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Abstract

The global economy is facing a steep challenge from volatility, risk and uncertainty associated with climate change, pandemics, regional conflicts and trade wars which are unprecedented and overlapping. These crises are leading to macro- and microeconomic imbalances. The immediate effects like rising inflation, shortage of energy and fertiliser, food insecurity, loss of jobs and poverty are looming large, leading to existential threat. It is evident that decades of progress are at risk and pursuing sustainable development goals (SDGs) requires dedicated and customised efforts by the governments and other relevant actors, especially in the low- and middle-income countries (LMICS). The concept of circular economy is considered to bring a paradigm shift by reducing the dependence on natural resource extraction and decoupling economic growth from use of natural resources. Bioeconomy is another emerging field which deals with the use of renewable biological resources such as biomass to produce renewable biofuels, bioproducts, and biopower for economic, environmental and social benefits. Circular bioeconomy (CBE) lies at the intersection and is defined as the production of recoverable biological (waste) resources and the conversion of these resources into high-value-added products, such as food, feed, bio-based products and bioenergy. It has been estimated that the economic opportunity for the sector to complement or even substitute conventional ones is estimated to be USD 7.7 trillion by 2030 for food and feed waste products, and energy. CBE is perceived as a pathway for development and has the potential to target different SDGs directly like 6, 7 and 12 and SDGs 2, 3, 11, 12, 13 and 15 indirectly. This study explores the linkages of CBE with the SDG goals and provides recommendations to stimulate the sector.
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7.1 Introduction

There has been a growing consensus over the last decade towards promotion of green economy. Green economy is defined by UNEP (2011) as an intervention that leads to improvement in human well-being and social equity, with significant reduction of environmental risks and ecological securities. Within the green economy framework, there are related concepts such as bioeconomy and bio-based economy and circular economy. The European Commission (2018) defines bioeconomy as covering sectors and systems that rely on biological resources (animals, plants, microorganisms and derived biomass, including organic waste), their functions and principles. It includes the interlinkage between terrestrial and marine ecosystems and the services they provide; primary production sectors that use and produce biological resources namely agriculture, forestry, fisheries and aquaculture; and all economic and industrial sectors that use biological resources and processes to produce food, feed, bio-based products, energy and services (excluding biomedicines and health biotechnology). Bio-based economy includes those sectors and systems related to processing of biomass. This includes food and feed; textiles, paper and pulp, furniture; and biorefineries, biofuels, bio-based chemicals, bio-based plastics and biogas (Kardung et al., 2021).

The circular economy approach is based on three principles – (1) eliminate waste and pollution, (2) circulate products and materials at the highest value and (3) regenerate nature.1 It is targeted to ensure change in the existing production and consumption system that is linear in nature where there is extraction of resources, production of goods and services and eventually waste is generated and disposed. Circular bioeconomy (CBE) is therefore a niche sector that derives goods and services from recovered resources to promote sustainable growth through regenerative practices. This involves different processes utilising biomass from different waste streams into marketable products such as organic fertilisers (compost or biochar) or energy (common products such as biogas, charcoal or charcoal briquettes) in the form of fuel, power or heat (Hetemäki et al., 2017, p. 52; Stegmann et al., 2020; Temmes & Peck, 2020; Zabaniotou, 2018). The transition to a bio-based economy with closed resource loops is necessary to ensure resource conservation and sustainable growth for future generations (European Commission, 2017).

A gradual transition to a CBE is a necessity given the volatility and uncertainty existing across the global scenario. Several economies are hit by pandemics, financial sector turmoil, climate change, regional conflicts and trade wars. The COVID-19 pandemic and the associated government responses to the pandemic have restricted the movement of millions of people, impacting lives and jobs and disrupting international food supply chains and bringing global economies to a halt. In doing so, the pandemic and the lockdown measures have revealed our system's exposure to a variety of risks (Ellen MacArthur Foundation, 2020). The economic growth is said to decline from 3.4% in 2022 to 2.8%, and advanced economies are expected to witness an especially pronounced growth slowdown (IMF, 2023). The immediate effects like rising inflation, shortage of energy and fertiliser, food insecurity and loss of jobs and poverty are looming large, leading to existential threat. World Economic Forum (2023) indicates that climate-related risks dominate and failure to mitigate climate change is perceived as the biggest risk facing the world over the next 10 years. Natural disasters, extreme weather events, biodiversity loss and ecosystem collapse are also of top concern. It is evident that these impede the development gains and progress towards pursuing sustainable development goals (SDGs) that had been achieved. SDG Report 2022 reveals that the 2030 Agenda for Sustainable Development is in grave jeopardy due to multiple, cascading and intersecting crises, and climate change is perceived to dominate (UN, 2022).

The cross-cutting nature of CBE provides a comprehensive approach towards addressing several interlinked global challenges like hunger and poverty, biodiversity loss and climate change (Gomez San Juan & Bogdanski, 2021). CBE mobilises local resources to reduce import dependence and diversify supplies for greater resilience. However, changing the business-as-usual scenario is a big challenge and requires much more efforts in the form of capacity development and the exploration of strong incentive systems for inter-sectoral collaboration to build new alliances along with the interlinked targets around water, energy, rural–urban linkages (RULs) and food security.

This study proposes different strategies through which CBE can be promoted. CBE requires sectoral linkages that would allow flow of materials – waste from one sector to be recovered and utilised directly or through production of other goods and services. One such strong sectoral linkage exists between agriculture and waste management. A regional approach of integrating RULs in closing the loop for agrifood systems and waste management needs further support from private sector participation, promotion of an enabling environment with regulations and institutions and capacity building and skill development. The study also provides some indicators to monitor and measure the development of CBE in the context of low- and middle-income countries.

7.2 CBE and RULs

Asia and Africa will see nearly 90% of world population growth and urbanisation towards 2050, putting far greater pressure on natural resources. Growth of population and urbanisation leads to challenges in waste management and food security. Peri-urban areas and rural areas near to urban centres are increasingly becoming hotspots for farming systems transformations. These areas need to feed the growing urban population. The biophysical inputs to peri-urban and rural agriculture are under stress to meet the targeted food supply. Intensive agrifood systems to feed growing population have already taken a heavy toll on the environment.

Around one-third of the global greenhouse gas (GHG) emissions currently come from agrifood systems (Crippa et al., 2021).2 In 2018, global emissions due to agriculture (within the farm gate and including related land use/land use change) were 9.3 billion tons of CO2 equivalent (CO2 eq) (FAO, 2018). The main sources are improper land management, use of pesticides and fertilisers, faulty agricultural practices, deforestation, crop-residue burning and livestock and manure management. Without action, that percentage could rise substantially as other sectors reduce their emissions. Additionally, one-third of the food produced is waste or lost (World Bank, 2020). Addressing the food loss and waste is critical to meet climate goals and reduce the stress on environment. The CBE approach offers opportunities to reduce GHG emissions along the agrifood system by replacing fossil-based resources and processes with biological ones (Babiker et al., 2022). Biological resources include new bioprocesses and technologies that facilitate the production of higher value-added products and allow for a diversification of products (Gomez San Juan & Bogdanski, 2021).

Circular economy and waste management in urban areas can be linked through regional planning approaches like RULs. Fig. 7.1 provides an overview of different urban waste streams, recoverable resources and derived products and services that can be utilised in agriculture and rural development. This approach is one possible solution for two different challenges – (1) cities need to cope with rising demand for safe food and water and manage waste volume; (2) at the same time, rural areas are suffering from soil losses and water scarcity. The RUL approach addresses these challenges from a landscape and territorial perspective. This requires an assessment of the city region food systems (urban and peri-urban agriculture) and potential waste resources, analysis of climate variability, resource competition and environmental parameters. By promoting improved rural–urban food systems and governance, and by turning waste into useable products like fertiliser, irrigation water and fuel, RUL increases water- and nutrient-use efficiency at a systemic level while improving urban resilience, food security and nutrition and vibrant food economies.
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Fig. 7.1.Overview of the Waste Streams and Recoverable Rresources and Potential Reuse. Source: Author's elaboration modified from Andersson et al. (2020).

It has been estimated globally that 5 million tons of nitrogen phosphorus and potassium (N, P, K) could be replenished from 100% of food waste and 50% other food waste. Similarly, 345 million tons of N, P, K is available from current stocks of cattle, chicken, pig and sheep. This is more than twice the world's current consumption. Human waste also contains significant amount of N, P, K. Recovery of N, P, K from faecal sludge would amount to 41 million tons, representing 28% of the current N, P, K consumption (Ellen MacArthur Foundation, 2013, 2017). In OECD countries, it has been estimated that 177 million tons of municipal organic waste are generated, of which 66 million tons are valorised in composting or anaerobic digestion. The market value of N, P, K in this segment is USD 121 million per year and adds to 5 million tons of carbon to OECD soil. ISWA (2015) estimated that there exists additional opportunity of 58 million tons of recovery from the organic fraction of waste. Countries are becoming increasingly aware that fossil reserves are finite and there is a need to adopt more sustainable consumption practices by promoting bioeconomy (Gomez San Juan & Bogdanski, 2021). An estimate by CIFOR (2021) indicates that shifting the energy and extractives system to circular and resource-efficient models can lead to USD 3.5 trillion in business opportunities and 87 million jobs by 2030. In the context of the resource-poor countries, it is more suitable to argue for a circular approach. This is strongly supported by the SDG targeting, for example, waster reuse (SDG 6), renewable energy (SDG 7), waste recycling and reuse (SDG 12), which help to provide good health and well-being (SDG 3), restore degraded soils (SDG 15), agriculture and food security (SDG 2), resilient cities (SDG 12) and climate mitigation (SDG 13).

7.3 Building Resilience to Pandemic Through Circularity

The economic turbulence as a result of the pandemic has hit a lot of industries and sectors of the world economy, and many entrepreneurial ventures have struggled to survive (Costanza, 2020). In the context of the pandemic, the existing imbalance between available water supply and demand is expected to increase due to, among others, higher water consumption. Furthermore, during the pre-COVID-19 era, in tandem with rapid urbanisation, especially in the developing world, there has been an increase in waste generation in urban settings. Cities in developing countries generate massive amounts of solid and liquid waste in an environment where there is poor waste management, ranging from non-existing collection systems to ineffective disposal, causing air, water and soil contamination. This is exacerbated by the pandemic due to increased use of water and generation of more liquid and solid waste. However, opportunities also exist to adopt circular economy approaches connected with waste management, environmental awareness and local productive resilience (Costanza, 2020).

CBE approach within the context of urban food supply chains plays a key role in contributing towards resilience of the food production systems. Studies show that irrigated urban agriculture could produce as much as 90% of the leafy vegetables consumed in a city, particularly in Africa (Drechsel et al., 2007). As urban food supply chains are at high risk of being negatively affected by pandemics, promoting urban agriculture and shorter food chains are key strategies recommended to maintain urban food supply (Dharmalingam et al., 2021; Komalawati et al., 2022; Marusak et al., 2021; Moustier, 2017). Furthermore, the development of an integrated wastewater treatment plant and aquaculture production system in developing countries represents a low-cost option for wastewater treatment and a source of food production. The use of treated wastewater for aquaculture, i.e. growing fish, fingerling and animal feed in treated wastewater-fed ponds, is a unique system that has potential to create viable fish-farming businesses, support livelihoods and ensure food security while recovering costs for treatment facilities in low-income countries. In the face of the pandemic, it is important to study contribution of wastewater in the transmission of the SARS-CoV-2 coronavirus, human health risks it poses and how it can be inactivated or eliminated from the wastewater so that it doesn't find route into the food system. The World Health Organization (WHO) has developed guidelines for defining appropriate levels of treatment needed for different types of water reuse, including for aquaculture, to ensure public health protection (WHO, 2006).

7.4 Business Models and Engaging Private Players

Resource recovery and reuse is no longer about technologies but about business models, governance and awareness (Otoo & Drechsel, 2018). The term ‘business model’ can be a misnomer in the sector, as a ‘business’ is typically associated with income generation and profits. The concept of business model here is adapted from Osterwalder and Pigneur (2010) and also applied by Otoo and Drechsel (2018) specifically for resource recovery and reuse sector. Business thinking to manage waste and recover products is important as a tool to articulate the solutions for waste management and derive useful products. This basically relates to associating the costs, potential for revenue generation for cost recovery, and partnerships and engagement between diverse stakeholders (government, donors, entrepreneurs, technology providers, community-based organisations [CBOs] and non-governmental organisations [NGOs]) (Rao et al., 2020, p. 199).

Across the developing countries, waste management in the urban areas is provided by the local bodies (municipalities), and one of the most common issues is the techno-commercial feasibility and viability. This sector is prone to market failures due to external effects, imperfect information, disadvantages of monopolies and destructive competition among many actors – resulting in goods and services that are not provided in sufficient quantity and quality. The municipalities depend heavily on the on household tax (e.g. property taxes) and user fee collection for services such as waste and wastewater. They are also reliant on the general budgetary provision from the state and central governments. However, in many instances, these three means cannot ensure the commercial viability of the system. In many cases, public authorities have not been effectively able to maintain the physical infrastructure and provide adequate service to the citizenry due to lack of funds. This leads to a vicious cycle of supply and demand side mismatch and low willingness to pay for such public utilities and hence low level of funds for the municipalities. These market failures are usually contravened through subsidies, which becomes a burden for the central or state government.

The participation of the private sector along with the municipalities is essential in escalating efficiency and quality of the service provision. In the developing countries, the private sector is expected to contribute to technical skills, organisational capabilities and flexibility. It is increasingly recognised that public–private partnerships (PPPs) can target key objectives in the CBE sector – (1) by converting the household and agricultural waste to products with economic value, there is an opportunity of tapping potential markets; (2) technological innovations with the sector; (3) financial viability through revenue generation or cost recovery; (4) risk sharing between the private and public entities; and (5) joint participation can turn policy gaps into opportunities.

There have been significant investments in infrastructure for delivering public utilities related to waste management in developing countries. In a review of 12 PPP applications in the CBE sector from Asia and Africa, Taron et al. (2023) point out to three notable bottlenecks that are critical for these investments and have resulted in failure of such projects. First barrier is related to the inputs which arise from failure of meeting the committed quantity of waste and composition of the waste. In urban areas, municipalities are the owners of the waste. Many municipalities in joint ventures with the private players often do not have proper contractual agreements underlining the waste quantity. The resource recovery plants often run under capacity resulting in lower end product making it financially unsustainable. Poor segregation of waste at the household level is one of the primary reasons behind the poor waste composition and inefficient conversion to end products. In case of PPPs, municipalities need to ensure both quantity and quality of waste for optimal functioning of the recovery plant.

The second bottleneck is related to limited awareness about waste recycling and CBE. In the low- and middle-income countries low awareness of waste as a resource restrict the recovery of the resources that can be derived from the organic fraction of the waste. In addition promotional drive for waste segregation, information, education and communication (IEC) activities for citizens, SMEs, authorities and employees are absent which lead to low quality of waste for resource recovery. Skill and lack of capacity in managing such project are another set of constraints that restrict the proper function of the business. These regional economies suffer from lack of knowledge and planning for end product use. This makes marketing end products and services a challenge and gain revenue for the business. The third set of barriers are related to regulations and improper institutional mechanisms. The absence of well-defined interlinkages between different stakeholders through appropriate regulations cannot ensure functional coordination between all respective parties or contractors. The incentives structures and mechanisms fail to attract new private companies despite proposed subsidies since these are crowded off by high transaction costs arising from high corruption and other externalities (like interest rates, corruption, land prices and availability, etc.). These projects are sometimes marred by less clarity on government assets, improper short-term contractual agreements, as well as international externalities like fluctuating carbon price.

The barriers mentioned above shows that to foster private participation and/or forming PPPs, technical, financial, legal and socio-environmental assessment is a necessity. Apart from these assessments, municipalities need to ring-fence the public finance, develop proper due-diligence, scoping and procurement strategies to engage with the private entities, closely monitor the service delivery and utilise payment mechanisms for the service delivery (for example, hybrid annuity models) and scope for scaling up the business. Private investments would lead to the creation of green jobs. UNEP (2008) defines green jobs as workplaces in agriculture, manufacturing, research and development, administrative and service activities that contribute substantially to preserve or restore environmental quality. This include jobs that protect ecosystems and biodiversity, reduce energy, materials and water consumption and avoids waste generation and pollution. CBE therefore can lead to GJs creation specifically engaging youth in self-employment, research and innovation, and managerial jobs across waste collection, management, resource recovery and recycling, energy recovery systems, and agriculture.

7.5 Capacity Building and Skill Development Among Key Stakeholders

Although the CBE sector is nascent, there exist potential opportunities to upscale businesses through awareness and capacity development of different actors within the bioeconomy value chain – from producers to consumers, project developers to local, regional and national decision makers. The primary stakeholders include households, agricultural dependent population, entrepreneurs involved in the business, local governments, practitioners, CBOs and NGOs, policymakers at the national level. Along with these primary stakeholders, there are secondary stakeholders influencing the adoption of CBE. The secondary stakeholders include media houses, financial institutions (bank and non-bank), business associations and research and innovation hubs (including business incubators).

Lack of awareness among the stakeholders can inhibit – (1) understanding of the need for action, (2) the choices available and (3) the ability to collaborate with other stakeholders in the value chain (ENRD, 2019). However, communicating bioeconomy and the products and services is complex and difficult. The primary challenges are lack of awareness, terminological misunderstandings, and confusions. First, there is a need to communicate and clarify the concept of bioeconomy and how circularity can be integrated within the system. This requires defining a system boundary for the assessment and defining of products and services, their sources and means of resource recovery systems. Second, public awareness is needed particularly on regional and local level, informing the various target stakeholders, using diverse arguments, messages and tools. Designing impactful awareness campaigns and communication strategies – like tailoring messages, use of innovative channels (large scale events, science festivals, workshops, fairs) can be game changers. Other means like (1) storytelling to communicate bioeconomy (for school children and low-income group households); (2) exhibition showcasing samples of bio-based products; (3) engaging social media; (4) capacity and skill development programs – knowledge transfer to practitioner (especially from the local governments); and (5) target and involve multipliers and ambassadors (like champion farmers promoting compost, successful projects, branding products etc.).

Capacity building and skill development on the circularity aspects is imperative, especially for women and youth. Women play a key role in household waste generation and disposal (such as grey water and food waste in kitchens, and grey water from washing laundry and bathing children). As waste managers, women groups support waste collection, segregation, recycling and composting (UNEP-IETC & GRID-Arendal, 2019). The success of the resource recovery from household waste depends on waste segregation. This requires a gender-sensitive approach in the IEC activities. Targeting the right group(s) in the education programs, like women, or school-going children and ensure more awareness for waste segregation (Taron et al., 2021, p. 33). The implementation of CBE requires techno-commercial feasibility which depends on utilising proper technology and management. Therefore, skill development of young entrepreneurs, engineers and managers should be promoted through curricula development and integration within existing courses taught at the respective higher education courses (science, technology, engineering and management [STEM]). The requirement for enhancing skill should be extended further to personnel (labours, managers and engineers) involved in the waste management and agricultural sector to ensure employment and job creation. Ronzon et al. (2022) estimated that the EU-28 bioeconomy was responsible for employing 17.5 million people, generating Euro 2.3 trillion of turnover, and contributed to a value addition of Euro 614 billion in 2017.

7.6 Promoting an Enabling Environment for Circular Bioeconomy

The market failures related to waste management and promotion of the CBE can be addressed through subsidies to influence investment decisions, defining and enforcing regulations and standards to alleviate public health and environmental externalities, and supporting market-based solutions by facilitating finance, dissemination or provision of business support (Rao et al., 2020, p. 199). As had been mentioned earlier, there is a need for the private sector investments to complement the role of the policies laid down by the government towards CBE. Therefore, efforts to understand the conditions of the business environment are important since it shapes, constrains and/or enables the business models used by enterprises through manifold interactions (Adamseged & Grundmann, 2020).

An enabling environment is defined as a combination of conditions that facilitate an enterprise in initiating a business, scale-up and create decent jobs (DCED, 2018; ILO, 2014). These conditions are set by the economic, political, social and environmental context which are external to the business (Fig. 7.2). The main objective of promoting an enabling environment is directed towards improving economic prospects, particularly of small and medium enterprises, overcome decent work deficits for workers, ensure that production is environmentally sustainable, and reduction in health risks. The business environment influences the choice of entrepreneurs (and investors) in locating, operating and expanding their businesses. Uncertain economic policies or those that lack proper direction can hinder economic growth even when a country makes significant progress on other development fronts. Prevailing norms and customs, laws, regulations, policies, international trade agreements and public infrastructure can either facilitate or hinder the movement of goods and services along the value chain. Such investment climate indicators for waste reuse enterprises are discussed in details in Gebrezgabher et al. (2019).
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Fig. 7.2.Different Attributes of Promoting an Enabling Environment for Circular Bioeconomy. Source: ILO (https://www.ilo.org/legacy/english/eese/index.html).

Governments of the developing countries play an important role in controlling the business environment and creating an impact economy.3 Usually governments act as one of the following – market facilitators, regulators and participants (UNESCAP, 2022). The government can be become a market facilitator by sending an indication to the market through facilitating and leading strategy development. The Government can introduce new regulations for business to incentivise impact or to penalise harmful practices to help to create the conditions for social entrepreneurs and social innovators to succeed. Governments also have the power to open public sector markets for the delivery of public services, and participation in public sector markets can help impact enterprises to grow as a spillover effect. The governments can also facilitate platforms like impact stock exchanges (like green bonds, social stock exchange) to facilitate investments for the social businesses.

In case of market regulation, governments implements laws that enable, support, and incentivise business innovation. This can be through registrations, certification processes, providing fiscal incentives, impact requirement for investors (corporate responsibility related mandates). Governments strengthen the impact economy as market participants by taking part in the market exchanges by providing impact capital or sourcing from impact enterprises.

7.7 Development of Carbon Markets

Beyond the role of the government and the economic functioning, is the importance of the development of carbon markets. Projects related to CBE can be incentivised through revenue generation from carbon markets. Although carbon revenues have sharply increased by almost 60% to around USD 84 billion (from 2021), carbon pricing instruments (CPIs) approximately cover 23% of total global GHG emissions (World Bank, 2022). This provides evidence that there is ample opportunity for the market to grow and projects to reap the benefits of an expanding market. Carbon prices have hit record highs in many jurisdictions (European Union (EU), California, New Zealand, and Republic of Korea), but require a considerable rise in prices to meet Paris Agreement. The Report of the High-Level Commission on Carbon Prices indicates that the carbon price needs to be in the USD 50–100/tCO2e range by 2030 to keep global heating to 2°C (CPLC, 2022). There are several recommendations for improving the efficiency of the carbon markets (Blaufelder et al., 2021; Song et al., 2022):


	Reduce the time and cost of project development – the time and capital required for carbon project development are the main constraint. It often takes at least two to three years for a project to begin issuing credits, and this might get longer for nature-based solutions or those developing new methodologies. The costs for monitoring, reporting and verifying can amount to 20%–30% of the total credit revenue. Additionally projects face significant backlogs during registration delaying their receipt of carbon credits.

	Differentiate the carbon credit supply – carbon supply is highly heterogeneous – emission reductions and removals come from different projects with different geographies, varying levels of risks, externalities and co-benefits. A differentiated carbon market allows buyers sift through a diverse supply but will also provide the incentives to scale up high-quality projects.

	Enable a transparent voluntary carbon market – the carbons markets suffers from lack of trust and has responded primarily by creating new standards. There is a need for a complementary strategy: development of a platform with underlying data requirements that would provide radial transparency into the carbon credit supply. This platform must provide complete visibility of carbon credit attributes and transactions. It should empower project developers and local communities to develop high-quality projects quickly and effectively. This would create a consensus about the use of the credits.



7.8 Indicators for Measuring the Development of CBE

A set of indicators (qualitative and quantitative) is useful for tracking the progress of CBE. These indicators must be measurable, comparable, replicable and responsive to fluctuations spatially and temporally. Measuring the set of indicators would help stakeholders in assessing, impact evaluation and designing policies, targets in the short- and long-term. Following Kardung et al. (2021), the present study derives some indicators suitable to low- and middle-income countries (LMICS) in measuring the development of CBE (Table 7.1). The indicators proposed are classified based on the five parameters with linkages to the different sustainability dimensions. Tracking such indicators for LMICS might be a challenge and there need to be a careful planning and classification. For example, tracking jobs CBE might be difficult. The study by Lier et al. (2018), shows a system to capture the actual volume of jobs generated by bioeconomy of different nations. The study indicates six sectors (namely food, bioeconomy goods, renewable energy, water treatment and distribution, transportation of bio-based raw materials/products and bioeconomy services) and respective contribution to (1) number of employed persons in rural and urban areas, (2) value added, (3) contribution to GDP, (4) investment in research and innovation and (5) exports. To determine green jobs generated by CBE, such sectoral classification needs further dissociation capturing jobs related to resource recovery and reuse.

Table 7.1. List of Possible Indicators for Measuring the Development of Circular Bioeconomy.




	Indicator/Parameter
	Explanation
	Dimensions of Sustainability





	Food and nutrition security



	Food production and use of products derived from waste
	The interlinkage between agrifood production systems and waste requires assessment of the contribution of waste derived soil nutrients utilised in the regional economy.
	Society



	Natural resource management



	Primary biomass production from waste
	To assess the sustainability of biomass production and potential of resource recovery
	Environment



	Sustainable resource use



	Biodiversity
	To assess cases which support biodiversity conservation and ecosystem restoration
	Environment



	Dependence on renewable resources



	Bioenergy replacing non-renewable energy
	To assess the direct substitutability of fossil resources with biological resources
	Environment



	Biomaterial replacing non-renewable resources



	Biomass self-sufficiency rate
	To assess independence from biomass imports (between regions)
	Economy



	Material use efficiency
	To assess the degree of circularity
	Economy



	Certified bio-based products
	To assess the quality of products derived from bio-based production
	Environment



	Mitigating climate change



	Greenhouse gas emissions reductions from nature positive solutions in agrifood systems and waste
	Traditional indicator for circular bioeconomy
	Environment



	Greenhouse gas emissions reductions from waste management solution



	Employment and economic competitiveness



	Circular bioeconomy technology and business
	Investment on research and innovation for circular bioeconomy and business promotion
	Economy



	Production and consumption of non-food and feed bio-based products
	Traditional indicator applied in more sectorial and spatial detail
	Economy



	Value added of the bioeconomy sectors
	To assess product uptake of bio-based production
	Economy



	Employment
	Traditional indicator applied in more sectorial and spatial detail
	Society



	Bioeconomy-driving policies
	To assess policies, strategies, and legislation on the bioeconomy
	Society





Source: Adapted from Kardung et al. (2021).

7.9 Conclusion

The present consumption and production process is 90% linear in nature, and while different countries are suffering from resource crunch, especially in agrifood systems and renewable energy, CBE is considered to bring a paradigm shift as it tries to reduce the dependence on natural resource extraction. CBE lies at the intersection of bio-based economy and circular economy and is defined as the production of recoverable biological (waste) resources and the conversion of these resources into high-value-added products, such as food, feed, bio-based products and bioenergy. With the uncertainty and volatility from climate change pandemics, regional conflicts, financial market turmoil and trade wars, it is envisaged that global economic growth will have a sobering portrait. The immediate effects like rising inflation, shortage of energy and fertiliser, food insecurity, loss of jobs and poverty, are looming large leading to existential threat. The decades of progress attained in pursuing SDGs are facing a steep challenge.

A gradual transition to CBE shows promising potential for revival of the SGDs progress. It has been estimated that the economic opportunity for the sector to complement or even substitute conventional ones is estimated to be USD 7.7 trillion by 2030 for food and feed waste, products and energy. CBE is perceived as a pathway for development and has potential to target different SDGs directly like 6, 7 and 12 and SDGs 2, 3, 11, 12, 13 and 15 indirectly. The present study proposes sectoral and regional linkages (agrifood system and waste in rural urban perspective) that would allow flow of materials – allowing the waste from one sector to be recovered and utilised (directly or through production of other goods and services). This regional approach of integrating RULs in closing the loop for agrifood systems and waste management need further support from private sector participation; promotion of an enabling environment with regulations and institutions; proper capacity building and skill development. The study indicates the role of the private sector in business model approach and that creating an enabling environment (within and external to the economy) for such enterprises will enhance the development of the sector.

The study also provides some indicators to monitor and measure the development of CBE in the context of low- and middle-income countries. The indicators are developed based on the sustainability dimensions and its linkage to the prominent components such as food security, natural resource management, climate change, dependence on renewable sources and economic improvement. However, such indicators need further classification (sectoral) and careful tracking to measure the progress of CBE. This reclassification needs to be based on data availability in developing countries, and hence, further research in this area is a necessity. Such indicators with data sources once developed need to be tested based on their measurability, comparability, replicability and responsiveness to spatial and temporal fluctuations.



1Ellen Macarthur Foundation: https://ellenmacarthurfoundation.org/topics/circular-economy-introduction/overview.

2An agrifood system includes ‘food and non-food products that serves the production, processing, trade, marketing, consumption and disposal of goods that originate from agriculture, forestry, or fisheries. It also includes the inputs needed and outputs generated at each of these processes’ (Gomez San Juan et al., 2022).

3Impact economy – a broader, emerging concept of a part of the economy where actors prioritise social and environmental impact alongside financial impact.
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