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Abstract. 
 
The use of single-use plastics derived from fossil fuels has been a major 
cause of environmental pollution. As a solution, biopolymers based on 
renewable resources have emerged as an environmentally friendly 
alternative. This article examines the development, challenges, and 

implementation strategies for biopolymers in providing sustainable plastic 
solutions. The discussion begins with an introduction to biopolymers, their 
types, and applications in replacing fossil-based plastics in various 
industrial sectors. It is found that although biopolymers offer environmental 
advantages, key challenges include higher production costs, limited raw 
materials, and waste management. The article also discusses the role of 
government policies, technological innovation, and multisectoral 
collaboration in accelerating biopolymer adoption. With appropriate 

policies, infrastructure development, and increased consumer awareness, 
Indonesia has great potential to lead sustainable biopolymer production. 
 
Keywords: Biopolymers, sustainable plastics, circular economy,  

government policies and  technological innovation. 
 

 

I. INTRODUCTION 

The development of the plastics industry in recent decades has presented significant environmental 

impacts [1]. Single-use plastics, although highly practical and versatile [2], contribute greatly to 

environmental pollution, especially in terms of non-degradable plastic waste. According to data from the 

United Nations Environment Programme (UNEP), around 8 million tons of plastic end up in the ocean every 

year, threatening marine ecosystems and biodiversity. Plastic also has a long lifespan, making it difficult to 

recycle effectively [3]. Therefore, the search for more environmentally friendly plastic alternatives is crucial 

to mitigate these adverse impacts [4].One solution being developed is biopolymers, which are polymeric 

materials derived from renewable resources such as plants, algae, or microorganisms [5]. Biopolymers have 

the potential to replace non-degradable fossil-based plastics, with the ability to degrade naturally and reduce 

carbon footprint [6]. However, despite this great potential, there are still various challenges in the application 

of biopolymers in industry [7]. Key challenges include issues related to production costs, raw material 

availability, as well as supply chain management and limited production technologies [8]. 

This table will illustrate the comparison of physical and environmental properties between fossil-

based and biopolymer plastics, including their cost, durability, degradation time, and impact on the 

environment [9]. 

Table 1. Comparison Between Fossil-based Plastics and Biopolymers 

Properties Fossil Plastics Biopolymer 

Raw Materials 
Fossil resources 

(petroleum, natural gas) 

Renewable resources (starch, 

cellulose, vegetable oils) 

Biodegradability Not biodegradable 
Biodegradable (decomposes within 

a certain time) 

Degradation Time 100+ years 1-6 months (depending on type) 

Effect on 

Environment 
Microplastic pollution 

More environmentally friendly, 

less pollution 

Production Cost Relatively cheaper More expensive due to production 
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process and raw materials 

Energy Source 
Dependent on fossil 

energy 

Dependent on renewable energy 

(such as solar energy)[10] 

A comparison between fossil-based plastics and biopolymers is essential to understand the 

advantages and disadvantages of each in the context of sustainability, environmental impact and industrial 

applications [11]. Fossil-based plastics such as polyethylene (PE), polypropylene (PP), and polyethylene 

terephthalate (PET) have been the primary choice in various industries due to their relatively low price [12], 

good mechanical properties, and high durability [13]. However, the use of these plastics has raised major 

issues regarding plastic pollution and dependence on finite fossil natural resources [14].Meanwhile, 

biopolymers, which are made from renewable resources such as plants or microorganisms, are expected to be 

a solution to reduce the environmental impact of conventional plastics [15]. Biopolymers include various 

types of bio-based plastics such as polylactic acid (PLA), polyhydroxyalkanoates (PHA), and polybutylene 

adipate terephthalate (PBAT) [16]. Although biopolymers have the potential to replace fossil-based plastics, 

there are several challenges in terms of production cost, raw material availability, and efficiency of the 

production process [17].The aim of this research is to explore the engineering and management of eco-

friendly biopolymers as a solution for sustainable plastics. This research will also discuss the various 

applications of biopolymers, the challenges faced in development and implementation, and the management 

strategies that need to be applied in the production and industrial application of biopolymers. 

Theoretical/Empirical Foundations 

Biopolymers are polymers obtained from biological resources, which are biodegradable and more 

environmentally friendly compared to conventional plastics made from petroleum [18]. Some of the most 

recognized types of biopolymers are polylactic acid (PLA), starch, and poly(butylene adipate-co-

terephthalate) (PBAT) [19]. PLA, for example, is made from raw materials such as corn or sugarcane and 

can be used in a variety of applications ranging from packaging to medical products [20].The theory 

underlying the development of these biopolymers is natural systems theory, which focuses on using 

renewable materials to replace non-renewable materials [21]. This system utilizes the principle of circular 

economy, where the materials used can be recycled or decomposed naturally without harming the 

environment [22]. Based on this theory, the development of biopolymers not only reduces dependence on 

finite natural resources, but also supports long-term sustainability[23]. Previous studies have shown that 

although biopolymers have great potential to replace plastics, some major obstacles remain. One of them is 

the higher production cost compared to conventional plastics [24]. According to a studyby polman [25], the 

production cost of biopolymers is still highly dependent on fluctuating raw material prices. In addition, 

challenges in large-scale production of biopolymers include quality control issues, efficiency of the 

production process, and management of waste generated during the process [26]. 

 

II.  METHODS  

This research used a qualitative approach to analyze the existing literature regarding biopolymer 

engineering and its management in the context of sustainability. The data used in this research comes from 

literature studies, scientific journals, industry reports, and government publications related to biopolymer 

production, the latest technology, and challenges in the management and application of biopolymers in 

industry.This type of research is a descriptive study, in which the author will identify and examine the 

problems faced in the development of biopolymers and evaluate how these solutions can be practically 

applied in the industry. The analysis was conducted by collecting data on the development of biopolymer 

technology, business models implemented by biopolymer companies, and government policies that support 

the sustainable use of biopolymers.The analysis procedure involved content analysis of various literatures 

relevant to this topic, focusing on identifying challenges and solutions in the development and application of 

biopolymers. This research also adopted and modified the SWOT (Strengths, Weaknesses, Opportunities, 

and Threats) analysis method to evaluate the potential of biopolymers in facing sustainability challenges, as 

well as identify managerial strategies that can support the adoption of biopolymers in the industry. 
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III.  RESULT AND DISCUSSION  

A.  Application of Biopolymers in Industry 

The use of biopolymers in various industrial applications is growing, especially in the packaging, 

automotive, and medical sectors. The most widely used biopolymers are PLA, PHA 

(Polyhydroxyalkanoates), and PBAT. According to data from European Bioplastics (2023), the global 

bioplastics market is expected to reach USD 14.5 billion by 2024, with PLA as the most widely used type of 

biopolymer, accounting for nearly 50% of the total bioplastics market. In the context of packaging, PLA 

biopolymers are used for products such as plastic bags, bottles, and biodegradable food wrappers [27].The 

application of biopolymers in the medical sector also shows excellent prospects. For example, PHA is used 

in the development of medical implant materials that can degrade in the body, replacing conventional non-

biodegradable plastics [28]. In addition, biopolymers are also used in the manufacture of medical bandages 

and other environmentally friendly medical materials.This graphic illustrates the projected use of 

biopolymers in various industrial sectors in the next decade. This data can include packaging, automotive, 

medical, and other sectors. 

Fig 1. Projected Use of Biopolymers in Industrial Sectors in 2025-2035 

 

B.  Challenges in the Development and Implementation of Biopolymers 

While biopolymers offer various environmental benefits, the challenges in their development and 

implementation are immense. Based on data from the Global Biopolymers Report 2023, some of the major 

challenges facing the biopolymers industry include higher production costs, limitations in raw materials, as 

well as the lack of adequate recycling infrastructure. The production cost of biopolymers, especially PLA 

and PHA, is still higher than that of conventional plastics [29]. For example, the production cost of PLA in 

2023 is estimated to be around USD 3.5 per kilogram, while the production cost of fossil-based plastics is 

only around USD 1.0 to USD 1.2 kilograms.In addition, the availability of renewable raw materials for 

biopolymer production is also a major constraint. Most biopolymers, such as PLA, are made from plants that 

can be affected by price fluctuations in agricultural commodities, such as corn and sugarcane. These price 

fluctuations can affect the overall production cost of biopolymers, which in turn affects the competitiveness 

of biopolymers over conventional plastics. 

C.  Supply Chain Management and Sustainability of Biopolymer Production 

The supply chain for biopolymers consists of several stages, from the cultivation of renewable raw 

materials to the manufacturing process of biopolymers and their distribution to the market. One of the key 

challenges in biopolymer supply chain management is maintaining resource sustainability. For example, the 

production of corn-based PLA can risk causing deforestation or land conversion for corn farming, which can 

add to the overall environmental impact [30].To address this challenge, many companies have started 

adopting sustainable farming systems and optimizing production processes to reduce carbon footprint. For 

example, companies such as NatureWorks, the world's largest PLA producer, use raw materials from corn 

grown using sustainable farming methods that minimize the use of pesticides and chemical fertilizers [31]. In 

addition, the company invests in technologies that can reduce carbon emissions during the PLA production 

process. 
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D.  Implementation Strategy and Management of Biopolymers on an Industrial Scale 

The implementation strategy of biopolymers on an industrial scale requires special attention to 

various aspects, such as government policies, technology development, and collaboration between the public 

and private sectors. One approach that can be used is to encourage policies that support incentives for 

companies that develop and produce biopolymers [32]. Several countries such as Japan, Germany, and the 

United States have adopted policies that provide tax incentives or subsidies for companies that produce 

biopolymer-based plastics [33]. 

Table 2. Environmental Impact of Biopolymers in Some Industrial Applications 

Application Types of 

Biopolymers 
Emissions 

per Ton 

(Kg CO2) 

Consumption 

(Liters per 

Ton) 

Potential Reduction 

Waste Plastic 

Packaging 

Food 
PLA, PHA, 

PBAT 
1,100 1,500 40% lower than 

conventional plastic 

Shopping 

Bag 
PBAT, PLA 900 1,200 35% lower from pocket 

plastic fossil 

Mineral 

Water 

Bottle 

PEF 

(Polyethylene 

Furanoate ) 

1,200 1,800 30% lower from PET 

based fossil 

In Indonesia, while there is great potential to develop biopolymers based on local resources such as 

palm oil and sugarcane, there are still major barriers in terms of policies and regulations that support the 

widespread adoption of biopolymers. The Indonesian government has recently started to launch several 

initiatives to increase the use of biopolymers, such as in the packaging and medical products sectors [34]. 

However, to realize industrial adoption, closer collaboration between the government, academia, and 

industry sectors is required.This table can give an idea of the extent to which biopolymers have been adopted 

in different countries, based on data from relevant industry sectors. 

Table 3. Statistics on Biopolymer Usage in Several Countries 

Country Biopolymer Usage 

Rate (%) 
Main Sectors Government Policies that Encourage 

United States 

of America 
20% Packaging , 

automotive 
Subsidy For production biopolymers , 

incentives for R&D 

German 30% Packaging , 

textiles 
Policy strict related subtraction plastic 

disposable 

    

Brazil 15% 

Packaging , 

consumer 

products 

Regulation about subtraction plastic on 

beaches and in the sea 

Indonesia 5% Packaging , 

agriculture 
Tax incentives for industry bioplastics , 

restrictions use plastic conventional 

 

 

E.  Sustainability and Environmental Impact 

One important aspect in the development of biopolymers is their impact on sustainability. 

Biodegradable biopolymers offer great advantages in terms of reducing plastic waste in the environment. For 

example, PLA and PHA, which degrade in a short time, can reduce the burden of plastic waste polluting the 

environment [35].However, there are several challenges that need to be overcome to ensure that biopolymers 

are truly environmentally friendly. One of them is the management of biopolymer waste after use. Although 

biopolymers degrade faster than conventional plastics, their decomposition process can produce methane, a 

greenhouse gas that can potentially harm the environment if not managed properly [36]. Therefore, 

biopolymer waste management also needs to be part of the implementation strategy to ensure more holistic 

sustainability [37]. 

F.  Case Study: Use of Biopolymers in the Packaging Industry 

As a concrete example, the packaging sector is one of the most widely adopting biopolymers, 

especially PLA. A study conducted by Bioplastics Magazine (2022) shows that the use of PLA in food 

packaging is increasing by 10% every year, with several major brands such as Coca-Cola, Nestlé, and 

Unilever starting to switch to using this renewable-based bioplastic. Coca-Cola, for example, uses PET 
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bottles lined with PLA in some of their products, and they plan to convert 25% of their packaging to 

bioplastic materials by 2025.However, challenges within the biopolymer packaging sector are also very real. 

Renewable resources for PLA raw materials such as corn and sugarcane are often affected by climate change, 

which can affect the supply of raw materials globally. In addition, although PLA is biodegradable, major 

issues remain regarding the management of PLA waste in landfills [38]. Currently, recycling facilities that 

can process large quantities of PLA are limited, which affects the effectiveness of recycling systems for this 

biopolymer. 

G.  Evaluation and Comparison with Conventional Plastics 

One of the important things to evaluate is the comparison between biopolymers and conventional 

plastics in terms of cost and environmental impact. While biopolymers offer advantages in terms of 

biodegradability and reduced environmental impact, the higher production cost compared to conventional 

plastics is often a major deterrent. Conventional plastics can be produced at a much lower cost and with a 

more mature infrastructure [9]. However, with increasing awareness of the environmental impact of single-

use plastics, the demand for biopolymers continues to grow. 

H.  Economic Impact of Using Biopolymers 

In addition to the environmental benefits, the use of biopolymers also has a significant impact on the 

global economy and related industries. In Indonesia, the market potential for biopolymers is still very large. 

Given that the country is one of the largest producers of palm oil and sugarcane in the world, there is a great 

opportunity to develop a biopolymer industry based on local raw materials [39]. This can encourage the 

creation of new jobs, as well as increase the competitiveness of domestic products in the international market.  

According to data from the Indonesian Bioplastics Association (2023), if Indonesia capitalizes on the 

potential of local raw materials for biopolymer production, the country can reduce its dependence on fossil-

based plastic imports and mitigate the negative impacts of plastic pollution. In the long run, this will not only 

provide economic benefits, but also improve the sustainability and resilience of the national plastics 

industry.However, achieving this potential requires significant investment in research and development 

(R&D), production infrastructure, as well as the development of effective waste management technologies 

[40]. The development of a sustainable biopolymer industry ecosystem requires support from various 

stakeholders, including the government, private sector, and the community. 

I.  The Role of Government Policy in Encouraging the Use of Biopolymers 

The role of government policy is crucial in supporting the development of biopolymers. Several 

countries have successfully implemented policies that support the adoption of biopolymers through fiscal 

incentives, subsidies, and regulations that support sustainability. In Europe, for example, the European Union 

has issued policies that encourage the use of renewable materials in the packaging industry, with the target of 

reducing dependence on fossil-based plastics [41]. This policy not only creates a larger market for 

biopolymers, but also provides incentives for companies to innovate in the development of new 

environmentally-friendly products.In Indonesia, although there are several policies that support sustainability 

and plastic waste reduction, there is still a lack of specific regulations to encourage the use of biopolymers in 

industry [42]. Therefore, it is important for the Indonesian government to develop more supportive policies, 

including incentivizing companies that invest in biopolymer production and the development of biopolymer 

recycling technologies. 

J.  Potential for Innovation in Biopolymer Technology 

Along with technological developments, various innovations are emerging that can overcome the 

challenges in biopolymer development and production. One promising area is the development of 

biopolymers that can be produced using microorganisms or algae. Fermentation technology using bacteria or 

microbes to produce polymers such as PHA or PLA is developing rapidly [43]. This innovation enables the 

production of biopolymers at a lower cost and more efficiently, as microorganisms can grow quickly and can 

be generated from cheaper resources, such as organic waste or non-commodity plant materials.Another 

innovation is the use of more diverse feedstocks, such as agricultural waste or forest biomass. The use of 

these feedstocks enables the manufacture of biopolymers with a lower carbon footprint and can reduce 

dependence on agricultural feedstocks that are often affected by commodity price fluctuations [44]. The 
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development of algae-based biopolymers, for example, offers the potential to produce polymers with more 

sustainable resources, given that algae can grow quickly and do not require large areas of land. 

K.  Evaluation of Biopolymer Sustainability in Practice 

The sustainability of biopolymers depends not only on the ability of the material to biodegrade, but 

also on the entire life cycle of the product, from raw material production to final waste management. 

Therefore, a life cycle assessment (LCA) of biopolymers needs to be conducted to ensure that the products 

are truly more environmentally friendly than conventional plastics.LCA research conducted by Guo et al. 

(2021) showed that although biopolymers have a lower environmental impact during the use and disposal 

phase, the production process of raw materials such as corn and sugarcane for PLA can have a significant 

carbon footprint. Therefore, to improve the sustainability of biopolymers, it is important to optimize each 

stage in the product life cycle, from the selection of environmentally friendly raw materials to efficient 

production processes. 

L.  Future Perspective: Biopolymers and Circular Economy 

In the future, biopolymers will increasingly play an important role in the concept of a circular 

economy, where materials are reprocessed or recycled to reduce waste and dependence on non-renewable 

resources. This circular economy model supports the production and use of biopolymers by emphasizing the 

principles of reduction, reuse, and recycling.In this context, biopolymers will not only be used to replace 

single-use plastics, but will also serve in a variety of more sustainable industrial applications. For example, 

the use of biopolymers in the construction sector for products such as thermal insulation and other building 

materials can reduce reliance on fossil-based materials and reduce greenhouse gas emissions.In addition, the 

sustainability of biopolymers will be further assured as technology advances in waste management, such as 

processing biopolymer waste into energy or raw materials for further biopolymer production. 

M.  Multisectoral Collaboration in Biopolymer Development 

Successful development and application of biopolymers require close collaboration between various 

sectors, including industry, academia, government, and society. This collaboration is essential to create an 

ecosystem that supports innovation in technology, increased production capacity, as well as wider adoption 

at the industry and consumer levels. 

 1. The Role of Industry 

Major companies, such as BASF, Dow, and Novamont, have demonstrated their commitment to 

biopolymer development and production. They invest heavily in research and development to create more 

efficient, affordable, and environmentally friendly biopolymer materials. Some of these companies have 

even created high-capacity biopolymer production facilities that use renewable raw materials, such as food 

crops and biomass waste, to produce biodegradable plastics.However, to expand the scale of production and 

improve the competitiveness of biopolymers, the industry needs to involve more players in the supply chain, 

including raw material producers, processors, and distributors. This will help lower production costs through 

increased scale and operational efficiency. In addition, companies also need to collaborate with research 

institutions to address technical challenges, such as improving the stability and durability of biopolymer 

products. 

 2. Role of Government and Policy 

The government has an important role in creating policies that encourage the development of 

biopolymers. Measures such as providing tax incentives, subsidies for research, and ease of licensing for 

biopolymer manufacturers can accelerate the adoption of biopolymers in the industry. In addition, policies 

that support the establishment of biopolymer recycling infrastructure are also indispensable to ensure that 

biopolymer products are not only environmentally friendly at the point of use, but also at the end of their life 

cycle.Governments can work with industry to develop clear standards and regulations regarding the use of 

biopolymers, including adequate rules regarding production, use and recycling processes. For example, 

policies that require a reduction in the use of fossil-based single-use plastics, while incentivizing the use of 

biopolymers, would drive significant changes in the packaging industry and other sectors. 

 

 

https://ijsenet.com/


International Journal of Science and Environment 

https://ijsenet.com 
  15 

 

 3. Role of Academia 

The academic world also plays an important role in the development of biopolymers through research 

and development (R&D). Universities and research institutes can generate innovations in terms of new raw 

materials, more efficient production technologies, and more effective recycling methods. In addition, 

academia can provide training and education to professionals in the industry to understand the importance of 

biopolymers and how to implement them effectively.Various research institutions in Indonesia have started 

research projects that focus on developing local biopolymers based on Indonesia's natural raw materials, such 

as palm oil and sugarcane. This research will not only support the development of the domestic biopolymer 

industry, but can also open up export opportunities to global markets that increasingly prioritize 

sustainability and environmentally friendly products. 

 4. Role of Society and Consumers 

Public involvement in the transition towards the use of biopolymers is crucial. Consumers who are 

increasingly aware of the environmental impact of fossil plastic-based products can be a key driver for 

change. As consumer awareness increases, companies will be encouraged to develop more environmentally 

friendly products and adhere to higher sustainability standards.However, changing consumer behavior 

requires proper education. Educational campaigns that explain the benefits and effective use of biopolymers 

will help consumers make smarter decisions in choosing products. In addition, the implementation of 

effective collection and recycling systems will also make it easier for consumers to dispose of biopolymer 

waste in an environmentally friendly manner. 

N.  Analysis of Prospects and Strategic Recommendations for Biopolymer Implementation in 

Indonesia 

Indonesia has great potential to become a leader in the production and application of biopolymers. 

The country has abundant natural resources, such as palm oil, sugarcane, and other biomass, which can be 

utilized to produce biopolymer feedstocks. With the right policy support and collaboration between sectors, 

Indonesia can develop a biopolymer industry that is competitive in the global market. 

However, to capitalize on this potential, several strategic steps must be taken: 

1. Improved Biopolymer Recycling Infrastructure: To reduce the environmental impact of 

biopolymers, Indonesia should focus on developing effective recycling infrastructure. Given that 

biopolymers degrade faster than conventional plastics, it is important to have facilities that can efficiently 

manage and recycle biopolymers. 

2. Technology Development and Innovation: Investment in research and development to create more 

efficient and environmentally friendly biopolymers is essential. Fermentation technologies and the use of 

local raw materials should be encouraged to reduce production costs and increase the competitiveness of 

biopolymers. 

3. Implementation of Supportive Policies: The Indonesian government needs to develop clear 

policies that support the adoption of biopolymers, such as incentives for biopolymer producers, mandatory 

use of biopolymers in the packaging sector, and policies to reduce the use of fossil-based single-use plastics. 

4. Consumer Education and Awareness: Consumer education on the benefits and uses of 

biopolymers will drive changes in consumption patterns, which in turn will increase demand for biopolymer-

based products. 

5. Development of Multi-Sectoral Partnerships: Government, industry, academia, and society should 

work together to accelerate the development and adoption of biopolymers in Indonesia. This collaboration 

will create a mutually supportive ecosystem and accelerate the transition to a more sustainable circular 

economy. 

 

IV.  CONCLUSION AND SUGGESTIONS 

Biopolymers have great potential to replace fossil-based plastics in various sectors, including 

packaging, automotive, and medical, while reducing the environmental impact caused by single-use plastics. 

However, major challenges related to production cost, raw material availability, as well as waste 

management of biopolymers need to be addressed to ensure sustainability and wider adoption.Biopolymer 
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development in Indonesia has very promising prospects, given its abundant natural resources and large 

market potential. abundant natural resources and huge market potential. However, to achieve this potential, 

collaboration between the government, industry, academia, and the community is required to create 

supportive policies, improve infrastructure, and facilitate research and development. facilitate research and 

development. With the right steps, Indonesia can become a leader in the sustainable biopolymer 

industry,contribute to global plastic waste reduction, and strengthen the domestic economy. 

Suggestions for Future Research: 

Further research could examine new technologies that can reduce the cost of biopolymer production, 

as well as more effective recycling strategies for biopolymer waste. In addition, research on policy adoption 

and its impact on the biopolymer industry in Indonesia is also very important to design more optimal 

policies. In addition, it is important to further explore the potential of local natural resources that can be used 

in biopolymer production.. 
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