in Indonesia faces several obstacles. 
These include public resistance toward genetically modified products, limited institutional 
capacity, and regulatory uncertainties that hinder broader adoption [5]. Such conditions 
highlight the urgency of integrating green biotechnology with environmental law to ensure that 
technological innovations are both scientifically effective and socially legitimate [6]. 
Environmental law plays a crucial role in providing regulatory certainty, safeguarding 
ecosystems, and building public trust. Consistent legal frameworks encourage research, 
strengthen community participation, and minimize potential risks associated with misuse of 
technology [7]. Furthermore, harmonization of policies across sectors is essential to align 
biotechnological applications with national and global sustainability agendas [8]. 
 
Recent literature underscores the importance of collaboration among scientists, policymakers, 
and civil society in managing green technology [9]. This perspective emphasizes not only 
technical effectiveness but also the necessity of building ecological resilience and social 
resilience. Ecological resilience refers to the ability of ecosystems to adapt and recover from 
environmental pressures, while social resilience denotes the capacity of communities to accept, 
adapt, and participate in technological transformation [10].This study aims to examine the 
interrelationship between green biotechnology and environmental law in Indonesia, focusing 
on ecological, social, and policy dimensions. Through literature review and selected national 
case studies, the study identifies both potential synergies and major barriers in practice. The 
findings are expected to provide strategic recommendations for strengthening environmental 
governance, enhancing public awareness, and shaping policies consistent with sustainable 
development goals. Accordingly, the integration of green biotechnology and environmental 
law forms a strategic foundation for ensuring ecosystem resilience while reinforcing social 
adaptability in the face of global challenges [11]. 
 
2. RESEARCH METHODOLOGY 

 
This study aims to review the interconnection between green biotechnology and environmental 
law, with an analytical scope covering ecological, social, and policy dimensions. A qualitative 
approach based on literature review and Indonesian case studies was employed to identify 
potential synergies and major obstacles. 
 
2.1 Primary Data 
 
Primary data for this article consists of relevant legal and policy documents at both the national 
and international levels. These documents serve as the primary source of information because 
they directly regulate the practices of biotechnology and environmental protection. 
 
2.1.1. National Regulations 

National regulation are positive laws that apply directly in Indonesia. 
1) Law No. 32 of 2009 concerning Environmental Protection and Management 

This regulation serves as the primary legal basis in Indonesia governing environmental 
protection, management, and law enforcement. The articles within, particularly those 
relating to biodiversity and pollution, are highly relevant to analyzing how green 
biotechnology should operate without damaging ecosystems [12]. 

2) Law No. 18 of 2012 concerning Food 
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This law regulates food safety, including genetically engineered food. This regulation 
provides a framework for assessing the risks and benefits of biotechnology products for 
human health and the environment [13]. 

3) Government Regulation (PP) No. 21 of 2005 concerning Biosafety of Genetically 
Engineered Products 
This regulation specifically addresses the biosafety of genetically engineered products, 
including risk assessment procedures, permits, and oversight. It is an essential primary 
data source for understanding Indonesia's biotechnology regulatory framework [14]. 

4) Law No. 13 of 2016 concerning Patents: Regulates patents for biotechnology 
inventions, including microorganisms 
This regulation governs the protection of inventions in the field of biotechnology, 
including non-essential biological and microbiological processes. However, the Patent 
Law is considered to be lacking in its regulation of environmental safety, genetic 
resources, and human health, as it only contains two specific articles on these matters. 
Additionally, Article 163 of the Patent Law imposes criminal sanctions and/or fines on 
parties who cause environmental damage or human death due to patent exploitation, 
including through biotechnological processes [15]. 

5) Law No. 29 of 2000 concerning Plant Variety Protection (PVT) 
This regulation governs the process of plant breeding, which is distinct from genetic 
engineering as regulated by the Patent Law. Both of these laws are considered to 
overlook the protection of the environment, the loss of genetic resources, and the 
decline of human health [16]. 
 

2.1.2. International Regulations 
International regulations are implemented in Indonesia through ratification in the form of 
national laws. This means that Indonesia has bound itself to these agreements. 
1) Law No. 5 of 1994 concerning Ratification of the Convention on Biological Diversity 

(CBD) 
This international convention was ratified by Indonesia to protect biodiversity from 
modern biotechnology development. However, this convention cannot stand alone and 
requires an implementing protocol [17]. 

2) Law No. 21 of 2004 concerning Ratification of the Cartagena Protocol on Biosafety 
This protocol is a follow-up to the Convention on Biological Diversity. The Cartagena 
Protocol mandates that biotechnology companies openly provide information regarding 
the impacts of their transgenic plant trials and ensure that the processes do not harm 
biodiversity, the environment, or human health [18]. 

3) TRIPs (Trade-Related Aspects of Intellectual Property Rights) 
As a member of the WTO, Indonesia is bound by this agreement. TRIPs requires 
member countries to have a patent system that protects inventions, including those in 
the field of microorganisms [19] [20]. 

4) Budapest Treaty 
Indonesia is a member of this agreement, which simplifies international patent 
procedures related to microorganisms [21]. 

5) Rio Declaration 
Although not legally binding, its principles, particularly the Precautionary Principle, 
serve as a philosophical foundation often adopted in the formulation of regulations in 
Indonesia, including in the context of biotechnology safety [22]. 

 
2.2 Secondary Data 
 



Secondary data, drawn from scientific literature and academic publications, analyzes the 
interaction between green biotechnology and environmental law. These sources provide the 
theoretical framework and empirical evidence necessary to support the article's arguments. This 
method was chosen to provide an in-depth analysis of regulatory strengths and weaknesses, 
social dimensions, and governance gaps in the context of green biotechnology development in 
Indonesia, particularly regarding transgenic plants and genetically modified 
organisms (GMOs). 
. 
2.3 Analysis Data 
 

1. Descriptive Analysis: The collected data was described to understand key concepts, 
such as green biotechnology and environmental law. 

2. Comparative Analysis: A comparison is made of the legal frameworks for integrating 
biotechnology innovation with environmental regulations. 

3. Critical Analysis and Synthesis: The data was critically analyzed to identify gaps 
between the potential of green biotechnology and the effectiveness of environmental 
law. Next, a synthesis is conducted to formulate arguments on how the synergy between 
the two can be enhanced to achieve greater ecological and social resilience. 

 
3. RESULTS AND DISCUSSION  
 
Research on the regulation and challenges of green biotechnology in Indonesia, particularly 
concerning transgenic crops and genetically modified organisms (GMOs), demonstrates that 
legal issues constitute a central concern in its development [12]. Several studies highlight the 
significant potential of transgenic crops to enhance national food security; however, progress 
is hindered by a legal and biosafety framework that remains weak and insufficiently defined 
[12]. Strong and effective regulation is therefore required to balance the promotion of 
innovation with the protection of the environment and public health. In this context, scholars 
emphasize that Indonesia, through its ratification of the Cartagena Protocol, has adopted the 
precautionary principle as the foundation for regulating genetically engineered products [13]. 
This principle places the burden of proof on developers to demonstrate product safety, with the 
primary objective of safeguarding biodiversity and preventing uncontrolled environmental 
risks. Nevertheless, implementation continues to face major challenges, including limited 
resources, technical capacity, and inter-agency coordination [13]. 
 
At the national level, the legal framework—most notably Government Regulation No. 21 of 
2005 on the Biosafety of Genetically Engineered Products—emerged as a direct extension of 
Indonesia’s international commitments under the Convention on Biological Diversity (CBD) 
and the Cartagena Protocol [14]. This regulation aims to ensure that all activities involving 
GMOs, from research and development to environmental release, are carried out safely. Hence, 
Indonesia’s regulatory structure does not stand in isolation but rather represents a translation 
of global agreements into national legal instruments [14]. Beyond the domain of formal 
regulation, socio-cultural dimensions also play a crucial role. Studies on community legal 
culture indicate that public acceptance of biotechnology is strongly influenced by trust in a 
transparent and accountable legal system [15]. Without adequate public participation and legal 
awareness, the implementation of biotechnology regulations risks encountering social 
resistance. Therefore, the advancement of green biotechnology in Indonesia requires not only 
a coherent and robust regulatory framework, but also effective enforcement and an adaptive 
legal culture within society, ensuring its development proceeds in a responsible and sustainable 
manner [15]. 
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3.1 Regulatory Strengths and Weaknesses 
 
Indonesia has established a relatively strong legal basis for the governance of green 
biotechnology, having enacted several national laws such as Law No. 32/2009 on 
Environmental Protection and Law No. 18/2012 on Food, and ratified international treaties 
including the Cartagena Protocol and the Convention on Biological Diversity (CBD) that 
ensure biosafety and biodiversity protection [18–20]. These instruments provide an important 
normative foundation for aligning biotechnology practices with environmental sustainability. 
However, their effectiveness is undermined by fragmented institutional responsibilities and 
inconsistent enforcement, as identified in previous studies on biosafety governance in 
Indonesia [21,22]. 
 
3.2 Social Dimensions 
 
From a social perspective, skepticism toward genetically modified organisms (GMOs) remains 
significant. Public resistance is largely driven by limited education, low transparency, and 
insufficient dissemination of scientific information [23]. In addition, community involvement 
in policymaking processes related to biotechnology is minimal, thereby reducing trust and 
weakening societal acceptance [24]. 
 
3.3 Governance Gap 
 
While biotechnology research in Indonesia continues to expand, the legal and regulatory 
frameworks have not kept pace with technological developments [25]. This lag creates 
uncertainty for scientists, investors, and farmers who rely on clear and consistent regulations 
for safe application. As a result, the translation of research outcomes into large-scale 
applications remains constrained, echoing findings from comparative studies on transgenic 
crop governance [26]. 

 
Table 1. Comparison of National and International Regulations on Green Biotechnology 

Level Main Instruments Key Points 

National 
Law No. 32/2009 (Environmental 
Protection) 

Basis for ecosystem protection, 
but weak enforcement 

 Law No. 18/2012 (Food) 
Regulates GMO food safety, 
limited risk assessment 

 PP No. 21/2005 (Biosafety) 
Key biosafety procedures, weak 
monitoring capacity 

 
Law No. 13/2016 (Patents) & Law 
No. 29/2000 (Plant Variety 
Protection) 

Protects biotech innovation, but 
overlooks ecological impacts 

International CBD & Cartagena Protocol 

Precautionary principle, 
biodiversity & biosafety 
protection, weak implementation 
capacity 

 TRIPs & Budapest Treaty 
Patent protection, trade focus, 
limited environmental scope 



Level Main Instruments Key Points 

 Rio Declaration 
Soft law, precautionary principle, 
non-binding 

Source: Compiled from national regulations and international agreements [18–21] 
 
In practice, the interaction between green biotechnology and environmental law generates both 
promising opportunities and persistent challenges across regulatory, social, economic, 
ecological, and governance dimensions. These dynamics are summarized in Table 2, which 
highlights the key opportunities and challenges of their synergy in Indonesia. 
 

Table 2. Opportunities and Challenges of Green Biotechnology and Environmental Law 
Aspect Opportunities Challenges 

Regulation 
Availability of comprehensive 
national and international legal 
frameworks 

Institutional fragmentation, 
inconsistent law enforcement 

Social 
Potential to support food security 
and environmental restoration 

Public resistance to GMOs due to 
limited education 

Economic 
Increased productivity and resource 
efficiency 

Regulatory uncertainty 
discourages investment in R&D 

Ecological 
Potential to reduce pollution and 
restore ecosystems 

Unpredictable risks to 
biodiversity if regulations are 
weak 

Governance 
Opportunity to harmonize policies 
with SDGs and precautionary 
principles 

Limited coordination among 
ministries and agencies 

Source: Compiled from national regulations and international agreements [18–21] 
 

3.4 Conceptual Framework 
 
The conceptual framework Figure 1, demonstrates the dynamic interaction between green 
biotechnology and environmental law, which together foster ecological resilience (ecosystem 
integrity and biodiversity protection) and social resilience (food security, public acceptance, 
and participation). 
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Figure 1. Conceptual Framework: Synergy of Green Biotechnology and Environmental Law 
for Ecological and Social Resilience 

 
Green biotechnology provides technological innovations such as genetic engineering, bio 
fertilizers, and waste management, while environmental law offers governance mechanisms, 
legal certainty, and biosafety safeguards. Their synergy ensures that innovation is both 
effective and socially legitimate. This integration produces two outcomes: ecological 
resilience, ensuring ecosystems adapt and recover from stressors, and social resilience, 
enabling communities to adapt, accept, and participate in technological transformation. 
 
4. CONCLUSION 
 
This study demonstrates that the integration of green biotechnology and environmental law is 
essential for promoting sustainable development in Indonesia. Green biotechnology offers 
solutions to enhance food security and reduce environmental degradation, while environmental 
law provides the legal framework needed to ensure safety, legitimacy, and accountability. 
However, challenges such as weak enforcement, fragmented institutions, regulatory 
uncertainty, and public resistance remain significant barriers to its effective implementation. 
Therefore, achieving synergy between technological innovation and regulatory frameworks 
requires strengthening environmental governance, harmonizing policies with international 
commitments, and enhancing community participation. Public education and transparent 
communication are also necessary to build trust and improve societal acceptance of green 
biotechnology. Sustained research support and cross-sector collaboration will further ensure 
that legal frameworks keep pace with scientific advancements. 
Thus, the combined role of green biotechnology and environmental law forms a strategic 
foundation for building both ecological resilience and social resilience. This synergy not only 
safeguards biodiversity and ecosystem integrity but also empowers communities to adapt and 
participate in sustainable technological transformation, positioning Indonesia to better respond 
to global environmental and food security challenges. 
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