

[image: image1]
Transition of bioeconomy as a key concept for the agriculture and agribusiness development: An extensive review on ASEAN countries












	
	TYPE Original Research
PUBLISHED 28 November 2022
DOI 10.3389/fsufs.2022.998594






Transition of bioeconomy as a key concept for the agriculture and agribusiness development: An extensive review on ASEAN countries

Tiantian Wang1, Zhongkang Yu2, Riaz Ahmad3, Samina Riaz3, Kashif Ullah Khan4, Saeed Siyal5*, Muhammad Asif Chaudhry6 and Taiming Zhang7*


1Business School of Jishou University, Jiangsu, China

2University of Strathclyde, Glasgow, United Kingdom

3Bahria Business School, Bahria University Karachi, Karachi, Pakistan

4College of Business and Public Management, Wenzhou Kean University, Wenzhou, China

5School of Economics and Management, Beijing University of Chemical Technology, Beijing, China

6Department of Management Science, Shifa Tameer-e-Millat University, Islamabad, Pakistan

7Business School, The University of Edinburgh, Edinburgh, United Kingdom

[image: image2]

OPEN ACCESS

EDITED BY
Muhammad Zada, Henan University, China

REVIEWED BY
Jawad Khan, Iqra National University, Pakistan
 Imran Saeed, University of Agriculture, Peshawar, Pakistan

*CORRESPONDENCE
 Saeed Siyal, saeed@mail.ustc.edu.cn
 Taiming Zhang, taiming_zhang001@yahoo

SPECIALTY SECTION
 This article was submitted to Agroecology and Ecosystem Services, a section of the journal Frontiers in Sustainable Food Systems

RECEIVED 20 July 2022
 ACCEPTED 13 October 2022
 PUBLISHED 28 November 2022

CITATION
 Wang T, Yu Z, Ahmad R, Riaz S, Khan KU, Siyal S, Chaudhry MA and Zhang T (2022) Transition of bioeconomy as a key concept for the agriculture and agribusiness development: An extensive review on ASEAN countries. Front. Sustain. Food Syst. 6:998594. doi: 10.3389/fsufs.2022.998594

COPYRIGHT
 © 2022 Wang, Yu, Ahmad, Riaz, Khan, Siyal, Chaudhry and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Transition of bioeconomy plays an important role in the development of any economy. Therefore, the purpose of the current paper is to review the key concept of transition of the bioeconomy in the ASEAN economies that is considered to be an innovative collective method for observing the operation of national economies' numerous sectors that produce and process biological wealth. Based on current literature, it has been reviewed that the transition of bioeconomy is being presented with respect to the theoretical concept, and their essence and bioeconomy size, and the challenges and risks which are related to the bioeconomy transition. The various ways and the area of action along with present strategies which are supporting the development of bio economies and their relationship with the circular economies model had been presented. It was seen in the literature that ASEAN agricultures sectors had been contributing their major part in the development of value-added products and employment, except for Malaysia, Thailand, and Laos. Moreover, the analysis results had also shown that the transition of bioeconomy is considered to be an important concept in the growth of agriculture, forestry, agribusiness, and various sectors that produce and use bio-based raw materials. It was further found that for real bio-economy opportunities, it is essential that there should be a proper national and regional strategy for the bioeconomy development in place and for the development of a proper design and proper management coordination at every level of sectors, enterprises, and provincial systems.
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Introduction

According to the NORDIC Council of Ministers, bioeconomy is defined as the efficient use of renewable energy and biological resources from water and land to attain mutual benefits for human society and business (Refsgaard et al., 2021). Transformation of the typical economy to a bioeconomy employed a transition in form of fossil fuel to more efficient resources based on value addition with low energy consumption. Bioeconomy suggests that renewable resources must be converted in the form of bio plastics, biofuel, biopharmaceuticals, and foods. According to the European Commission, a bioeconomy utilizes the biological resources from the wastage of sea and land including foods using as industry inputs for efficient energy production (Patermann and Aguilar, 2018). Bioeconomy transition is considered the adoption of socio-technological processes for efficient energy production. A transition process is employed in the systematic change with respect to consumption and production accompanied by governance values and belief systems (Kern and Smith, 2008). In previous studies, academic scholars extensively discuss the bioeconomy in last decade with a number of review articles (Staffas et al., 2013; De Besi and McCormick, 2015). According to the European Commission (2012) a bioeconomy based on the strategies explains the need for partnership between civil society, government, industries, and universities. More specifically, current actors on bioeconomy transition elaborate the concept as a means to fight against global climate change and energy insecurity to minimize the global economic and financial crisis (Schmidt et al., 2012). Bioeconomy also includes food, agriculture, pharmaceuticals, aquaculture biomass, electricity production, and products of industrial biotechnology including bioplastics and enzymes (Scarlat et al., 2015; Liobikiene et al., 2019).

In the modern age, the transition of bioeconomy is now a common theme in policy documents and strategies around the world. The political concept of bioeconomy is still largely undefined (International Advisory Council on Global Bioeconomy, 2021). In other words, bioeconomy is not a fixed concept that will remain the same forever (Sanz-Hernández et al., 2019). Bioeconomy is a knowledge-based production and involves biological resources utilization and biological principles to sustainably deliver services and goods over all economic sectors (Babakus et al., 2003). It involves three parts: renewable biomass use and effective bioprocesses to gain sustainable creation converging and useable technologies, comprising biotechnology, and incorporation across the applications like agriculture, industry, and health (Babakus et al., 2003). Various countries comprise several sectors in their bioeconomy strategies based on their priorities and conditions. These various countries often endeavor to assess the contribution of bioeconomy to their overall economy by taking into account various variables, which typically reflect their priorities. Economic growth, employment, energy security, food security, the reduction of fossil fuels, climate change adaptation and mitigation, and rural development are among the country's goals and bioeconomy objectives (Bracco and Flammini, 2018).

ASEAN region is based on the international economies which facilitate and promote co-integration and cooperation in Southeast Asian countries such as Thailand, Vietnam, Brunei, Malaysia, Laos, Myanmar, Indonesia, Colombia, Singapore, and the Philippines. According to the statistics of 2018, the combined GDP of ASIAN economies is worth about 3 trillion USD. The annual growth rate of Gross Domestic Product is about 5.3, reported from 2002 to 2018. The individual GDP growth rate of ASEAN countries are as follows: Thailand 8.4%, Singapore 0.5%, Vietnam 15.3%, Brunei 1.2%, Philippines 7.4%, Indonesia 31.7%, Columbia 25.3%, Laos 20.9%, and Myanmar 8.9% (Zelina and Rudi Purwono, 2021). The main production and export of these countries are based on livestock, plants, trees, and crops that are very critical for the security and safety of energy resources, food, and bio-based products to ensure their economic sustainability. However, the contribution of the agriculture sector to GDP is lower than the service and industrial sector contributions. This industrial sector ultimately produces harmful and toxic wastage, pollutes the land and water, and destroys natural resources because of toxic and chemical emissions. For this reason, Asian governments must focus on bio-economic development by transforming a typical economy to a bioeconomy (Masud et al., 2018).

The current study employed and incorporated the ASEAN countries because of major issues facing industrial and agriculture development. After the financial crisis of 1997 to 1998 Asian countries strengthened more than the expectations (Waters et al., 2003). Criticism against unsympathetic western reactions forced the ASEAN countries to achieve cooperative arrangements in their region. In addition, their rivalry with Japan and China for leadership directed the ASEAN countries in seeking negotiable partnerships (Egberink and Van der Putten, 2010). The ASEAN region is still facing challenges because of the rapid economic growth in India and China. Hence ASEAN has made very slow economic progress. Private business and ownership still achieve little benefits from ASEAN-oriented agreements because of unaffordable and high tariffs. Facing such issues, ASEAN countries still continue their binding commitments. Moreover, sponsorship has been unable to support sufficiently and significantly that encourage agriculture business to invest substantially to attain deeper level integration.

Issues of environment and climate change, explosion of population, sudden change in urbanization in the big cities, generation of wastage, reduction of energy resources, and high depletion of fossil fuel are creating issues associated with the economy specifically based on the fossil, which required great attention. For this reason, recently the world has gradually transformed from a fossil oriented economy into a sustainable bio-economy. Biogenetic wastage that is produced in large quantities in ASEAN countries create high pressure to transform their industry into a bio-based economy (Lakra and Krishnani, 2022). These arguments and discussions depict a requirement for the structuring of bio-economy based on waste produced in ASEAN countries. In developed countries, wastage is now considered a valuable form of energy resource, specifically to supplement petroleum products obtained by proper utilization (Aguilar et al., 2019). Hence, it is very necessary to introduce wastage as an essential element for energy resources in future economic models for sustainable development. The review also helped to establish and structures the bio-economy based on drivers of wastage recycling in a sustainable format to achieve the futuristic needs and wants as well as create the opportunities predicted in the economic and business realms. Bio-economy based on the recycling of wastage has a significant and crucial scope that requires innovation at the industrial scale if technological and scientific knowledge is efficiently used (Lokko et al., 2018). Adoption of bio-economy, based on wastage recycling more precisely can be attained the major sustainability development goals given by United Nations.

Policies and initiatives for bioeconomy have high objectives and aims, but there is no agreed-upon mechanism for monitoring progress toward them (Bracco and Flammini, 2018). Because countries have different constraints, opportunities, and priorities, no standardized method for determining how much the bioeconomy contributes to the national economy has been devised at this point (Williamson, 2013). Lack of a consistent methodology could cause confusion when evaluating the importance of bioeconomy across countries (Sanz-Hernández et al., 2019). Along with previous countries' consequences, the previous studies had a major focus on developed economies (Asada and Stern, 2018; Jakarta, 2018; Sanz-Hernández et al., 2019) but had little attention on developing economies, especially on the Association of Southeast Asian Nations (ASEAN) economies. The current study includes the ASEAN region that promotes and facilitates cooperation among ten Southeast Asian countries namely, Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Vietnam (World Integrated Trade Solution, 2021). In 2018, the region's combined GDP was USD 3.0 trillion, with an average annual growth rate of 5.3% from 2000 to 2018. To sustain this rate of growth, ASEAN member countries recognized the importance of capitalizing on the opportunities offered by innovation and employing the concept of bioeconomy as a key to sustainability (World Integrated Trade Solution, 2021). It was further explained that ASEAN economies could be maintained as proper bioeconomies to sustain in the global world (World Integrated Trade Solution, 2021).

Along with the previous discussion, the current study has been conducted on the ASEAN countries which are currently measuring the contribution of bioeconomy to their overall economy because the ASEAN population has nearly doubled over the last four decades, reaching 632.1 million in 2017 (Jakarta, 2018). This increase in population shows that the ASEAN is undergoing a demographic transition, as evidenced by declining fertility and mortality rates over the last few decades (Jakarta, 2018). The population has now reached 682.9 million as per the report by English (n.d.). This change in the demographic is being associated with with the decreasing fertility and mortality rates in ASEAN Member States (AMS) from the last decades. An increase in population creates the problems of deficiency in biological resources and climate instability because of high industrial production that ultimately requires a bioeconomy transition. In contrast, the 10 AMS are at different stages of demographic transition, indicating different levels of development. The population of the ASEAN countries is consistently and rapidly increasing. Keeping in mind the rising population, the agriculture sector played a significant role in gathering their requirements, as agricultural goods added a significant share of both total exports and imports of goods in some AMS. The AMS with the highest proportion of agricultural goods in their total goods exports in 2017 were Myanmar (32.3 %), Indonesia (21.7 %), and Lao PDR (28.8%). While the share in these three AMS, and to a lesser extent in the Philippines, increased between 2010 and 2017, it tended to decline in Malaysia and Vietnam during the same period. Furthermore, the agricultural share of goods exports was about 10% or less in Malaysia (10.0%), Singapore (2.8%), the Philippines (8.8%), Cambodia (5.2%), and Brunei Darussalam (0.2%). It has been shown that agricultural goods accounted for 15.1 % of total goods imports in Brunei Darussalam in 2017, followed by Myanmar (14.8 %), Philippines (12.1 %), and Indonesia (11.2 %) and Lao PDR (13.3 %). Singapore's share of the lasting AMS was only 3.7 % in 2017 (Jakarta, 2018). Along with the significance of agriculture, the share of the services sector has improved in recent years, while the shares of both the manufacturing and agriculture sectors have decreased (Jakarta, 2018). In 2017, the services sector growth accounted for almost 50.9% of the region's total GDP, increased from 46.6 % in 2005. The manufacturing sector added almost 36.8 % of the ASEAN total GDP in 2017, which decreased from 39.7 % in 2005), although the agricultural sector added only one-tenth of ASEAN of the total GDP in 2017, which decreased from 12.8 % in 2005 (Jakarta, 2018).

Along with the declining share of agriculture in the international market, ASEAN agriculture has a number of internal and external challenges in modern times. Rural areas' socio-economic and cultural growth depends on agriculture and the agriculture bioeconomy complex, and the outer procedures of globalization and worldwide integration remain crucial for both of them. The various authors also recommended in their studies that the transition of bioeconomy for agriculture and agribusiness is very important for long-term survival globally (Saardchom, 2017; São Simão, 2019). Even if globalization has a life of its own, as a newly admitted member of the ASEAN union, does not have the ability to influence national institutions or authorities, it does have a few, but limited, options for influencing the development of the ASEAN Union (São Simão, 2019; Yean, 2019). If you want to have an impact on the form of familiar Agricultural Policy as well as additional vital Community strategies in place of agriculture and rural regions, you could do so by voting for or against candidates is explained by Von Rintelen et al. (2017) and Sanz-Hernández et al. (2019). Furthermore, this is also possible to enhance an innovative development theory, such as bioeconomy, through a variety of procedures of support as well as planned development platforms, which are made possible by these policies (Wyse, 2011; Saardchom, 2017; World Integrated Trade Solution, 2021). Bioeconomy is a concept that extends well beyond the borders of agriculture as well as agribusiness while remaining heavily reliant on these sectors. The objective of the current study is to elaborate on the development conditions, occurrence forms and bioeconomy transition outcomes development process with special attention paid to all the challenges for economic policy of the state that presents this process. The paper was written after reviewing comprehensive scientific literature, various official documents from the ASEAN countries and several other international organizations, and the own observations of the authors. The study could contribute to helping other economies know about the importance of bioeconomy transition that could help to increase the employment, value added products, and turnover. This increase could help to any economy along with social and economic perspective to decrease the poverty level and unemployment. Moreover, the study could also help researchers to know about the importance of this topic as a new area of research in the future. The findings of this study could also help all agriculturist countries where the main area of contribution to the economy is agriculture for their long-term survival.

ASEAN economies are belonging to the upper middle-income class and their GDP growth rate is not matched with developed countries and economies (Elistia and Syahzuni, 2018). These countries are still faced with social and environmental problems that create a serious threat to the well-being of the common public and economic growth. The prominent reason behind the issues is low biological development that is unable to balance the climate, higher emission of wastages, and hazardous elements produced by economic activities (Siman et al., 2021). For this purpose, the current study contributes by paying attention to these problems and issues by employing the transition in the bioeconomy concept. More specifically, the objective of the study is to explore the role of agriculture and agribusiness in the bioeconomy transition from a traditional economy. The current study intends to explain the impact of biomass, wastage, and fossil fuel transition for developing energy resources in ASEAN economies. Current study will determine developed economies where a highest portion of waste, Biomass and fossil fuel transfer into biological and renewable energy resources are considered as the biological economy or bio-economy. Hence by the utilization of efficient technological process related to energy production unable to protect environment, enhanced climate stability and preserve the natural resources by making progress in the agriculture and agribusiness sector.



Theoretical underpinnings

Bioeconomy transition is defined as the technical shift in the social system that requires the fundamental restructuring for societal development based on specific changes in technology, society, state, and market (Ingrao et al., 2018). In the analysis of bioeconomy transition, various methods and frameworks have been employed in the literature. Most of the theoretical framework originate from the innovation field. Previous studies found that research on innovation helps us better understand the emergence of sustainable bioeconomy and consumption practices as well as the formulation of policies and regulations to shift away from unsustainable bioeconomy (Diakosavvas and Frezal, 2019). In the development of bioeconomy, transition studies extensively explained the process of innovations. For this purpose, the current study highlighted the importance of technical knowledge that is very crucial and specifically required for the protagonist of bioeconomic transition.

According to Awasthi et al. (2020), sustainability in bioeconomy demands the transformation of technology that is efficient to socio-economic development. Distinct theoretical frameworks of the bioeconomy transition required intensive discussions on the conceptual approaches. In such situations, it is necessary for contributions of study in the literature to be followed by the application of conceptual approaches to assess the strategies and identify the possible changes required for a complete system transformation simultaneously overcoming the barriers during the application of new system (Gottinger et al., 2020). Transition theory postulated a long-term transformation in the economic, social, cultural, and technical changes in society. The theory believes in an evolutionary view of innovation with respect to dynamic changes in the environment (Van den Bergh et al., 2011). The most prominent methods and approaches applied in the transition of systems include multi-level perspective, niche management, transition management, and innovation systems based on technology (Weber and Rohracher, 2012). Previous studies founded effective policy-making which demands functional and structural analysis. The process of transition management is employed for better problem-solving and coordination as well as for strategic policy-making. Scholars of transition management mostly focus on the transition process and vision of effective change. According to Loorbach and Rotmans (2010), transition management research and academic scholars take the advantages of transition management model that is often called transition management cycle. The model includes three characteristics: problem-solving, developing an agenda on the transition, and application and evaluation of the experiments. A short discussion on transition management and various analytical approaches suggests different conceptualizations for system transformation and tackling their barriers. Summing up the above discussion found that criteria for judging a specific analytical framework based on the nature of transition problems. In the current study, our objective is to contribute to the understanding of bioeconomy transition in agriculture and agribusiness supported by the existing theoretical framework based on transition studies.



Agriculture and agribusiness structure of ASEAN economies

In the international literature, there are very few studies that conduct comprehensive bioeconomy analyses at the ASEAN level. Comparing one country (often India) to the ASEAN countries is a common theme in related articles. Between 1990 and 2007, Chandran (2011) used the trade intensity index to examine trade between India and the ASEAN region and found a comparative advantage. As per his results, most major ASEAN agriculture bioeconomy producers had a comparative advantage in the production of both agricultural and food items, including “Vietnam, Thailand, Indonesia, Malaysia, and the Philippines” in decreasing order. While most ASEAN countries showed competitiveness in fish and fish products, it was lower than India's (Chandran and Sudarsan, 2012). It was a major factor in the fact that even with a tariff reduction, imports of marine products did not increase significantly. Reyes (2014) found high indices in the agriculture bioeconomy sector in the ASEAN-6 countries excluding Singapore and Brunei within the decade of 2007 and 2011, using the Balassa and Lafay indices as a basis. On the other hand, Indonesia has the greatest comparative advantage when it comes to prepared edible fats (such as margarine) and animal or vegetable waxes. In Malaysia and the Philippines, this product line had a significant comparative advantage.

Modern activities in the agriculture sector of the ASEAN countries are still in the developing stage due to the internal and external factors affecting the economy. External factors such as internationalization and globalization are considered the main and important factors in the development of agriculture. ASEAN countries still required industrial, social, and economic development and development in agri-food complex (Chopra et al., 2022). While globalization is an autonomous process and is unable to control and shape by National or local economic authorities. ASEAN still required huge support for industrial development and policymakers must formulate programs and regulations which are able to concepts building in bio-economy transition.

In general terms, bioeconomy can be perceived as a new analytical and cognitive concept, an emerging new complex sector of the economy, a trans-sectoral form of analysis, and a new application of previously known development concepts of agriculture and agribusiness (Adamowicz, 2020).

Other researchers, Kea et al. (2020) found that the competitiveness of Cambodian rice exports was increasing, but that these values were lower than those of the country's major competitors, based on relative export competitiveness and relative symmetric export competitiveness. To keep this competitiveness, the authors emphasized the significance of managing domestic supply and demand. While Suntharalingam and Othman (2017) found that Malaysia had comparative advantages over some of its rivals in the selected commodities, they also found that innovative technologies were needed to tailor the products to the market's specific needs (bananas, watermelons, papayas, pineapples, starfruits, and mango). Except for nonfrozen shrimp, the shrimp industry in the years 1999–2009 showed a comparative disadvantage (Khai et al., 2016). As Khai et al. (2016) also discovered, Thailand's shrimp industry is highly competitive in the global market. RXA, RTA, ln RXA, and RC were used by Benalywa et al. (2019) for the Malaysian broiler industry between 2009 and 2017. A number of countries were included in this study to see how these results stacked up against each other. Their findings showed that the performance of countries differed depending on which subgroup. According to Zhang et al. (2019), Myanmar has enormous agricultural potential, but realizing it will necessitate both policy changes and investments, particularly in the processing industry. The Thai tuna industry was highly competitive on the international stage from 1996 to 2006, but to be profitable, small farms must be merged (Kuldilok et al., 2013). According to Hoang et al. (2017), the RTA index for Vietnam found that in 2014, 27 agricultural sectors had a competitive advantage, such as wood chips, spice production, and rice, while 34 agricultural sectors had a competitive disadvantage. Convergence means an increase in the early competitiveness of the weakly competitive industries, while decreasing initial competitiveness. Various authors also recommended in their studies that the transition of bioeconomy has become a major part of agriculture and agribusiness in the ASEAN economies (Wyse, 2011).



Basic characteristics of asian economies

As a result of the agricultural sector's contribution to total export and import, its importance could so be assessed (Figure 1). No general trends in export or import share could be found when looking at all-time series data together Myanmar had the highest percentage of agricultural exports in 2019, followed by Indonesia (19.2%) and Thailand (15.2%). However, it is interesting to note that this figure was significantly lower than the global average for a major producer like Vietnam (9.9%). Agriculture and food products account for 15% of Laos' total imports, with the Philippines and Myanmar coming in second and third, respectively (12.4 and 12.0% in that order). Similar results have been proved in Malaysia (Pek and Ee, 2022).


[image: Figure 1]
FIGURE 1
 The agriculture export share in the total import and export of ASEAN 2019 (World Integrated Trade Solution, 2021).


Figure 2 shows the trade balance for the ASEAN countries studied as an indicator of agricultural performance. There is a trade surplus between Thailand and Indonesia of over 20 billion USD and nearly 14 billion USD for Vietnam, as shown in Figure 2. The other countries with a trade surplus are Malaysia, Myanmar, and Singapore. Although Singapore's agricultural sector is negligible, the country was able to achieve a value-added trade surplus. It is a sure sign that something has been done to make it more valuable. Exports outweighed imports in six of the ten countries examined overall. Overall, the trade surplus is 39.2 billion USD.
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FIGURE 2
 The ASEAN economies trade USD billion (World Integrated Trade Solution, 2021).




Economic resilience and evolution in the ASEAN region

Beyond establishing regional stability, ASEAN's primary goal was to integrate the economies of its member states. The adoption of the ASEAN Economic Community (AEC) Blueprint in 2007 and the formal establishment of the AEC on December 31, 2015, were important ASEAN milestones. One market and production base, competitive economic region, equitable economic development, and integration into the global economy are the four pillars of the AEC Blueprint 2015 initiative (Viswanathan and Anbumozhi, 2018). Among these interconnected pillars are the elimination of trade tariffs, free movement of goods, services, and investments as well as the development of a coherent external economic relationship and enhancing sharing in the global supply network, as well as the establishment of a common framework, standards, and cooperation across several fields (Viswanathan and Anbumozhi, 2018). Various researchers mentioned in their studies that the revolution in the economy could be properly addressed in the ASEAN economies by addressing the proper transition in the bioeconomy (Wyse, 2011) because the transition has become a major part of the nation that could increase the social contribution both in the value-added and employment perspective (Von Rintelen et al., 2017). Therefore, the transition of bioeconomy had become a major factor across the world. The next section describes the transitions of bioeconomy from the theoretical and empirical perspective.



The essence of and new approaches for the transition of bioeconomy

Originally developed in the 1970s, the sustainable development idea is constantly being broadened and altered to meet the ever-changing conditions and demands of society. Today, sustainable development encompasses three primary categories, just as it did when it was first proposed: economic, social, and environmental considerations. According to Chcialowski et al. (2016), it is quantified in the ASEAN Union through numerous indicators drawn into 10 thematic categories. The assessment of the long-term viability of development increasingly emphasizes the issues of the reduction of fossil fuels as an energy source, as well as the necessity to move in the renewable energy foundations and the repurposing of waste materials. Biomass is a renewable energy resource that could be utilized for making fuels as well as an extensive range of other goods. It is the most widely used renewable energy source in the world. Manufacturing these items will be achievable by a variety of physio-chemical and biotechnological approaches, ranging from genetic technologies to nanotechnology as well as synthetic biology, among other approaches (Adamowicz, 2020). While looking into these concerns, particular emphasis is placed on possible means of restraining economic development and growth. The notion of bio-economy is introduced here, which could be regarded as a subset of biological resources, for example (production based on biological resources) and therefore a subset of biological processes (utilization of the biological procedures for the creation of goods and services) (Ratajczak, 2013).

Bio-economy could be examined in place of as an innovative method of thinking about economics, a growing economic sector, a cross-sectoral approach to exploration, in addition to an innovative approach to thinking about agricultural and agribusiness growth (Adamowicz, 2020). The original concept of bioeconomy is an analytical and cognitive concept in economics, rather than a theoretical one. Scientists and practitioners could carry out research in a way that is aided by a better understanding of the scope, nature, and relationships between components. This approach highlights the expansive, changing sector of the modern economy known as the bioeconomy, which employs biological resources in the production of food, industrial goods, and medicines. These include biotechnologies as well as bioprocesses that are applied in fisheries, aquatic cultures, forestry, and agriculture.

A new sector called the bioeconomy is expected to rise to address different problems of sustainability. There is a bipolarization of the economic processes is the basic concept of bioeconomy, and it is also the most widely used term. In a sustainable manner, non-renewable resources are substituted with renewable biological resources. Bioeconomy is thus a novel systemic innovation, an alternate economic model that functions outside of the current system. The bio-economy has three aspects, including: utilizing innovative genetic knowledge as well as complicated cellular procedures; the creation of new industrial methods and goods using this information; and the use of biotechnology in a variety of sectors (Leitão, 2016). Using a third perspective, bioeconomy is seen as a set of smart measures that may be used as a part of the strategic formation including transdisciplinary funding of research and scientific activities, as well as the utilization of intellectual resources. In addition, the main objective of the current research is to indicate bio-economy as a wide and speedily increasing sector of an economy that incorporates biological resources, like live beings, bio-technologies, bio-based goods, as well as bioprocesses, into an economic procedure for the purpose of making product or service. Bio-goods are produced in a number of sectors, including fisheries, forestry, aquaculture, agriculture, too other industries, besides they are employed for a variety of uses beyond the provision of food. The bio-economy could provide renewable resources in place of non-renewable resources. This means food, fuel, chemicals, pharmaceuticals, and other items could be made while recycling trash and capturing carbon dioxide. By doing this, a circular economy is created, where economic development is ecologically sustainable.



Theoretical foundations of transition of bioeconomy

The transition of bioeconomy could be characterized as an economy that depends on biological and renewable resources for manufacturing, chemicals, and energy (McCormick and Kautto, 2013). To create a transition in the bio-economy is a bio-based action, and biological resources are used which are used to get the necessary biological materials. All of these remain in thermos-chemical, biochemical, and mechanical manners. Moreover, other crops, bushes, plants, trees, as well as plantations are just the beginning of the resources that could be utilized: aquatic plants, algae, major waste as well as residue, after that secondary waste residue and waste, furthermore the waste and residue left over after a generation. By employing the biomass inside of economic processes, chemicals, food, bio-based items, feed, cosmetics, liquid fuels, thermal energy, and pharmaceutical goods could be produced and used. This term was gradually established by J. Enriquez and R. Martinez, who first introduced the idea of bioeconomy in 1997, and then the ASEAN and OECD gave official interest to the idea. Following the initial interest in 2005, there were multiple new definitions created in numerous locations, from 2005 to 2009. Following this, the ASEAN Commission put forth more refined definitions in the period between 2010 and 2012.

These definitions haven't lost their usefulness, but they have been updated to include new aspects. This new development stresses the importance of the circular economy concept. Diverse scientific institutions, international organizations, and national governments all added to distributing the various definitions of bioeconomy by formulating national bio-economy development policies. According to Enriquez and Martinez, bio-economy is defined as any Economics derived from scientific investigation and/or activity needed to understand processes and mechanisms there at the molecular genetic level, as well as their application to industry applications (Martinez, 1998). As biology and biotechnology began to make gains, we started exploring the idea. Later, the relationship between bioeconomy and the natural environment, also known as eco-development, as well as sustainable development, came to light. The ASEAN Commission's Directorate-General for Research defined bio-economy as the sustainable, environmentally efficient integration of sustainable assets toward food, energy, as well as other industrial goods in a definition published in 2005 (Cichocka et al., 2011).

In order to achieve the ASEAN bio-economy goals, the research of Von Rintelen et al. (2017) broke decreased the term bio-economy into the generic technologies that make up the three core areas: life sciences, agriculture, and industry (Table 1). On the other hand, bioeconomy remains described as the use of biological materials for the production of bioenergy or bio-chemicals, as well as new forms of land-to-sea procedures for the purpose of creating public goods. It also includes materials that were previously considered waste (Levidow et al., 2013; Gladkykh et al., 2020). The ASEAN countries' position in the formulation of policies is part of their definition of bioeconomy, which they defined in 2006. A bio-productivity definition, according to the group, is defined as the overall collection of financial activity inside a society that exploits that latent value inherent within biological goods or processes in order to obtain new growth as well as welfare advantages for individuals and groups (Kamal and Dir, 2015; Dietz et al., 2018). The study of Linser and Lier (2020) concludes that bio-economy describes a new approach to creating goods using life science knowledge. It was therefore noted that biotechnologies constitute a significant factor in the economy, and hence bioeconomy could be considered a reality. According to the Publishing (2009), the concept of bio-economy is made up of three parts: the use of advanced genetic and cellular knowledge for product and process development, effective bioprocesses through the use of renewable biomass for sustainable production, together with the incorporation of biotechnological research for the implementation of the technology in many sectors.


TABLE 1 ASEAN bioeconomy.
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The Wyse (2011) findings stated that biotechnologies might fix many worldwide health issues as well as nutrition issues further it is also proposed they could assist in significantly altering the global economy over the next 30 years. Those countries with an already highly developed agricultural sector and advanced biotechnology, along with abundant natural biological resources, claim that “knowledge-based bio-economy” is in progress. on the other hand, the concept of bio-economy has come to be very popular inside the ASEAN Member States because of a conference held in 2007, during the duration of the “German Presidency of the ASEAN Union”, it was announced that the bioeconomy is made up of renewable biological resources that are converted into food, feed, and pharmaceuticals, as well as other bio-based commodities and services (Presidency, 2007). The statement produced at the meeting, which envisioned the future of the ASEAN economy, made it clear that biotechnology would be a major part of it by 2030. This publication especially indicated a significant enhancement in the share as well as significance in industrial production in ASEAN of so-called white biotechnology items (medicines, cosmetics) (McCormick and Kautto, 2013; Androniceanu, 2019).

During the period of 2007, the theory of bioeconomy remained moderately different and was little communicated. However, because of the efforts of ASEAN Union organizations, the concept gained widespread exposure from 2010 to 2013. As explained in the draft BECOTEPS in 2010 the term “bio-economy” refers to all industries that derive their goods from biomass; however, “Geoghegan-Quinn, the Director of ASEAN Commission”, defines it as the portion of the economy that produces investment and employment from development and processing, including the use of biological resources in an environmentally responsible way (Mariusz and Hofreiter, 2013; Zhao et al., 2022).

The ASEAN Commission issued a number of other documents in 2010 and 2011, each with different definitions of bioeconomy. One of the reports defines the bio-economy Biological production designs as well as natural ecosystems have been used in conjunction with natural materials to create production models that intake very little quantities of energy and generate no waste, because all waste resulting through one process has been used as a raw material in the next, and therefore is recycled back into the environment (Nebe, 2011). In 2011, the ASEAN Union used the term “bio-economy” to describe an industry that produces as well as processes renewable mass inside of a variety of goods as well as services, such as energy resources, food, industrial materials, and medical supplies. On the other hand, Mariusz and Hofreiter (2013) have produced a wide range of definitions for the bio-economy. This collection, which was later built upon, is shown in Table 1. The ASEAN Commission's definition, which was produced in 2012 to support a strategy for utilizing renewable biological resources within diverse economic sectors, is the most detailed and most thorough. This description states that bio-economy is comprised of renewable biological resources in their use of industrial goods, feed, food goods, as well as bioenergy, which would be constructed on agronomy, ICT, biotechnology, food sciences, forestry, food, paper production, agriculture, fishing industry, cellulose, ecology, social sciences, and nanotechnology, along with aspects of the chemical, biotechnology, energy, and transport sectors (Commission, 2012). In addition, bioeconomy is now generally accepted as a key component of the human-environment system and is widely viewed as having the ability to help restore ecosystems, natural resources, green growth, faster innovation, and make development that incorporates health as well as social factors. Because of this, it is essential to examine bioeconomy as a sustainable way to employ organic renewable properties to develop the goods which fulfill the demands of the current group while leaving future generations with the potential to meet their own needs as illustrated by Wiseman et al. (2022). Bioeconomy, therefore, must be defined by sustainability, since it could have environmental protection, competitiveness, job creation, food security, and a long-term focus on human welfare as well as health. In 2018, the worldwide Bio-economy Summit showed how bio-economy contributes to sustainable economic development (Adhikari et al., 2018; Pan et al., 2021).



The scope and size of bioeconomy transition

Different countries and economic sectors have varying views on their bioeconomy transition. However, it is cross-sectoral. It doesn't matter what industry you are in, you could think about the potential for innovation and the associated economic benefits, as well as the inherent risks that come with it. The bioeconomy necessitates the assistance of institutions set up around the world with the specific purpose of supporting it. Manufacturing in the bioeconomy transition uses biomass that is obtained from mechanically processed plant and animal resources or biochemically or thermo-chemically processed. In addition to trees, shrubs, crops, and plantations, other waste and residues like algae and aquatic plants, primary waste and residues, secondary waste, and residues, and succeeding generations of waste and residues are used. Thermal energy, liquid fuels, chemicals, bio-based goods, and pharmaceuticals could all be produced using biomass in economic processes (Abdullah and Azam, 2020).

Biological and technological advancements are critical for the future of the bioeconomy because it is built upon historical economic realities and has no clear path forward. Agriculture, processing, fisheries, and forestry the processing of biological raw materials made up the bulk of the bioeconomy's preindustrial output. Today, the bioeconomy encompasses a broader range of activities than just resource management, including processing, industrial production, transportation, trade, and consumption, all of which are intertwined with scientific research and development. For example, to build a circular economic system, items produced from primary biomass in the bioeconomy transit through processing sectors, trading, and distribution channels, and finally reach final consumers as food or biomaterials (Gołȩbiewski, 2013). Creating and applying knowledge and innovation connects these three components: distribution, processing, consumption, and biomass production.

As a renewable resource, biomass is the basis for the bioeconomy's activities, which include the production of food, feed, biofuels, and consumer goods derived from biomaterials. A wide range of technologies, such as biotechnologies, mechanical techniques, chemical processes, and physical processes, are critical in the conversion of biomass into more sophisticated and refined goods. There are three ways to look at the bioeconomy: microeconomically, mesoeconomically, and globally. Companies could specialize in a wide range of products and services associated with living organisms, both for ingesting and for use. Regions have the option of selecting bioeconomy as a top smart development specialization focus. There is great potential for innovation in the bioeconomy sectors and industries because they are built on technical knowledge, toned industrial technologies, and latent local knowledge. The use of resources sustainably and rationally, employment, and the production of domestic products are critical for a country's economy.

The value-added, employment, and turnover are depicted in Table 1, showing the 2019 bio economy of ASEAN. The value of the commodities' production which were being sold, linked to bioeconomy in ASEAN was being predicted at USD 2079 trillion in a year at second decade start of the twenty-first century, and it reached at USD 2400 in 2019. The Employment rate in the sector fell from 22 million in 2010 to 18 million in 2019, which accounts for 9-10% of the labor resources which are used during the economy. Agriculture accounted for almost 55% of the bioeconomy employment in 2010, along with the food industry which accounted for 20% and the forestry industry which accounted for ~14%. Therefore, it is possible that agricultural employment's unique effects on value added and also turnover are not considered to be fully accounted for in the industry's overall impact; a significant portion gets carried to other industries and becomes apparent in the food and other items production outer the agricultural sector. Rendering to the table, the agriculture segment still employs more than half of all the bioeconomy workforces, creates 28% of value added, and accounts for 16.5 % of the total turnover. In addition, food and beverage industries generate 50% of total bioeconomy turnover, 25% of total employment, and 38% of total value added. The chemical, plastics, and pharmaceutical industries employ a small percentage of the workforce and generate 8- 9% of the turnover and the value added. Within 2008 and 2019, the ASEAN bioeconomy's turnover increased by USD 141 billion, or 6.8%. The growth of food production drives the growth rate of bioeconomy's turnover, which was ~9.3%. The turnover of liquid fuels, plastics, pharmaceuticals, and biochemicals demonstrated the faster growth rate. Singapore (18%), Vietnam (15%), and the Philippines were the most significant countries subsidizing the turnover of the ASEAN bioeconomy. Furthermore, Malaysia and Thailand were not at significant positions.

In addition, the sector's relevance for bioeconomy growth, as well as the quantity of human assets, must be assessed (Gladkykh et al., 2020). More than half of all bioeconomy workers are employed at the ASEAN level (Gladkykh et al., 2020). Agriculture's importance and potential vary depending on the size of the country. The number of agricultural workers as a percentage of all bioeconomy workers in a country reflects this variability (Waramit, 2012). In the analyzed years, the increasing share was the highest in Singapore, with a 5.07% positive change. Agriculture in each of these countries accounted for more than 60% of all workers in the bioeconomy. In the 10 member states of the ASEAN a decrease in this share could be observed (Table 2). The largest drop in employment in agriculture in 2008–2017 took place in Malaysia (10.14%), Laos (19.57%), and Thailand (8.71%). While, small number of employment in Vietnam (0.76%), Myanmar (0.18%), Indonesia (2.09), Philippines (4.43%) are increased. As a result, this mostly refers to new member states embarking on the path of development. According to Borucki et al. (2011), agricultural employment declines as the level of socioeconomic development rises. He observes that economic development first results in a decrease in the role of agriculture (as a primary sector), which is replaced by a growing role of industry (secondary sector), and then in a decrease in the role of agriculture and industry due to the growing importance of the services sector. Godlewska-Dzioboń (2020) agrees, claiming that agriculture is still an important sector of the economy. However, structural changes are characterized by high dynamics of employment, production, and productivity in sectors that use advanced technologies, participate in the innovation network, and invest in intangible assets.


TABLE 2 Agriculture shares of ASEAN economies.
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The decline in bioeconomy employment in Table 2 indicates a critical situation for the ASEAN economies. Various previous bioeconomies shares related strategies that were already developed. Prior to its 2017 revision, the ASEAN Bio-economy Strategy from 2012 advocated for maximizing the contribution made by this sector to the implementation of ASEAN's top policy priorities. Bioeconomy gives chances to meet development targets in areas such as sustainable usage of natural resources, economic efficiency, and competitiveness, as well as to ensure social stability, as was confirmed by this policy. An important part of the ASEAN economy is the bioeconomy, which employs more than 8.2% of the region's labor force and generates over USD 2.3 trillion in sales annually. In agricultural and remote areas, a large share of the new jobs predicted to be created by 2030 will be situated. There should be a strong emphasis on the creation of innovative new jobs by startups and other firms. Reduced conservatory gas tasks and a rise in the production and usage of renewable energy are both dependent on bioeconomy growth. According to current projections, bioenergy will make up 20% of the total generated energy capacity by 2020 and at least 32% of the total by 2030.

Research discoveries and innovation used to generate new and sustainable bio-based goods could help modernize and improve ASEAN's industrial base through a sustainable bio-economy (biofuels, bio-chemicals, bio-packaging). As a result, fossil fuels will be more easily replaced in a variety of industries and construction projects, and pharmaceutical, textile, food, and other businesses will have access to numerous new intermediates. Demand for industrial biotechnologies is expected to more than treble in the next decade, according to industry predictions. Creating a circular economy, where waste, leftovers, and rejections could be turned into usable products, will be a major priority. In the year 2030, 65% of municipal waste will be recycled, and 75% of packaging waste will be recycled. As a result, less waste will need to be landfilled, with the overall weight of waste reduced by 10% at most. Landfilling of segregated trash will also be restricted in the future. Reduced negative environmental impact of product life cycles will be facilitated by the growth of the circular economy. Families and small and medium-sized companies will have a significant impact on this. ASEAN governments should prioritize the protection, repair, and support of healthy ecosystems, as well as the encouragement and acceleration of the adoption of circular economic models. All tools and policies, as well as synergies with other ASEAN and national funds and instruments, comprising by way of the Common Agricultural Policy, and implementing supporting investment processes, must be made available as part of this strategy.



Different challenges and opportunities associated with transition to bioeconomy

The development of the ASEAN bio-economy concept has grown in popularity during the previous three decades. It remained a topic of discussion in the white paper which was released in the 1993 in which this issue was released. It underlined the necessity of knowledge-based investments, especially those in biotechnologies. According to the ASEAN Commission's findings in 2002, life sciences and biotechnologies provide the highest promise for attaining the 2000 Agenda's ASEAN strategic goals. New potential for bio-economy development was described by the ASEAN Commission in 2005, and the ASEAN Council outlined a 20-year bio-economy development plan in 2007 (Saardchom, 2017; Lewandowski, 2018). An ASEAN futures paper was linked between 2010 and 2012 to the sustainable bio-economy concept. Smart, sustainable, and inclusive growth is the goal of this plan in 2010. According to the 2012 report titled “Innovating for Sustainable Growth: A Bio-economy for ASEAN,” sustainable strategies to utilize renewable biological sources in many economic sectors were offered. A research program published at the same time addressed the need for public monies to finance bio-economy and innovation research (Gladkykh et al., 2020). A bio-economy idea was developed between 2010 and 2012 as part of the ASEAN's overall strategy to solve today's concerns. One of the key strategic objectives is to move the economy away from its reliance on fossil fuels and toward the complete usage of the resources of renewable energy as well as materials through integrating the procedures of findings, civil societies, states, and economy (ETP, 2010).

• Accelerating fundamental knowledge, generating innovative technologies, and absorbing innovation. Stepping up efforts in research, education, and implementation will help. Enterprise growth and the building of network systems could both be critical in this situation.

• A framework for managing risks and implementing international collaboration must be developed and implemented.

• In order to ensure that progress continues, we need to lay a solid basis through developing research programs, encouraging innovation, and enhancing market efficiency.

• Getting the bio-economy concept widely accepted and socially supported for implementation and improvement throughout time.

An expert team from the “Standing Committee on Agricultural Research” (SCAR) existing a study on March 19, 2019, in which they indicated that bioeconomy has the ability to report concerns like food safety, sustainable organization, and minimizing reliance on nonrenewable resources. Furthermore, additional bio-economy difficulties were identified, including the requirement for effective raw material control and continuous recycling from the source to the final waste treatment and disposal, as well as building hierarchies and implementing cascading principles in the biomass processing chain. Sustainability, innovation, and engagement in activities aimed at putting these ideas into action should all be emphasized in development strategies, according to all these elements. Consequently, the bioeconomy has emerged as a key topic of ongoing practical concern for several ASEAN bodies and has been associated with various national and community policies adopted by the Member States. A sustainable bio-economy for ASEAN improving the link between economy, society, and the environment was published in 2017 by the ASEAN Commission as a form of summary of the current successes and a hint of future development paths for various ASEAN bodies (ASEAN, 2018; Global Bioeconomy Summit, 2020).

The 2017 strategic review enhanced and expanded the transition to bio-economy field, which includes an October 2018 update (ASEAN, 2018). A bio-economy's new role will mainly demonstrate in the following categories: among the most essential means of attaining ASEAN developmental goals, procedure for enabling a bio-potential, economy's area for resource efficient bio-economy operation, the strategy for rapidly implementing local bio-economies inside of Member States, as well as understanding the environmental limits of bio-economy. The update to the Bio-economy Development Strategy in 2017 highlighted the significance of five initially stated goals: ensuring food security and nutrition, preserving natural resources responsibly, decreasing reliance on non-renewable resources, trying to mitigate global climate influences as well as modifying it, and enhancing ASEAN competitiveness via employment generation and development of new industries.

One of the initial strategic goals was achieved because agriculture, food manufacture as well as supply systems account for around 3/4 of total bioeconomy employment and about 2/3 of total turnover. As population trends, eating practices, and consumption patterns shift, a deficiency of rationale inside biomass management, as well as an increasing problem with waste and climate change, ensure that the long-term operation of these systems presents numerous challenges. Human resources must be rationalized while the transformation to sustainable and healthful eating, food production, and management systems that are low in resource consumption and circular in production is accelerated. Rural inhabitants will be able to earn more, and social exclusion will be reduced as a result of improved utilization of by-products or waste in bio-based product manufacturing. Sustainability in the use of natural resources is a top priority. Unfortunately, ecological degradation persists despite efforts to rectify it. Securing ecosystems that produce food and water is very important. They also need to be strengthened because of climate change. The challenge of reducing gas emissions and removing carbon from the atmosphere is critical. The conservation of biodiversity and the improvement of the production of healthy ecosystems necessitate constant attention, notwithstanding the repression of some negative tendencies. For this, it is necessary to develop monitoring systems and forecasting of natural resource conditions (Abdullah and Azam, 2020).

To reach ASEAN's energy and climate commitments, it is essential to reduce reliance on nonrenewable resources, regardless of where they come from. This is generally done by utilizing biomass. Plants, plant fractions, manufacturing process leftovers, and garbage all go toward making biomass. It is possible to categorize biomass according to where it comes from (land or sea), how it is produced (forest or agricultural), what it contains (humidity, biochemical makeup), and how it will be used (energy, food, chemicals, materials). Food, industrial goods, and energy are all made with the help of agricultural raw materials, which are a primary source of biomass. Agricultural biomass output in the ASEAN region is estimated to 817 million tons of gasping substance, with major products making up 53% of that and residues making up 47%. Waste and primary products from agriculture, which is essential to the functioning of the food market, are being used to produce bioenergy, which is becoming increasingly vital. Biodiesel output has significantly expanded over the past two decades, reaching 156 billion liters in 2017. ASEAN agriculture's overall biomass production has increased marginally during the last two decades (Marcinek and Smol, 2020). The ASEAN region's energy mix is predicted to include more bioenergy sources by 2030. To achieve this, a few things will be necessary: the biotechnology sector must be strengthened, industry symbiosis must be implemented, and bioprocess innovations must be implemented in industries that are exposed to greening processes. Creating new innovative products in a range of industries should be performed as part of this circular economy to reduce trash generation generally (Abdullah and Azam, 2020).

The current generation faces major problems in justifying the influences of climate change as well as adapting to it. ASEAN also prepared significant assurances toward reducing greenhouse gas releases; this will only be achieved if a circular bioeconomy is implemented. Novel crops that improve soil carbon sequestration could be introduced to help achieve this goal. The ASEAN's competitiveness and job creation are two important policy objectives in the implementation of the bio-economy program. An important focus of this chapter is the implementation of innovations and the establishment of standards and regulations for the bio-based product market, as well as energy policy, energy prices, and carbon allowances. It is the goal of all of these initiatives to transform the ASEAN sector and make it more globally competitive. As a tool for enhancing regional policy efficacy, the bioeconomy could be used to promote the territorial cohesiveness of outlying regions while also serving as a stimulant for the growth of local systems in rural areas. As a result, the bioeconomy is becoming an increasingly significant tool for achieving the needs indicated in the Strategic Plan for 2016.



Different action areas for sustainable transition of bioeconomy

The five objects that were engaged from the 2012 strategy, the bio-economy strategic plan was updated in 2018. The three main action areas that were added are as follows: strengthening and developing as well as scaling up sectors that use biotechnologies, fast placement of local bio-economies throughout ASEAN and trying to protect the ecosystem by a proper understanding of environmental limitations in bio-economy (Kamal and Dir, 2015). Institutional solutions and Horizon 2020 research, as well as initiatives to stimulate innovation, are the foundations for the above-mentioned proposed actions. To provide trade-offs between competitive biomass use and the effective achievement of various policy objectives, the undertaken plan covering several areas as well as policies relevant to the bioeconomy and facilitating coherence and synergies was designed on a global scale. With a budget of USD 100 million, six measures have been identified under the first area: formation of the targeted financial appliance in the procedure of bio-economy circular investment stage to implementing innovation with minimal risk; the establishment of a standard-setting system and Labe (Gladkykh et al., 2020).

Fast deployment of the local bio-economies inside of ASEAN associate countries was given top priority by the ASEAN Commission. Biomass generation and waste utilization have huge untapped potential in Malaysia and Thailand in particular (Saardchom, 2017). A lasting idea of sustainable and circular approaches for using and scaling up the bioeconomy will be provided, together with the agri-food, forestry, land, marine systems, aquaculture, and wood items sectors organized in various conditions, as well as processing industries. This will be done by the Commission through a strategic implementation program. In addition to rural and suburban settings, this production will also take place along the coast and in urban centers. It is now being prepared to launch five pilot projects, including one in a coastal area and four in agricultural areas, as well as one in 10 ASEAN cities and one in agroforests. The ASEAN transition bioeconomy policies promote the growth of a rural bioeconomy that benefits all residents. Cities will place a high priority on waste management utilizing emerging bio-economy technology. Numerous initiatives will be pushed to engross the carbon dioxide within the soils and reduce greenhouse gas emissions in the cattle industry, as well as reduce fertilizer use. “Living labs” will be developed as part of the Horizon 2020 initiative for testing and providing data for biotechnological advancements as well as information for study. Systemic, cross-cutting bioeconomy approaches demand novel educational forms and practical expertise acquisition in numerous stages of upper education, as well as the establishment of ties between the scientific community and business practice. Ultimately, this must lead toward a greater understanding of ecological possibilities, as well as limits of bioeconomy, and also establishment of a suitable monitoring system, as well as more data collecting and analysis, and themed databases of information.



Conclusion

As an industry, agriculture is always changing due to both internal and external influences. These influences originate both locally and globally while also having an impact on community policies and global processes. In addition to agriculture's shrinking economic role, the rural economy is becoming stronger with non-agricultural sectors, as well as constant business progress and technological development. The rural economy is becoming more dependent on collaboration through other agroindustry areas besides agricultural policies to provide protection as well as financial support. The social and family aspect of agriculture must be protected, rural degradation must be prevented, the natural and cultural environment's values preserved, and international competitiveness strengthened in light of these changes. Agriculture development and rural area functioning in ASEAN countries have become canonized according to sustainable development concepts that ensure a balance among social, environmental, and economic policies. For these consequences, the transition of bioeconomy has become a major part of the survival of any economy because it has been mentioned in the literature that bioeconomy agriculture system is a very important part of the survival of any country. It has been found that ASEAN agricultures sectors had been contributing a major part in the development of value-added products and employment. Moreover, the analysis results had also shown that transition of bioeconomy is considered to be an important concept in the growth of agriculture, forestry, agribusiness, and various other sectors producing and for use of the bio-based raw materials. It was further found that for getting a real bio economy opportunity, it is very essential that there should be a proper national and regional strategy for the development of bioeconomy in place and for the development of a proper design and proper management system at every level of sectors, enterprises and provincial systems. On the other hand, it is also found that the contribution of agriculture in the employment perspective had been increasing in the various countries of ASEAN economies except for Malaysia, Thailand, and Laos while the other seven countries of ASEAN economies have had a significant role in the development of employment in the agriculture. Therefore, sustainable development could be implemented using a wide range of ideas and methodologies. Therefore, the idea of the transition of bioeconomy holds enormous promise. The findings of this study contribute to the long term vision of the European Commission by completing the transformation of the agriculture sector into a bioeconomy. However, bioeconomy transition is limited because of the poor economic situation in ASEAN region.

In the theoretical sphere, it has been developed for over two decades and in the practical preparation and implementation for over 15 years, In addition, it has evolved into a brand new analytical and intellectual concept, as well as a multi-sector management area focused on biomass and different contemporary processing technologies, particularly biotechnologies with advanced materials and technology that makes usage awareness and collaboration with other parties (Chichaibelu et al., 2021). According to the bioeconomy, we should make the switch from a production-based economy to one that relies on renewable resources and environmental stewardship. A sustainably circular bioeconomy, focused on resource reuse, particularly of renewable resources, while avoiding waste output and negative externalities, is a particularly promising form of economics.

The growth of the transition of bioeconomy has the potential to give agriculture and other economic sectors with various environmental, social, and economic benefits. Benefits to the environment may include better use of resources, less wastage of materials and energy, and less emissions of pollutants and waste. Significant social benefits include greater employment, the activation of cross-sector cooperation, and a higher level of social need fulfillment. A reduction in non-renewable raw material usage, as well as lower input prices and energy savings, and improved production cycle management are all economic benefits. The growth of these production systems may also be plagued by problems and restrictions of a technological, organizational, social, or political nature. Competitors in building specialized production systems may face increased competition for resources (land, technology, bio-components, competencies), and new and unanticipated environmental problems may emerge. The introduction of new manufacturing systems demands the formulation of appropriate strategies, policies, and action plans, all of which must be supported by enough information. The ASEAN Bio-economy and Circular Economy Development Strategy was developed in advance and is regularly updated. National bio-economy strategies and plans have been created in dozens of countries around the world (Biber-Freudenberger et al., 2020).



Theoretical implications

The current study has numerous practical implications with a lot of contributions to the emerging literature on bioeconomy. This study explains the significance of transition in bioeconomy transformation from a typical economy with respect to economic, social, and environmental aspects in the lens of transition theory (Kirk, 1996). This study contributes to the literature by presenting the ideas and ways of fossil fuel, biomass, and wastage transformation from a typical economy into a bioeconomy, specifically in industrial and agribusiness. This study elaborates the impact of agriculture and industrial business, forest areas, fossil fuel, and wastage on development in energy production through transition management theory (Foxon et al., 2009). Previous studies focused on the specific contribution of agriculture in bio-economic development. However, the analysis of the current study has a great impact on the agri-business and industrial sector on the development of bioeconomy transition, specifically in the ASEAN countries with new contributions in the emerging literature. Hence the current study also has an empirical significance. This study has a significant contribution to the world economies irrespective of global market and industry location. Findings also provide a guideline for issues related to population and limited sources with respect to quantity and quality that ultimately enhance economic and domestic activities. By bioeconomy transition, the ASEAN region can balance their climate and environmental stability in their concerned regions. For this purpose, the current study provides recommendations to academic scholars for future research and to help policymakers in developing strategies and regulations related to transition in bioeconomy. In addition to its current study also provide recommendations to government agencies, environmental controlling bodies, and economists in efficient policy-making for sustainable economic development. This study also provides the guidelines for bio-economy development with the assumptions of protecting the global climate, environment, and natural resources while producing wastage and fossil fuel. Moreover, the findings also explain the ways of fossil fuel recycling by transitioning to bio-economy.



Future recommendations

Based on the above findings, the study could contribute to help to other economies to know about the importance of bioeconomy transition that could help to increase employment, value added products, and turnover. This increase could help any economy along with social and economic perspectives to decrease the poverty level and unemployment. Moreover, the study could also help researchers to know about the importance of this topic as a new area of research in the future. The findings of this study could also help all agriculturist countries where the main area of contribution to the economy is agriculture for their long-term survival. Along with these contributions, the study still had some limitations. The study was limited to the ASEAN economies which means that most of the countries are developing economies, while there are various other developing economies that have agriculture as the backbone of their contribution. Therefore a future study could be done on other developing or Asian economies to know about the importance of bioeconomy transition. Moreover, the study was limited to limited data while a future study could explore along with empirical findings results which could increase the generalizability of the study.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Conflict of interset

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Abdullah, M. A., and Azam, M. S. E. (2020). Halal industry in ASEAN: issues and challenges. Econ. Bus. Islam. Fin. ASEAN Econ. Commun. 2020:77–104. doi: 10.4018/978-1-7998-2257-8.ch005


 Adamowicz, M. (2020). Bioeconomy as a Concept for the Development of Agriculture and Agribusiness, 365.


 Adhikari, L., Lindstrom, O. M., Markham, J., and Missaoui, A. M. (2018). Dissecting key adaptation traits in the polyploid perennial Medicago sativa using GBS-SNP mapping. Front. Plant Sci. 9, 934. doi: 10.3389/fpls.2018.00934

 Aguilar, A., Twardowski, T., and Wohlgemuth, R. (2019). Bioeconomy for sustainable development. Biotechnol. J. 14, 1800638.


 Androniceanu, A. (2019). Social responsibility, an essential strategic option for a sustainable development in the field of bio-economy. Amfiteatru Econ. 21, 503–519. doi: 10.24818/EA/2019/52/503


 Asada, R., and Stern, T. (2018). Competitive bioeconomy? Comparing bio-based and non-bio-based primary sectors of the world. Ecol. Econ. 149, 120–128. doi: 10.1016/j.ecolecon.2018.03.014


 ASEAN (2018). “A community of opportunity for all,” in Information Development. Retrieved from: https://asean.org/ (accessed January 20, 2022).


 Asian Development Bank (2021). Economic Indicators for Southeast Asia and the Pacific December 2020 Input–Output Tables. (accessed January 1, 2022).


 Awasthi, M. K., Sarsaiya, S., Patel, A., Juneja, A., Singh, R. P., Yan, B., et al. (2020). Refining biomass residues for sustainable energy and bio-products: An assessment of technology, its importance, and strategic applications in circular bio-economy. Renew. Sustain. Energ. Rev. 127, 109876. doi: 10.1016/j.rser.2020.109876


 Babakus, E., Yavas, U., Karatepe, O. M., and Avci, T. (2003). The effect of management commitment to service quality on employees' affective and performance outcomes. J. Acad. Market. Sci. 31, 272–286. doi: 10.1177/0092070303031003005


 Benalywa, Z. A., Ismail, M. M., Shamsudin, M. N., and Yusop, Z. (2019). Revealed comparative advantage and competitiveness of broiler meat products in malaysia and selected exporting countries. Int. J. Bus. Soc. 20, 383–396. Available online at: http://www.ijbs.unimas.my/images/repository/pdf/Vol20-no1-paper24.pdf


 Biber-Freudenberger, L., Ergeneman, C., Förster, J. J., Dietz, T., and Börner, J. (2020). Bioeconomy futures: expectation patterns of scientists and practitioners on the sustainability of bio-based transformation. Sustain. Dev. 28, 1220–1235. doi: 10.1002/sd.2072


 Borucki, W. J., Koch, D. G., Basri, G., Batalha, N., Brown, T. M., Bryson, S. T., et al. (2011). Characteristics of planetary candidates observed by Kepler. II. Analysis of the first four months of data. Astrophys. J. 736, 19. doi: 10.1088/0004-637X/736/1/19


 Bracco, S., and Flammini, A. (2018). Assessing the contribution of bioeconomy to countries' economy. A brief review of national frameworks. Sustainability. 10:1698 doi: 10.20944/preprints201804.0185.v1


 Chandran, B. S., and Sudarsan, P. K. (2012). India-ASEAN free trade agreement: Implications for fisheries. Econ. Polit. Wkly. 47, 65–70.


 Chandran, D. (2011). Trade Complementarity and Similarity between India and ASEAN Countries in the Context of the RTA. Available online at: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1763299


 Chcialowski, M., Stolarczyk, P., and Tuka, P. (2016). Wyzwania biogospodarki wzgledem wskazników zrównowazonego rozwoju Unii Europejskiej. Roczniki Naukowe Stowarzyszenia Ekonomistów Rolnictwa i Agrobiznesu 18.


 Chichaibelu, B. B., Bekchanov, M., von Braun, J., and Torero, M. (2021). The global cost of reaching a world without hunger: investment costs and policy action opportunities. Food Policy 104, 102151. doi: 10.1016/j.foodpol.2021.102151


 Chopra, R., Magazzino, C., Shah, M. I., Sharma, G. D., Rao, A., and Shahzad, U. (2022). The role of renewable energy and natural resources for sustainable agriculture in ASEAN countries: Do carbon emissions and deforestation affect agriculture productivity?. Resour. Policy. 76, 102578. doi: 10.1016/j.resourpol.2022.102578


 Cichocka, D., Claxton, J., Economidis, I., Högel, J., Venturi, P., Aguilar, A., et al. (2011). European Union research and innovation perspectives on biotechnology. J. Biotechnol. 156, 382–391. doi: 10.1016/j.jbiotec.2011.06.032

 Commission, E. (2012). Innovating for Sustainable Growth: A Bioeconomy for Europe: Communication from the Commission to the European Parliament, the Council and the European Economic and Social Committee and the Committee of the Regions. Luxembourg: Publications Office of the European Union.


 De Besi, M., and McCormick, K. (2015). Towards a bioeconomy in Europe: National, regional and industrial strategies. Sustainability. 7, 10461–10478. doi: 10.3390/su70810461


 Diakosavvas, D., and Frezal, C. (2019). “Bio-Economy and the sustainability of the agriculture and food system: Opportunities and policy challenges,” in OECD Food, Agriculture and Fisheries Papers No. 136 (Paris: OECD Publishing). Available online at: https://www.oecd-ilibrary.org/docserver/d0ad045d-en.pdf?expires=1668686091&id=id&accname=guest&checksum=3EBDEEE8A85A9974C693E85D5D78A264


 Dietz, T., Börner, J., Förster, J., and von Braun, J. (2018). Governance of the bioeconomy: a global comparative study of national bioeconomy strategies. Sustainability 10, 3190. doi: 10.3390/su10093190


 Egberink, F., and Van der Putten, F. P. (2010). ASEAN and strategic rivalry among the great powers in Asia. J. Curr. Southeast Asian Affair. 29, 131–141. doi: 10.1177/186810341002900307


 Elistia, E., and Syahzuni, B. A. (2018). The correlation of the human development index (HDI) towards economic growth (GDP per capita) in 10 ASEAN member countries. J. Humanit. Soc. Stud. 2, 40–46. doi: 10.33751/jhss.v2i2.949


 English, W. H. (n.d.). World population. World, 103(127), 148.

 ETP (2010). Economice Transformation Program (1664-1078). Retrieved from: https://policy.asiapacificenergy.org/sites/default/files/ETP.pdf


 Foxon, T. J., Reed, M. S., and Stringer, L. C. (2009). Governing long-term social-ecological change: what can the adaptive management and transition management approaches learn from each other?. Environ. Policy Govern. 19, 3–20. doi: 10.1002/eet.496


 Gladkykh, G., Aung, M. T., Takama, T., Johnson, F. X., and Fielding, M. (2020). Policy Dialogue on a Bioeconomy for Sustainable Development in Thailand. Stockholm, Sweden: Stockholm Environment Institute.


 Global Bioeconomy Summit (2020). ASEAN Innovation Roadmap and Bioeconomy Forum in Conjunction with GBS2020. Retrieved from: https://gbs2020.net/official-partnerships/thailand-2/ (accessed January 20, 2022).


 Godlewska-Dzioboń, B. (2020). “Sectoral employment structure in central and eastern European countries compared to highly developed countries in the European Union,” in New Challenges in Economic Policy, Business, and Management, eds A. Ujwary-Gil and M. Gancarczyk (Warsaw: Institute of Economics, Polish Academy of Sciences), 85–105.


 Gołȩbiewski, J. (2013). Value chains within bioeconomy. International Scientific Electronic Journal Earth Bioresources and Life Quality Founded by National University of Life and Environmental Sciences of Ukraine (NUBiP of Ukraine) and Global Consortium of Higher Education and Research for Agriculture (GCHERA).


 Gottinger, A., Ladu, L., and Quitzow, R. (2020). Studying the transition towards a circular bioeconomy-a systematic literature review on transition studies and existing barriers. Sustainability. 12, 8990. doi: 10.3390/su12218990


 Hoang, V. V., Tran, K. T., and Tu, B. V. (2017). Assessing the agricultural competitive advantage by the RTA index: a case study in Vietnam. AGRIS on-line Papers in Econom. Inform. 9, 15–26. doi: 10.22004/ag.econ.263953


 Ingrao, C., Bacenetti, J., Bezama, A., Blok, V., Goglio, P., Koukios, E. G., et al. (2018). The potential roles of bio-economy in the transition to equitable, sustainable, post fossil-carbon societies: Findings from this virtual special issue. J. Clean Prod. 204, 471–488. doi: 10.1016/j.jclepro.2018.09.068


 International Advisory Council on Global Bioeconomy. (2021). Global Bioeconomy Policy Report (IV): A Decade of Bioeconomy Policy Development Around the World. The International Advisory Council on Global Bioeconomy (IACGB).


 Jakarta (2018). ASEAN Key Figures 201 (0972-7566).


 Kamal, N., and Dir, Z. C. (2015). Accelerating the growth of the bioeconomy in Malaysia. J. Commer. Biotechnol. 21. doi: 10.5912/jcb686


 Kea, S., Li, H., Shahriar, S., and Abdullahi, N. M. (2020). Relative export competitiveness of the Cambodian rice sector. Brit. Food J. 122, 3757–3778. doi: 10.1108/BFJ-12-2019-0950


 Kern, F., and Smith, A. (2008). Restructuring energy systems for sustainability? Energy transition policy in the Netherlands. Energ. Policy. 36, 4093–4103. doi: 10.1016/j.enpol.2008.06.018


 Khai, N. X., Ismail, M. M., and Sidique, S. F. (2016). Consistency tests of comparative advantage measures: An empirical evidence from the Malaysian and selected Asian shrimp products. Int. Food. Res. J. p. 23.


 Kirk, D. (1996). Demographic transition theory. Populat. Stud. 50, 361–387.


 Kuldilok, K. S., Dawson, P. J., and Lingard, J. (2013). The export competitiveness of the tuna industry in Thailand. Br. Food J. 115, 328–341. doi: 10.1108/00070701311314174


 Lakra, W. S., and Krishnani, K. K. (2022). “Circular bioeconomy for stress-resilient fisheries and aquaculture,” in Biomass, Biofuels, Biochemicals (Elsevier), 481–516.


 Leitão, A. (2016). Bioeconomy: the challenge in the management of natural resources in the 21st century. Open J. Soc. Sci. 4, 26–42. doi: 10.4236/jss.2016.411002


 Levidow, L., Birch, K., and Papaioannou, T. (2013). Divergent paradigms of European agro-food innovation: The knowledge-based bio-economy (KBBE) as an RandD agenda. Sci. Technol. Human Values 38, 94–125. doi: 10.1177/0162243912438143


 Lewandowski, I. (2018). Bioeconomy: Shaping the Transition to a Sustainable, Biobased Economy. Berlin, Germany: Springer Nature. doi: 10.1007/978-3-319-68152-8


 Linser, S., and Lier, M. (2020). The contribution of sustainable development goals and forest-related indicators to national bioeconomy progress monitoring. Sustainability 12, 2898. doi: 10.3390/su12072898


 Liobikiene, G., Balezentis, T., Streimikiene, D., and Chen, X. (2019). Evaluation of bioeconomy in the context of strong sustainability. Sustain. Develop. 27, 955–964. doi: 10.1002/sd.1984

 Lokko, Y., Heijde, M., Schebesta, K., Scholtès, P., Van Montagu, M., and Giacca, M. (2018). Biotechnology and the bioeconomy-Towards inclusive and sustainable industrial development. New Biotechnol. 40, 5–10. doi: 10.1016/j.nbt.2017.06.005

 Loorbach, D., and Rotmans, J. (2010). The practice of transition management: Examples and lessons from four distinct cases. Futures. 42, 237–246. doi: 10.1016/j.futures.2009.11.009


 Marcinek, P., and Smol, M. (2020). Bioeconomy as One of the Key Areas of Implementing a Circular Economy (CE) in Poland. Environ. Res. Eng. Manage. 76, 20–31. doi: 10.5755/j01.erem.76.4.27536


 Mariusz, M., and Hofreiter, K. (2013). “How to define bioeconomy?”. Roczniki Naukowe SERiA XV 2013:243–248.


 Martinez, J. (1998). Genomies and the world's economy. Sci. Mag. 281, 925–926. doi: 10.1126/science.281.5379.925

 Masud, M., Kaium, A., Nurunnabi, M., and Bae, S. M. (2018). The effects of corporate governance on environmental sustainability reporting: Empirical evidence from South Asian countries. Asian J. Sustain. Soc. Respon. 3, 1–26. doi: 10.1186/s41180-018-0019-x


 McCormick, K., and Kautto, N. (2013). The bioeconomy in Europe: an overview. Sustainability 5, 2589–2608. doi: 10.3390/su5062589


 Nebe, S. (2011). Bio-Based Economy in Europe: State of Play and Future Potential: Part 2 Summary of Position Papers Received in Response to the European Commission's Public On-Line Consultation. Brussels: European Commission.


 Pan, W.-. T, Zhuang, M-, E., Zhou, Y.-. Y, and Yang, J- J. (2021). Research on sustainable development and efficiency of China's E-Agriculture based on a data envelopment analysis-Malmquist model. Technol. Forecast. Soc. Change 162, 120298. doi: 10.1016/j.techfore.2020.120298


 Patermann, C., and Aguilar, A. (2018). The origins of the bioeconomy in the European Union. N Biotechnol. 40, 20–24. doi: 10.1016/j.nbt.2017.04.002

 Pek, K., and Ee, F. (2022). Foo, “Agricultural multifunctionality for sustainable development in Malaysia: a contingent valuation method approach,”. Malaysian J. Sustainable Agriculture 6, 1–6.


 Presidency, G. (2007). En Route to the Knowledge-Based Bio-Economy. Cologne, Germany: German Presidency of the Council of the European Union.


 Publishing, O. (2009). The Bioeconomy to 2030: Designing a Policy Agenda. Paris, France: Organisation for Economic Co-operation and Development.


 Ratajczak, E. (2013). Rolnictwo i leśnictwo w świetle koncepcji biogospodarki. dostep: www.pte.pl, 4.


 Refsgaard, K., Kull, M., Slätmo, E., and Meijer, M. W. (2021). Bioeconomy-A driver for regional development in the Nordic countries. New Biotechnol. 60, 130–137. doi: 10.1016/j.nbt.2020.10.001

 Reyes, G. U. (2014). Examining the revealed comparative advantage of the ASEAN 6 countries using the Balassa index and Lafay index. J. Glob. Bus. Trade. 10, 1–11. Available online at: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2999228


 Saardchom, N. (2017). Bioeconomy as a new S-curve for Thai economy. Agric. Econ. 63, 430–439. doi: 10.17221/78/2016-AGRICECON


 Sanz-Hernández, A., Esteban, E., and Garrido, P. (2019). Transition to a bioeconomy: Perspectives from social sciences. J. Clean. Prod. 224, 107–119. doi: 10.1016/j.jclepro.2019.03.168


 São Simão, P. (2019). The opportunities of a path towards bioeconomy in Southeast Asia. Thammasat Rev. Econ. Soc. Policy 5, 68–90.


 Scarlat, N., Dallemand, J. F., Monforti-Ferrario, F., and Nita, V. (2015). The role of biomass and bioenergy in a future bioeconomy: Policies and facts. Environ. Develop. 15, 3–34. doi: 10.1016/j.envdev.2015.03.006


 Schmidt, O., Padel, S., and Levidow, L. (2012). The bio-economy concept and knowledge base in a public goods and farmer perspective. Bio-based Appl. Econom. 1, 47–63. Available online at: https://orgprints.org/id/eprint/20942/1/SCHMID_BAE_2012_10770-18316-1-PB.pdf


 Siman, K., Friess, D. A., Huxham, M., McGowan, S., Drewer, J., Koh, L. P., et al. (2021). Nature-Based Solutions for Climate Change Mitigation: Challenges and Opportunities for the ASEAN Region. Available online at: https://nora.nerc.ac.uk/id/eprint/531285/1/N531285CR.pdf


 Staffas, L., Gustavsson, M., and McCormick, K. (2013). Strategies and policies for the bioeconomy and bio-based economy: An analysis of official national approaches. Sustainability. 5, 2751–2769. doi: 10.3390/su5062751


 Suntharalingam, C., and Othman, M. F. (2017). Competitiveness of Malaysia's fruits in the global market: Revealed comparative advantage analysis. Malaysian J. Math. Sci. 11, 143–157. Available online at: https://einspem.upm.edu.my/journal/fullpaper/vol11sfeb/9.%20Chubashini.pdf


 Van den Bergh, J. C., Truffer, B., and Kallis, G. (2011). Environmental innovation and societal transitions: Introduction and overview. Environ. Innovation Soc. Trans. 1, 1–23. Available online at: https://einspem.upm.edu.my/journal/fullpaper/vol11sfebTong/9.%20Chubashini.pdf


 Viswanathan, C., and Anbumozhi, V. (2018). Evolutionary Acts and Global Economic Transition: Progress of the Circular Economy in ASEAN. industry 4, 67–105.


 Von Rintelen, K., Arida, E., and Häuser, C. (2017). A review of biodiversity-related issues and challenges in megadiverse Indonesia and other Southeast Asian countries. Res. Ideas Outcomes 3, e20860. doi: 10.3897/rio.3.e20860


 Waramit, N. (2012). Developing a bioeconomy in Thailand. J. ISSAAS (Int. Soc. Southeast Asian Agric. Sci.) 18, 34–44.

 Waters, H., Saadah, F., and Pradhan, M. (2003). The impact of the 1997-98 East Asian economic crisis on health and health care in Indonesia. Health. policy Plann. 18, 172–181. doi: 10.1093/heapol/czg022

 Weber, K. M., and Rohracher, H. (2012). Legitimizing research, technology and innovation policies for transformative change: Combining insights from innovation systems and multi-level perspective in a comprehensive ‘failures' framework. Res. Policy. 41, 1037–1047. doi: 10.1016/j.respol.2011.10.015


 Williamson, S. (2013). Bioeconomy in transition. Aust. Life Sci. 10, 35–36. doi: 10.3316/informit.804425190708225

 Wiseman, N., Moebs, S., Mwale, M., and Zuwarimwe, J. (2022). The role of support organisations in promoting organic farming innovations and sustainability. Malay. J. Sustain. Agric 6, 44–50. doi: 10.26480/mjsa.01.2022.35.41


 World Integrated Trade Solution (2021). ASEAN countries Trade Indicators 2019. Retrieved from: https://wits.worldbank.org/CountryProfile/en/Country/SGP/Year/2019 (accessed January 20, 2022).


 Wyse, R. E. (2011). Building business in a green bioeconomy. Indus. Biotechnol. 7, 418–422. doi: 10.1089/ind.2011.1009


 Yean, T. S. (2019). ASEAN Trade in Services Agreement (ATISA): Advancing Services Liberalization for ASEAN? Singapore: ISEAS Yusof Ishak Institute.


 Zelina, W. N., and Rudi Purwono, D. (2021). The effect of corruption perception index on direct foreign investment in ASEAN during 2008-2018 period. J. Adv. Soc. Sci. Human. 7, 1904–1911. doi: 10.15520/jassh.v7i9.638


 Zhang, C., Zeng, G., Huang, D., Lai, C., Chen, M., Cheng, M., et al. (2019). Biochar for environmental management: Mitigating greenhouse gas emissions, contaminant treatment, and potential negative impacts. Chem. Eng. J. 373, 902–922. doi: 10.1016/j.cej.2019.05.139


 Zhao, Z-. Y, Wang, P- Y., Xiong, X- B., Wang, Y- B., Zhou, R., et al. (2022). Environmental risk of multi-year polythene film mulching and its green solution in arid irrigation region. J. Hazard. Mat. 435, 128981. doi: 10.1016/j.jhazmat.2022.128981



OPS/images/fsufs-06-998594-t001.jpg
Sector Employment Turnover USD Value added

in Million Billion USD Billion
Aggregate 19 2,400 631
Agricultural 93 390 184
Forest 0.5 50 24
Food, drinks, and 47 1153 234
others
Textiles 1.0 103 28
Chemicals, plastic, 0.4 187 57
pharmaceuticals,
Electricity 0.01 13 3
Fisheries and 030 12 8
aquaculture
Wood goods, 1.60 174 48
furniture
Liquid fuels 0.03 12 4

Asian Development Bank (2021), International Advisory Council on Global Bioeconomy
(2021).





OPS/images/fsufs-06-998594-t002.jpg
Countries

Malaysia
Thailand
Indonesia
Laos
Myanmar
Philippines
Singapore

Vietnams

Bioeconomy
Sector Workers

2008

368,647.2
226,861.1
966,586.1
348,809.8
36,399.1

401,444.8
184,988.4
71,429.1

2017

334,095.2
209,643.7
847,766.5
216,809.8
32,250.37
386,167.3
165,093.2
65,509.48

Asian Development Bank (2021). Author's Computations.

Share in Total Number of
Bioeconomy Workers in
ASEAN economies

2017

179
L13
4.55
116
0.17
2.07
0.89
0.35

2008

48.43
29.27
74.18
52.99
44.23
34.50
35.68
25.03

2017

43.52
2672
75.73
42.62
44.31
36.03
37.74
2522

Agricultural Workers Shares in Total
Bioeconomy Workers in ASEAN

economies

Change%

—10.14
—8.71

2.09

—19.57
0.18
4.43
5.77
0.76





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Transition of bioeconomy as a key concept for the agriculture and agribusiness development: An extensive review on ASEAN countries



		Introduction



		Theoretical underpinnings



		Agriculture and agribusiness structure of ASEAN economies



		Basic characteristics of asian economies



		Economic resilience and evolution in the ASEAN region



		The essence of and new approaches for the transition of bioeconomy



		Theoretical foundations of transition of bioeconomy



		The scope and size of bioeconomy transition



		Different challenges and opportunities associated with transition to bioeconomy



		Different action areas for sustainable transition of bioeconomy



		Conclusion



		Theoretical implications



		Future recommendations



		Data availability statement



		Author contributions



		Conflict of interset



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Sustainable Food Systems

Transition of bioeconomy as a

key concept for the agriculture

and agribusiness development:

An extensive review on ASEAN
countries





OPS/images/fsufs-06-998594-g001.gif





OPS/images/fsufs-06-998594-g002.gif
,mhﬂhhduhh
e P o e









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Sustainable Food Systems





