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GLOSSARY

Biobased technologies Refer to processes, products, and systems derived from renewable biological resources such as biomass, 
agricultural residues, and algae that can be sustainably replenished over time (Benavides et al., 2024, Chang et al., 2025, 
Javed et al., 2022, Stark and Matuana, 2021).  By reducing reliance on fossil-based inputs, these technologies contribute to 
reducing greenhouse gas emissions (GHG) while supporting the protection, conservation, restoration, and sustainable use of 
nature and ecosystems, thereby advancing effective and enduring climate action (FAO, 2022, UNEP, 2024).

Bioeconomy The use of biological resources such as plants, animals, algae, fungi, and microorganisms to produce food, energy, 
materials, medicines, and other goods and services. It builds on traditional knowledge and modern life sciences, emphasizes 
renewable and sustainable processes, and links closely with biodiversity, climate goals, and community wellbeing. (UNEP, 2024).

Climate technology Climate technologies are those that help us reduce greenhouse gas emissions and adapt to the adverse 
effects of climate change. (See definition of technology below).

Deployment The act of bringing technology into effective application, involving a set of actors and activities to initiate, 
facilitate and/or support its implementation (IPCC 2022a).

Diffusion The spread of a technology across different groups, users or markets over time (IPCC 2022a).

Enabling environment The set of resources and conditions within which the technology and the target beneficiaries operate.  
The resources and conditions that are generated by structures and institutions that are beyond the immediate control of 
the beneficiaries should support and improve the quality and efficacy of the transfer and diffusion of technologies (Nygaard 
and Hansen 2015).

Feasibility The potential for a mitigation or adaptation technology to be implemented. Factors influencing feasibility are 
context-dependent, temporally dynamic and may vary between different groups and actors. Feasibility depends on geophys-
ical, environmental-ecological, technological, economic, sociocultural and institutional factors that enable or constrain the 
implementation of an option. The feasibility of options may change when different options are combined and increase when 
enabling conditions are strengthened (IPCC 2022b).

Governance Process of managing public and private interactions through collaboration, negotiation, and coordination be-
tween different actors, including the state, civil society, national and international organisations and the private sector. 
Governance is broader than government and does not rely solely on top-down authority. Instead, it emphasises participation, 
decentralization, cooperation, and the use of wider collective strategies for implementation.

Innovation Both the processes of research and development and the commercialization of the technology, including its 
social acceptance and adoption (IPCC 2000). 

Innovation System All important economic, social, political, organizational and other factors that influence the development, 
diffusion and use of innovations (IPCC 2000).

Institution Rules, norms and conventions that guide, constrain or enable human behaviours and practices. Institutions can 
be formally established, for instance through laws and regulations, or informally established, for instance by traditions or 
customs. Institutions may spur, hinder, strengthen, weaken or distort the emergence, adoption and implementation of climate 
action and climate governance (IPCC 2022b).

Regulatory Factors Regulation can be defined as: A rule or order issued by governmental executive authorities or regulatory 
agencies and having the force of law. Regulations implement policies and are mostly specific for groups of people, legal 
entities, or targeted activities. Regulation is also the act of designing and imposing rules or orders. Informational, trans-
actional, administrative and political constraints may limit the regulator’s capability for implementing preferred policies 
(IPCC 2022a;b).

System transitions System transitions involve a wide portfolio of mitigation and adaptation options that enable deep emissions 
reductions and transformative adaptation in all sectors. The systems include: energy; industry; cities, settlements and infrastruc-
ture; land, ocean, food and water; health and nutrition; and society, livelihood and economies (IPCC 2022a;b).

Technology Technology is “a piece of equipment, technique, practical knowledge or skills for performing a particular activity” 
(IPCC 2000). It is common practice to distinguish between three different components of technology (Müller 2003):
• Hardware: the tangible component, such as equipment and products
• Software: the processes associated with the production and use of the hardware
• Orgware: the institutional framework, or organization, involved in the adoption and diffusion process of a technology
These three components are all part of a specific technology, but the relative importance of each component may vary from 
one technology to another.

Technology transfer The exchange of knowledge, hardware and associated software, money and goods among stakeholders, which 
leads to the spread of technology for adaptation or mitigation. The term encompasses both the diffusion of technologies and 
technological cooperation across and within countries (IPCC 2022a).

Transformative change A system-wide change that requires the consideration of social and economic factors which, together 
with technology, can bring about rapid change at scale (IPCC 2018).

Transition The process of changing from one state or condition to another in a given period of time. Transition can occur in individ-
uals, firms, cities, regions and nations, and can be based on incremental or transformative change (IPCC 2022a; IPCC 2022b).
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As the world prepares for COP 30 in Brazil, we stand at a criti-
cal juncture for global climate and nature action. The urgency 
to accelerate progress under the Paris Agreement has never 
been greater, and the convergence of climate, biodiversity, and 
land use priorities presents a unique opportunity to reshape 
our collective response to planetary challenges.

COP30, hosted by a country of immense ecological signifi-
cance, offers a pivotal moment to elevate the role of nature 
in climate policy. It is an opportunity to drive renewed am-
bition through updated nationally determined contributions 
(NDCs), while fostering deeper integration across the three 
Rio Conventions on climate change, biodiversity, and deserti-
fication. This alignment is essential to ensure that efforts to re-
duce emissions are complemented by ecosystem restoration, 
climate adaptation, and sustainable land management.

The 2025 Climate Technology Progress Report (CTPR) helps 
to shape this moment by highlighting innovative strategies 
that bridge climate and nature goals. It underscores the po-

FOREWORD

tential of combining technologies with sustainable biobased 
solutions to deliver cost-effective, scalable, and inclusive out-
comes. Drawing on insights from the Glasgow Climate Pact, 
the Sharm el-Sheikh Implementation Plan, and the UAE Con-
sensus including the Global Stocktake, the report emphasiz-
es the importance of protecting and restoring ecosystems, 
halting deforestation, and investing in joint mitigation and 
adaptation approaches. It highlights the key roles of both do-
mestic policy, including clear and inclusive regulatory and le-
gal frameworks, and international cooperation and financing.

Structured to provide both global and regional perspectives, 
the report’s hybrid format reflects the diversity of challenges 
and opportunities across geographies. 

We hope this report serves as a valuable resource for policy-
makers, practitioners, and stakeholders working to advance 
integrated, effective, and equitable climate and nature action 
in the lead-up to COP30 and beyond.

Anne Olhoff
Director a.i., UNEP Copenhagen 

Climate Centre

Thibyan Ibrahim
TEC Vice-Chair  

Stephen Minas
Chair of CTCN 
Advisory Board

Christian Lohberger
Vice-Chair of CTCN 

Advisory Board

Dietram Oppelt
TEC Chair
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EXECUTIVE SUMMARY
Accelerating technological innovation and policy momen-
tum is driving growth in biomass utilization and biogen-
ic carbon solutions, sustainable land use and advanced 
biobased materials. The global bioeconomy is valued at an 
estimated US$4–5 trillion, with the potential to grow to 
US$30 trillion by 2050, positioning it as a cornerstone of the 
transition to a low-carbon, climate-resilient, and sustainable 
future. Realizing this potential will require targeted action 
across technology, finance, governance, and policy.

Biobased technologies are at the heart of the bioeconomy, 
offering innovative ways to use biological resources, such 
as crops, forests, and organic waste, to produce energy, ma-
terials, and other products sustainably. These technologies 
improve resource efficiency, reduce waste, and support circu-
lar systems, while also delivering climate, environmental, and 
social benefits. They respond directly to global calls to recog-
nize the broader value of nature-based solutions, including 
sustainable forest management.

What makes biobased technologies especially promising is their 
ability to operate locally, using regionally available resources and 
knowledge. This enables innovation and production to flour-
ish in rural and peri-urban areas, beyond traditional industrial 
hubs. Spanning sectors like bioenergy, bioplastics, food systems, 
and natural fertilizers, biobased technologies draw on diverse 
actors and practices, from indigenous knowledge to small-scale 
circular innovations. When integrated with climate technolo-
gies, they offer a powerful pathway to reduce emissions, build 
resilience, and promote inclusive, sustainable development.

Adoption and Scaling Potential
Technological innovation is making big strides in how nat-
ural materials, like plants and waste, are used to produce 
energy and other useful products. Biobased technologies for 
biomass conversion, such as turning organic waste into biogas 
or using biochar to improve soil and store carbon, are already 
being used commercially. However, expanding the use of oth-
er promising technologies requires lowering costs, ensuring a 
steady supply of raw materials, and building the right infra-
structure and policies to support them.

Biogenic carbon capture, utilization, and storage (Bio-CCUS) 
technologies are emerging as critical tools for decarbonization, 
yet they remain far from being deployed at scale. Scaling these 
technologies will require significant progress in biomass sourc-
ing, infrastructure development, and investment, as adoption 
remains uneven across countries. Nature-based solutions such 

as afforestation and reforestation, agroforestry, and soil carbon 
enhancement offer valuable co-benefits for biodiversity and 
livelihoods but need stronger integration into climate strategies. 
A diversified portfolio of land-based and biologically driven 
carbon removal technologies is essential. While some are tech-
nically mature, broader deployment depends on sustainable 
land use, long-term planning, and robust policy support.

Sustainable agriculture and land-use technologies are ex-
panding, with increased uptake of biobased technologies 
such as biofertilizers and improved forest management. Yet, 
regional disparities persist.

Biobased construction materials, such as wood, bamboo, 
straw, hemp, and cork, have long histories in building tradi-
tions and are increasingly recognized as central to low-car-
bon transitions in the sector. These materials are mature and 
increasingly scalable, offering climate benefits through carbon 
storage and substitution, while also supporting energy effi-
ciency and rural livelihoods. New biobased materials are gain-
ing momentum in construction and packaging, with innova-
tions like hempcrete and biochar-infused concrete showing 
promise for carbon storage. However, most applications still 
follow linear models. Scaling both established and emerging 
materials will require circular design principles, improved re-
covery systems, alignment with regenerative land-use practic-
es, strong governance to ensure sustainable sourcing, contin-
ued regulatory adaptation, and broader public acceptance of 
engineered wood and other biobased materials.

The feasibility, and therefore the potential to scale, of biobased 
technologies varies across contexts, but they offer significant 
climate mitigation and adaptation benefits. Among bioenergy 
technologies, waste-based biogas is considered a viable option, 
offering strong climate mitigation, adaptation, and socio-envi-
ronmental benefits. In contrast, biofuels like algal fuels and bio-
hydrogen show long-term promise but face high costs and low 
technical readiness. Biofuels such as ethanol and biodiesel may 
be or may not be challenged by land-use pressures and sustain-
ability concerns. Although sustainable feedstock selection and 
strong safeguards can help address these concerns, the extent of 
land competition from biomass expansion is largely shaped by 
local conditions. Moreover, integrating bioenergy into broader 
energy systems enhances climate resilience and energy security. 
Solid, liquid, and gaseous bioenergy offer flexibility for storage, 
logistics, and blending with existing infrastructure, particularly 
in gas networks. Feasibility and deployment of bioenergy tech-
nologies vary significantly across regions. 
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Financing the Scale-Up
Financial instruments must be tailored to meet the diverse 
needs of biobased technologies. Waste-based biogas and 
sustainable agriculture benefit from results-based payments 
and ecosystem service markets, while advanced biofuels and 
Bio-CCUS technologies need access to carbon markets and 
blended finance or performance-linked finance to monetize 
emissions reductions. Biomass conversion technologies often 
rely on grants, venture capital, and green finance to produce 
renewable fuels and chemicals. Sustainable agriculture and 
biobased materials are increasingly supported by innovative 
financing models. Agriculture leverages results-based pay-
ments and ecosystem service markets, while biobased mate-
rials tap into corporate alliances and equity markets to scale 
production and commercialization.

Despite growing interest in biobased technologies, signif-
icant financial barriers persist. High upfront costs, long 
development timelines, and market uncertainty often deter 
private investment. Therefore, blended finance instruments, 
especially in the Global South, are critical to attract private cap-
ital by leveraging concessional public funding and risk-sharing 
mechanisms aligned with conservation and adaptation goals.

By adopting targeted financial mechanisms, governments 
can support emerging value chains to scale biobased tech-
nologies and medium-sized enterprises, linking climate 
finance with inclusive development strategies. Regulatory 
clarity is also critical: inconsistent policies across regions cre-
ate uncertainty, particularly in biotechnology and Bio-CCUS 
sectors. Clear pricing for natural capital and transparent sus-
tainability metrics can reduce risk and improve governance.

Access to carbon markets is vital for bioeconomy actors. 
Inclusive frameworks such as Article 6.4 of the UNFCCC 
and the Verified Carbon Standard can unlock carbon credit 
revenues from Bio-CCUS and nature-based solutions. In-
struments like green bonds and sustainability-linked loans 
should be scaled through global collaboration, harmonized 
standards, and clear performance benchmarks.

Policy and regulatory clarity are needed to unlock investment 
and scale deployment. Clear pricing for natural capital, har-
monized certification systems, and access to carbon markets 
can reduce risk and direct capital to high-impact solutions. 

Unlocking Potential Through Effective Governance
Effective governance and policy coordination are vital to 
unlock the full potential of biobased technologies in the 

bioeconomy. Phasing out fossil fuel subsidies remains crit-
ical, and aligning this transition with national socio-eco-
nomic priorities ensures equity and effectiveness. A systemic 
approach to biobased policies can enhance coherence across 
sectors, balance land-use demands, and strengthen synergies 
between mitigation and adaptation.

Transparent, context-specific strategies for advancing 
biobased technologies that reflect local priorities and institu-
tional capacities especially in rural and non-OECD regions 
are vital for public understanding and stakeholder engage-
ment. Promoting common technical standards, robust certifica-
tion systems, and harmonized monitoring frameworks support-
ed by digital tools can improve transparency, accountability, and 
outcomes across fragmented bioeconomy landscapes.

To reduce environmental pressures from growing biomass 
demand, sustainability should be embedded into the design 
and deployment of biobased technologies from the outset. 
This includes integrating sustainability frameworks into poli-
cies, using sound indicators and disaggregated data, and pro-
moting nature-based solutions like soil health and ecosystem 
restoration. Aligning biobased technology deployment with 
social and environmental integrity is key to ensuring sustain-
able outcomes. In biodiversity-rich and ecologically sensitive 
areas, safeguards are needed to protect Indigenous Peoples 
and Local Communities. Equitable transitions depend on 
responsible innovation that thoughtfully incorporates these 
considerations.

International cooperation and multi-stakeholder networks, 
such as the G20 Initiative on Bioeconomy, share best prac-
tices, and mobilize investment. Secure land tenure, strong 
legal frameworks, and multilevel governance are foundational 
to enabling coherent, accountable, and inclusive bioeconomy 
development.

From Biodiversity to Biobased Innovation: Enabling Re-
gional Transitions
Latin America and the Caribbean region hold immense 
potential to lead in sustainable bioeconomy innovation, 
drawing on the region’s exceptional biodiversity, diverse eco-
systems, strong agricultural systems, and rich indigenous 
Knowledge. Nevertheless, institutional, infrastructural, and 
governance capacities vary across countries. To scale biobased 
technologies effectively, they need to be adapted to local con-
texts, fostering more inclusive and resilient growth.

V



Vl

Key sectors where biobased technologies have a signifi-
cant role, such as agriculture, energy, waste, and forestry, 
form a strategic nexus between economic growth, climate 
action, and sustainable development. These sectors rep-
resent a substantial part of national climate plans, yet their 
integration into formal climate policies remains fragmented. 
Strengthening the link between biobased technology deploy-
ment and national climate planning frameworks is crucial to 
unlocking synergies across mitigation, adaptation, and resil-
ient production systems. To unlock the region’s bioeconomic 
potential, targeted investments are instrumental to support 
innovation-led transitions. Strengthening research clusters, 
innovation platforms, and peer learning networks, especially 
in emerging economies, can accelerate adoption and scale.

Social inclusion is essential for advancing biobased tech-
nologies in Latin America and the Caribbean. Recognizing 
indigenous rights and supporting local livelihoods enhanc-
es legitimacy, reduces inequalities, and strengthens both 
socio-ecological resilience and sustainability. Ensuring that 
biobased innovation reflects diverse knowledge systems and 
community needs is key to equitable development.

A systematic, inclusive, and climate-aligned approach to 
biobased technologies will enable Latin America and the 
Caribbean to lead in shaping a sustainable global bioeco-
nomy. Regional cooperation and policy coherence are vital. 
Aligning the region’s ecological potential with inclusive so-
cio-economic outcomes requires coordinated governance, 
harmonized strategies, and shared learning across borders. 
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1.1  CONTEXT
In November 2025, COP30 will be held in Belém, Brazil and will 
mark a pivotal moment for global climate action. Countries are 
expected to submit new or updated Nationally Determined Con-
tributions (NDCs) ahead of the COP. Hosted by Brazil, a country 
of vast ecological importance, COP30 offers a critical opportuni-
ty to emphasize the role of nature vis-à-vis climate action. As the 
world faces growing challenges from the loss of biodiversity and 
land degradation, COP30 is also expected to drive stronger align-
ment between climate and nature, reinforcing the link between 
reducing emissions, restoring ecosystems, climate adaptation and 
sustainable land management. In this context, COP30 can also 
serve as a platform to advance synergies between the three Rio 
Conventions on climate change, biodiversity and desertification 
supporting integrated and effective action for people and planet.

To advance the climate and nature agenda, innovative strategies 
that combine technology with sustainable biobased solutions of-
fer a robust, comprehensive and cost-effective path to simultane-
ously achieving the climate and nature agendas (United Nations 
Framework Convention on Climate Change [UNFCCC] and 
International Union for Conservation of Nature [IUCN] 2022). 
Both the Glasgow Climate Pact1 (UNFCCC 2021) and the Sharm 
el-Sheikh Implementation Plan2 (UNFCCC 2022) underline the 
urgent need to address, in a comprehensive and synergetic man-
ner, the vital importance of protecting, conserving, restoring and 
sustainably using nature and ecosystems for effective and sustain-
able climate action. Furthermore, the Global Stocktake (GST) 
stressed the importance of conserving, protecting and restoring 
nature and ecosystems to achieve the Paris Agreement climate 
targets (UNFCCC 2023). This includes enhanced efforts to halt 
and reverse deforestation and forest degradation, promote affor-
estation by 2030 and maintain terrestrial and marine ecosystems 
as greenhouse gas sinks and reservoirs, while conserving biodi-
versity. The GST further emphasized the need for increased sup-
port and investment, including financial resources, technology 
transfer and capacity-building. It also highlighted the importance 
of joint mitigation and adaptation approaches for sustainable for-
est management and incentivizing non-carbon benefits.

The 2025 Climate Technology Progress Report (CTPR) explores 
the role of the bioeconomy in addressing climate change, includ-
ing both mitigation and adaptation, with a particular focus on the 
biobased technologies that are most relevant in this context. It ex-
amines the progress being made in scaling up the availability and 
use of these technologies, highlighting both global trends and 
region-specific developments. For consistency, in this report we 
use the term “biobased technologies” to refer to processes, prod-

1	 Decision 1/CP.26, paragraph 21 and preamble.

2	 Decision 1/CP.27, paragraph 18.

ucts and systems derived from renewable biological resources 
such as biomass, agricultural residues and algae that can be sus-
tainably replenished over time (Benavides et al. 2024; Chang et 
al. 2025; Javed et al. 2022; Stark and Matuana, 2021).  By reducing 
our reliance on fossil-based inputs, these technologies help lower 
greenhouse gas (GHG) emissions while promoting the protec-
tion, conservation, restoration and sustainable use of ecosystems, 
thereby supporting effective and lasting climate action, UNEP, 
2024a, FAO, 2022). 

By assessing how innovations relating to the bioeconomy contrib-
ute to climate action, the report aims to inform policy, investment 
and implementation strategies that can accelerate transformation 
towards net zero and climate resilience. At the same time, it also 
endeavours to highlight the care that is needed to ensure that the 
incorporation of biobased technologies into climate strategies is 
consistent with broader biodiversity and sustainability goals. 

The development of the bioeconomy impacts carbon flows and 
climate change mitigation in four main ways (UNEP 2024): by 
enhancing carbon sinks through biomass (e.g., afforestation and 
conservation farming), by substituting GHG-intensive products 
and fossil fuels with biobased alternatives (e.g., engineered wood, 
bioplastics), by storing carbon in biobased products for varying 
lengths of time, and by utilizing waste biomass for energy and 
materials. These practices not only reduce GHG emissions but 
also promote the sustainable use of resources and environmental 
conservation. Therefore, if managed sustainably, the bioecono-
my holds significant potential for reducing the impact of climate 
change. In addition, the Sixth Assessment Report from the Inter-
governmental Panel on Climate Change (IPCC 2023a) empha-
sized the importance of effective governance of land-based mit-
igation options, including those linked to the bioeconomy, and 
the requirements of integrated policy frameworks that balance 
climate goals with biodiversity, food security and social equity, 
ensuring that biobased solutions contribute positively to mitiga-
tion without exacerbating land-use conflicts (Babiker et al. 2022).
 
Additionally, the bioeconomy can play a crucial role in adapting to 
climate change, such as by reducing climate impacts on ecosystems 
and biodiversity and accelerating ecosystem-based adaptation 
and nature-based solutions. For example, by promoting sustain-
able agricultural and forestry practices, it can enhance ecosystem 
resilience and support biodiversity. Biobased technologies can 
improve soil health, water management and crop yields, making 
agricultural systems more resilient to climate variability. Further-
more, the sustainable management of forests and other natural re-
sources helps protect communities from climate-related risks such 
as flooding and erosion, contributing to overall climate resilience. 
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It is from this perspective that the G20 Initiative on Bioeconomy  
was created in 2024 and continued to be developed in 2025. This 
initiative focuses on leveraging science, technology and innova-
tion, promoting the sustainable use of biodiversity and enhanc-
ing the role of the bioeconomy in sustainable development. The 
High-Level Principles on Bioeconomy (G20 2024), derived from 
the GIB, emphasize sustainable development, inclusivity, climate 
change mitigation and adaptation, biodiversity conservation, 
sustainable resource use and responsible innovation. 

With countries set to submit new or updated NDCs in 2025, 
COP30 presents a critical opportunity to identify the most 
effective means of implementing the Paris Agreement. These 
NDCs must include clear and measurable steps towards 
achieving their conditional targets. Financial, technological 
and capacity-building support from the global community, 
including non-state actors, will be essential in helping many 
lower-middle-income and low-income countries meet these 
targets. The provision of guidance on where and how such 
support can have the greatest impact will be key.

Box 1.1: Bioeconomy

In simple terms, the “bioeconomy” involves using biological resources, such as animals, plants and trees, algae, fungi and bac-

teria, to provide food, feed, shelter, clothing, medicine and many other goods and services.

While there is no universally agreed definition of the term, most definitions of bioeconomy directly or indirectly share the following 

common characteristics. First, the bioeconomy draws on traditional and indigenous knowledge, as well as research and development 

in the life sciences and biotechnology, which drive its growth. Second, it involves the production of renewable and sustainable 

biobased materials, energy and products through biological processes, with renewable biomass or resources, the availability and qual-

ity of which depend on biodiversity and the broader nature-economy nexus, serving as a critical foundation for the development of the 

bioeconomy. Third, the bioeconomy is closely associated with energy efficiency, the reduction of emissions, sustainable and renewable 

practices, health and well-being, sustainable product transformation and economically sustainable transformation (UNEP 2024a).

Care must be taken when focusing narrowly on any one objective– such as reducing GHG emissions and not taking into account 

the impact of bioeconomy initiatives on biodiversity or on local communities. A life cycle assessment of bioeconomy investments, 

which includes social, economic and environmental impacts, is recommended. For example, biodiversity economy and wildlife 

economy initiatives have benefit-sharing and sustainable livelihoods at their core.

1.2  CLIMATE TECHNOLOGY AND THE 
BIOECONOMY
The bioeconomy leverages nature, indigenous knowledge, bi-
ological science, technology and innovation to conserve, pro-
duce and utilize biological resources sustainably. One positive 
effect of the bioeconomy is that it enhances resource-use effi-
ciency and promotes circularity, while also delivering climate, 
environmental, economic and social benefits to society. In do-
ing so, it directly addresses the call from the GST to incentiv-
ize the “non-carbon benefits” that are integral to sustainable 
forest management and other nature-based approaches. The 
bioeconomy is unique because it can be inherently decentral-
ized, rooted as it is in locally available biological resources 
such as biomass, forests, waste and agricultural by-products 
(Vijay et al. 2022; Haarich and Kirchmayr-Novak 2022). This 
allows production and innovation to emerge across rural and 
peri-urban areas, rather than being concentrated in high-tech 
hubs. It is also diverse in both application and in terms of 
the actors it involves. The bioeconomy spans sectors such as 

food systems, bioplastics, bioenergy and natural fertilizers, 
drawing on a wide range of indigenous knowledge, circular 
practices and small-scale innovations. This broad base tends 
to make it more inclusive and adaptable to local contexts. 

Importantly, the Global South is leading in many bioeconomy 
initiatives, particularly in Latin America, Africa and Southeast 
Asia (Stockholm Environment Institute [SEI] 2025; Internation-
al Advisory Council on Global Bioeconomy [IACGB] 2024). 
These regions and countries are not just technology adopters but 
innovators in context-specific, low-carbon biobased solutions, 
challenging the dominant narratives of North-to-South technol-
ogy transfer. This makes the bioeconomy an alternative devel-
opment pathway, one that foregrounds place-based innovation, 
ecological knowledge and more equitable models of growth.

Several recent international reports focus on the bioeconomy. For 
instance, in a report published by the Food and Agriculture Orga-
nization, (Albinelli et al. 2024) highlight the way in which bioeco-
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nomy strategies are being implemented worldwide, with a focus 
on the role of sustainable forest management, sustainable food 
systems, resource efficiency and rural development. The Organi-
sation for Economic Co-operation and Development (OECD) has 
developed key policy frameworks, particularly through its report 
entitled "The Bioeconomy to 2030" (OECD 2009), which empha-
sizes the role of biotechnology, circular economy principles and in-
novation in driving sustainable growth, and the need to ease land 
pressures from agriculture and forestry by expanding the bioeco-
nomy with alternative, non-fossil sources of carbon (OECD 2023). 
In 2024, the NatureFinance and World Bioeconomy Forum ex-
amined the financial mechanisms and investment strategies nec-
essary for scaling up biobased industries while ensuring environ-
mental sustainability and social inclusion. Additionally, the World 
Economic Forum publication, “Accelerating the Global Transition 
to a Bio-based Economy: The Strategic Role of Policy”, emphasiz-
es the vital importance of policy frameworks in promoting the 
growth of the bioeconomy, particularly in areas such as bioen-
ergy, bioproducts and sustainable resource management (World 
Economic Forum 2024). In 2024, UNEP examined global trends, 
challenges and opportunities for utilizing biological resources and 
technologies to promote sustainable economic growth while also 
addressing environmental and social issues (UNEP 2024).

The CTPR sets itself apart from these reports, while adding to 
the perspectives presented in them, by examining technological 

progress through the national systems of innovation framework 
and the conditions that enable the adoption and scaling of climate 
technologies. It is important to acknowledge that contemporary 
discourse on bioenergy has broadened beyond the initial framing 
of the “food versus fuel” dilemma. Today, the discourse encom-
passes broader and more complex concerns, including global eq-
uity, water scarcity, land degradation and land use change as well 
as potential impact on water resources and indigenous land rights 
(Dietz et al. 2018; Kennedy et al. 2023). Central to these discus-
sions are possible trade-offs between different Sustainable Devel-
opment Goals (SDGs), particularly between climate change mit-
igation efforts and the preservation of ecosystems (Warchold and 
Pradhan, 2025). For instance, expanding bioenergy production to 
reduce emissions may or may not come at the cost of protecting 
natural landscapes such as forests and water use, underscoring the 
complexity of the relationship between environmental protection 
and decarbonization strategies (Tobben et al. 2024). 

In response to these possible and complex trade-offs, the 
emphasis has shifted towards systemic change, promoting re-
source efficiency, circularity, the reduction of demand and re-
generative practices. Climate technologies in the bioeconomy 
exemplify this shift by integrating ecosystem restoration, cir-
cular design and cross-sectoral innovation. The opportunity 
lies in scaling these solutions while amplifying environmental 
benefits such as the conservation of biodiversity. 

Box 1.2: The Climate Technology Progress Report (CTPR)

Understanding technology development and transfer significantly influences how we enhance and accelerate the implementation of 

climate technologies. The CTPR provides a systematic and annual assessment of the current state of technology adoption in selected 

areas and the feasibility and requisite enabling conditions for technological development and transfer at the sectoral, regional and 

global levels. The reports ask the following questions, all within the context of enhancing technology development and transfer: 

1.	What progress is being made?

2.	What has enabled it? 

3.	Where are the gaps? 

4.	Building on this understanding, how do we better enhance climate technology development and transfer?

While these guiding questions shape the overall direction of the report, they are adapted each year to reflect emerging issues in 

the global climate landscape.

The report series falls within the 2023-2027 UNFCCC Technology Executive Committee (TEC) rolling workplan and forms 

part of the first joint work programme of the Technology Mechanism. The UNFCCC Technology Mechanism consists of two 

bodies: the TEC and the Climate Technology Centre and Network (CTCN). The TEC is the policy arm of the Technology Mecha-

nism. It focuses on identifying policies that can accelerate the development and transfer of low-emission and climate-resilient 

technologies and its key outputs are its annual technology-related recommendations to the COP and the CMA.3 The mission 

of the CTCN is to stimulate technology cooperation and enhance the development and transfer of technologies, as well as 

to assist developing country Parties at their request to support action on mitigation and adaptation and enhance low-emis-

sion and climate-resilient development. The purpose of the first joint work programme of the Technology Mechanism4 is to 

accelerate efforts on transformative climate technology development and transfer to help countries to achieve the goals of 

the Paris Agreement and those of the UNFCCC, and to implement their national climate plans (including NDCs).

3  Conference of the Parties (COP) and Conference of the Parties serving as the meeting of the Parties to the Paris Agreement (CMA).

4  https://unfccc.int/ttclear/misc_/StaticFiles/gnwoerk_static/TEC_Documents_doc/6e7cae499c2b418e93d2d2a1bcca1a20/e9a1b6ffadbe47bcb3f2634881df13f5.pdf 

https://unfccc.int/ttclear/misc_/StaticFiles/gnwoerk_static/TEC_Documents_doc/6e7cae499c2b418e93d2d2a1bcca1a20/e9a1b6ffadbe47bcb3f2634881df13f5.pdf
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1.3  THE CTPR 2025
With a view to providing both a comprehensive overview and 
targeted insights, the 2025 report adopts a hybrid global and 
regional format. Chapters 1 to 5 take a global perspective, while 
Chapter 6 provides a regional assessment focused on the Lat-
in America and Caribbean (LAC) region. As a region where 
ecological wealth and development challenges converge in a 
unique way, the LAC region is positioned to be a global leader 
in bioeconomy and climate technology innovation. Its vast bio-
diversity and rich agricultural base provide strategic advantages 
for advancing sustainable solutions, for both people and plan-
et. The structure of the 2025 CTPR makes it possible to eval-
uate overall progress in technology development and transfer 
while also offering more in-depth insights specific to the LAC 
region. By combining global and regional analyses, the report 
generates information for tailored interventions that consider 
unique factors such as regulatory environments, governance 
and financial structures. While regional analysis offers valuable 
contextual depth, information at both the global and regional 
levels is also essential. Global perspectives can inform regional 
actions, while also accounting for interconnectedness, patterns 
and trends on a worldwide scale. The specific questions that the 
2025 CTPR seeks to address are as follows:

How can the bioeconomy contribute to addressing cli-
mate change effectively and sustainably, what are the 
key technologies involved, what progress is being made 
in scaling up their availability and use, and how can their 
accessibility and implementation be accelerated?

These questions guide the exploration in the report of the inter-
section between the bioeconomy, innovation and climate action. 
The CTPR frames the analysis of current trends, identifies gaps 
and highlights opportunities for scaling up impactful technolo-
gies. The integration of climate technologies into bioeconomy ini-
tiatives offers a powerful pathway to drive climate mitigation, en-
hance resilience and promote inclusive, sustainable development.

Four key biobased technology categories are identified as being 
central to this intersection and will form the scope of analysis for 
the CTPR 2025. Each category explores how technological, eco-
nomic and policy drivers influence sustainable, low-carbon and 
climate-resilient system transitions, as well as their potential to 
address critical climate challenges. The categories are as follows: 

Biomass conversion. Technological innovations that trans-
form biological resources into alternatives to fossil fuel-based 

products. Biomass conversion processes transform biological 
resources into solid, liquid and gaseous biofuels, power and 
heat, reducing the use of fossil-based energy. 

Biogenic carbon capture utilization and storage (Bio-
CCUS). Technologies that rely on the uptake of atmospher-
ic CO₂ by biological processes. In Bio-CCUS, the captured 
biogenic carbon is either stored in long-lived reservoirs or 
utilized in ways that extend carbon retention.

Sustainable agriculture and land use. These technologies 
aim to reduce greenhouse gas emissions, enhance carbon se-
questration and improve adaptation and resilience to climate 
change through a broad range of practices, methods, tools and 
institutional frameworks.

Biobased materials. By converting agricultural and industrial 
waste, including wood and forest residues, into bioplastics, fibres, 
chemicals and engineered wood products, these technologies 
support both the reduction of emissions and resource efficiency.

Identification of these four categories of biobased technologies 
was motivated by key drivers observed across the bioeconomy 
landscape. First, the ongoing shift away from fossil fuels to-
wards biomass-based alternatives, reinforced by subsidies and 
supportive environmental policies, has created strong incen-
tives for investments in biobased sectors. This trend underpins 
biomass conversion technologies, which transform biological 
resources into low-carbon energy or material alternatives. 
Bio-CCUS technologies include innovations such as bioener-
gy carbon capture and storage (BECCS), which remove CO₂ 
from bioenergy processes and store it underground. The sus-
tainable agriculture and land use category was selected due to 
its critical role in addressing both mitigation and adaptation 
challenges in climate change. And, lastly, downstream sectors 
focus on improving the efficiency of biomass utilization and 
waste stream recycling, often targeting low-bulk, high-value 
applications. The drive towards circularity and resource effi-
ciency motivates the biobased materials category, which en-
compasses innovations that replace fossil-based inputs with 
sustainable, renewable alternatives. It is important to note that 
these four categories are not exhaustive. Other areas, such as 
biochemical manufacturing, biomining and bioelectronics, 
also have potential climate benefits but were considered to be 
beyond the scope of this report. The focus in this CTPR is on 
the technological pathways that are currently most policy-rel-
evant, scalable and well-established in driving low-carbon and 
climate-resilient outcomes within the bioeconomy.
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1.4  STRUCTURE

Part I (Global Focus)

Chapter 2 explores the application of biobased technologies 
across agriculture, forestry, energy, land use, industry, and the 
waste sector. Chapter 3 evaluates the feasibility of biobased 
technologies, building on previous CTPRs and the IPCC 
AR6. It provides global and regional assessments, highlighting 
differences in feasibility due to resource availability, institu-
tional capacity, and socioeconomic context. Chapter 4 ana-
lyzes how the bioeconomy mobilizes finance and investment 
through instruments such as government grants, venture 
capital, blended finance, and carbon markets to drive inno-
vation. Chapter 5 examines how public-private coordination 
and international cooperation can accelerate the adoption of 
biobased technologies, with a focus on policies, governance, 
and regulatory frameworks. 

Part II (Regional Focus)

Chapter 6 presents a regional assessment of Latin America 
and the Caribbean, recognizing the region’s rich biodiversi-
ty and biomass resources. It explores the development and 
transfer of biobased technologies, highlighting opportunities 
to accelerate their deployment.
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CHAPTER HIGHLIGHTS

•	 Biomass conversion technologies are progressing across gas, liquid and solid fuel 
applications, with several pathways such as anaerobic digestion and biochar already 
commercially mature. However, broader adoption depends on overcoming cost barriers, 
securing stable feedstocks and aligning with supportive policies and infrastructure, 
especially for emerging options such as gasification and biobased liquid fuels.

•	 Biogenic carbon technologies are emerging as viable decarbonization pathways, but 
current adoption levels fall far short of climate targets. Scaling technologies such as 
BECCS will require major advances in biomass sourcing, infrastructure and investment.

•	 Carbon removal technologies such as BECCS and nature-based solutions are progressing, but 
adoption remains uneven. Nature-based approaches, including afforestation, agroforestry 
and soil carbon enhancement, are gaining traction due to their co-benefits for biodiversity 
and people’s livelihoods, yet require stronger integration into climate strategies.

•	 A diversified portfolio of land-based and biologically driven carbon removal technologies 
is essential for meeting global climate goals. While some technologies are technically 
mature, increasing adoption will depend on aligning innovation with sustainable land 
use, policy support and long-term planning.

•	 Technology adoption in sustainable agriculture and land use is advancing, with a growing 
uptake of climate-smart practices such as precision irrigation, biofertilizers and improved 
forest management. However, scaling remains uneven across regions and technologies, 
highlighting the need for stronger policy support, investment and inclusive governance 
to unlock full mitigation and resilience benefits.

•	 Nature-based and biologically driven carbon removal technologies, such as afforestation, 
agroforestry and biochar, are gaining traction, but adoption is still limited by land-
use constraints and monitoring challenges. Progress is being made, but accelerating 
deployment will require integrated land-use strategies, stakeholder engagement and 
targeted support to ensure equitable and sustainable outcomes.

•	 Biobased materials are gaining traction in sectors such as construction and packaging, with 
innovations including biochar-infused concrete and hempcrete showing strong potential for 
long-term carbon storage and reduced petrochemical use. However, most applications remain 
linear and scaling adoption will require a shift towards circular design, better composting 
and recovery systems and stronger alignment with regenerative land-use practices.
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2.1  INTRODUCTION
This chapter provides information on the adoption of biobased 
technologies. The development of the bioeconomy has multiple 
links to flows of atmospheric GHG emissions (CO2, N2O, and 
CH4), as shown in Figure 2.1. The effect of the bioeconomy on 
climate change mitigation is mainly reflected in four ways:
 
1. Carbon sequestration from biomass. Plants absorb CO2 from 
the atmosphere during their growth and convert it into organic 
matter. Traditional sink enhancement technologies in agroforest-
ry mainly include afforestation, reforestation and forest manage-
ment, conservation farming in agriculture, management of grass-
lands and wetlands and coastal ecological projects (Li et al. 2022).

2. Substitution of GHG-intensive products and fossil fuels. 
Substitution effects exist in all industries. Engineered wood 
can replace steel and cement (Gustavsson et al. 2021), biobased 
and biodegradable plastics can replace petroleum-based plas-
tics, bioethanol and biodiesel can replace fossil fuels such as 
oil and natural gas, biobased fibres can substitute synthetic 
ones and so forth (Guo et al. 2023).

3. Carbon storage in biobased products. The use of biobased 
products enables the transfer of carbon absorbed by biomass 
from the atmosphere to the carbon pool of these products. 
The length of time this carbon remains stored varies from a 
few years to several centuries, depending on the type of prod-
uct, its lifespan and end use, as well as its eventual fate at the 
end of its service life (Zuiderveen et al. 2023). 

4. Utilization of waste biomass resources. Biomass residues 
can be used to generate electricity and/or heat, manufacture 
biofertilizer or produce biomass materials. Biomass residues 
are traditionally disposed of in landfills, open piles and in-
cinerators, which produce not only large amounts of CO2 but 
also methane (CH4) and other gases (N2O) that have a higher 
greenhouse effect. Nonetheless, biomass is generally considered 
to be carbon neutral, as it absorbs CO2 from the atmosphere 
during its growth, offsetting the emissions released when it is 
processed or burned. Converting it into bioenergy or valuable 
products therefore not only saves resources, but also effectively 
reduces GHG emissions (Rosa and Gabrielli 2024).

Atmosphere

Production Waste management

Bioenergy system

Fossil-based product

Soil carbon pools Lithosphere 
Fossil fuelrice straw returned 

to fields

biomass carbon 
returned to fileds

landfill carbon pools

incineration, 
anaerobic or landfill 

gas production

substitution

heat, 
electricity

heat, electricity

CO2 fixed 
by CCS

substitution

CO2 CO2 CO2
CO2 CO2

CH4N2O CH4N2O 

Bio-based
product use 

Biomass raw materials
cultivation and 

harvesting 

Figure 2.1 Carbon flow, removals and emissions in the atmosphere, biomass and biobased products systems (UNEP 2024a).5

5	 Green arrow refers to biogenic CO2 removals/emissions, red arrow refers to fossil CO2 emissions, blue arrow refers to carbon flow.
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2.2. CLIMATE TECHNOLOGY INTERVENTIONS IN 
AGRIFOOD SYSTEMS
Within agriculture systems, biobased technologies play an im-
portant role in transforming agrifood systems, helping to re-
duce emissions, enhance resilience and address the challenges 
of climate change. Understanding their role and potential is key 
to designing effective, inclusive and sustainable responses to 
the climate crisis. These technologies can also contribute to the 
development of a sustainable bioeconomy, addressing climate 
change while contributing to sustainable consumption and pro-
duction practices which are inclusive through circular economy 
approaches. A sustainable bioeconomy contributes to climate 
change adaptation and resilience by promoting restoration of the 
ecosystem and supporting indigenous and local livelihoods based 
on biological products and services. Furthermore, biobased tech-
nologies present opportunities to reduce GHG emissions across 
the agrifood system by replacing fossil-based resources and pro-
cesses with biological alternatives (Gomez et al. 2022).

In the case of agrifood systems, adopting a value chain ap-
proach is essential in order to identify entry points for climate 
technologies. This approach allows for a comprehensive un-
derstanding of how climate technologies can be applied not 
only at the production level but also throughout processing, 
storage, distribution and consumption. 

This approach also strengthens coordination among stake-
holders, from input suppliers and farmers to processors and 
retailers, helping to improve the efficiency, scalability and 
resilience of agrifood systems. Furthermore, it allows for a 
better understanding of potential synergies and trade-offs 
between climate action and other objectives of the transfor-
mation of agrifood systems, such as improving livelihoods, 
nutrition and natural resource management (FAO and UN-
FCCC 2024). For complementary perspectives, refer to the 
discussions on agroforestry and forest-based adaptation in 
Chapter 3, which provides insights into strategies for resil-
ient land-use. Cambodia provides a clear example of how a 
value chain approach can be applied in practice. Due to its 
high vulnerability to climate change, particularly in the agri-
culture sector which remains central to rural livelihoods and 
food security, enhancing the resilience of agrifood systems to 
climate shocks requires targeted climate technology interven-
tions, including biobased technologies. In the specific case of 
the cashew nut, while this crop is considered to be relatively 
climate-resilient due to its drought tolerance, it is still affected 
by climate change risks. Potential adaptation interventions for 
this value chain are illustrated in Figure 2.2.

Figure 2.2 Examples of climate technology interventions in cashew nut value chains in Cambodia (Source: Forthcoming FAO 2025).

Identify the climate technologies to adress climate adaptation needs

Equipment and products

Examples:
Ventilated storage facility, 
temperature and humidity 
control system, storage 
bins with pallets

Techniques and practices

Examples:
Grafting, use of bio- 
fertilisers, IPM

Skills and knowledge

Examples:
Farmer field school, 
strengthening  
extension capacity

Disruptions to agricultural productivity in Cambodia have 
been occurring as a result of more frequent floods, prolonged 
droughts and outbreaks of pests. These impacts have contrib-
uted to lower yields, greater post-harvest losses and growing 
economic pressure on rural households (Cambodian Minis-
try of the Environment 2022). Agricultural technologies and 
practices, such as improved pest management, drying and 
storage, can help mitigate these challenges (Table 2.1). How-
ever, uptake remains low due to limited access to these tech-

nologies, high costs and the fact that technologies are often not 
appropriately targeted to the specific needs and local contexts. 
Some technologies address climate change impacts directly, 
while others contribute to adaptation indirectly, for example by 
reducing food loss. Ensuring that appropriate, locally relevant 
technologies are identified and promoted alongside adequate 
training and support is essential for enhancing the resilience of 
agrifood systems and long-term food and livelihood security.
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Stage Climate technology intervention Adaptation benefit

Pre-production and production

Seedling 
production
and grafting

Grafting houses with humidity 
control

Provides a temporary buffer against extreme heat events, creating favourable 
conditions for the graft union to develop successfully

Grafting tools
Enhances the resilience of crops to drought, heat stress and other climate-relat-
ed challenges

Input  
management

Bio-fertilizer production unit Improves nutrient availability, enhances soil health and increases yields

Land  
preparation

Mini tractor with implements
Enhances efficiency in land preparation and reduces labour intensity and time, 
leading to increased capacities of smallholder farmers to adapt to variable 
climatic conditions

Orchard  
management

Power sprayer with personal pro-
tective equipment (PPE)

Motorized sprayers used with PPE designed to support efficient and safe pesti-
cide application, leading to enhanced crop protection

Integrated pest management (IPM) 
traps and monitoring tools

Enables early detection of pests, helping producers prevent crop damage and 
control infestations before they become widespread and harder to manage

Weather monitoring station
Enhances climate resilience by providing real-time weather data for informed 
decision-making, which improves early warning systems and supports climate 
adaptation strategies

Drones Improves pest and disease control and enhances crop growth and yield potential

Harvest and post-harvest handling

Harvesting 
equipment

Collection net system Improves harvesting efficiency and reduces contamination

Set of nut-picking tools Improved harvesting efficiency

Drying

Drying yard Prevents spoilage and reduces food loss

Solar drier with humidity control
A solar-powered unit with humidity control that dries raw cashew nuts under 
optimal conditions, thereby minimizing mould and spoilage

Storage

Ventilated storage facility
Protects produce from extreme weather, helps manage pests and diseases, and 
reduces food loss

Temperature and humidity control 
system

Proper storage conditions protect produce from extreme weather, help manage 
pests and diseases, and reduce food loss

Post-production

Primary  
processing

Nut-cutting machine

Improves processing techniques and reduces food lossSteam boiler unit

Kernel extraction tools

Quality  
enhancement

Grading tables with lights Improves processing techniques and reduces food loss

Moisture-testing equipment Improves processing techniques and reduces food loss

Packaging unit
Reduces physical damage, protects products from contamination and improves 
shelf life

Quality 
assurance

Kit to test for aflatoxin
Detects and mitigates contamination, safeguards food safety, preserves food 
quality and reduces food loss

Table 2.1  Selected technology interventions along the cashew nut value chain in Kampong Thom, Cambodia (Forthcoming FAO, 2025).

The Cambodian case study, demonstrate how climate tech-
nologies can strengthen resilience across all stages of the 
agrifood system, from production to processing, distribution, 
and consumption. Targeted interventions including biobased 
technologies, capacity building, and skills and knowledge de-
velopment for vulnerable smallholders demonstrate the im-

portance of context-specific strategies to enhance adaptation, 
livelihoods, and sustainable agrifood system transformation.

While section 2.2 focuses on climate technology adaptation in 
agriculture and forestry sector, section 2.3 focuses on climate 
technology mitigation.
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2.3. SELECTED BIOBASED TECHNOLOGIES FOR 
CLIMATE ACTION 
This section outlines selected biobased technologies in terms 
of the potential of biomass conversion technologies, Bio-
CCUS, biobased materials.

2.3.1 Biomass Conversion Technologies 

Biomass conversion processes transform biological resources 
into solid, liquid and gaseous biofuels, power and heat, reduc-
ing dependence on coal, oil and natural gas. as illustrated in 
Figure 2.3. Biofuels can be loosely divided into low-grade fuels 
for heating and power and “drop-in fuels” which can directly be 
substituted for petroleum-based transport fuels. Each biofuel 
pathway undergoes a detailed life cycle analysis to determine 
its GHG emissions. Generally, biofuels that involve more pro-
cessing steps, such as those used for transport fuels, tend to 
have higher emissions during conversion, although the actual 
impact depends on factors such as the type of feedstock, pro-
duction methods and local conditions. However, factors such 
as the type and availability of biomass, geographic location and 
existing infrastructure can significantly influence the overall 
GHG impacts. Moreover, the potential of any process is closely 
tied to regional conditions, for example, whether solid fuels are 
commonly used, the presence of gas or liquid pipeline systems 
and the distance to key markets. Importantly, assessing only the 
supply chain carbon footprint does not capture the full picture. 
In general, electrification and the use of biofuels can be com-
plementary strategies for decarbonizing the transport sector. 

Technologies should be evaluated neutrally, using life cycle 
analysis to assess their overall impact. It is important to con-
sider factors such as biomass type and availability, as well as 
the specific energy services being replaced. For example, elec-
trification may be well suited to heating and commuter trans-
port, whereas biofuels may remain necessary for aviation and 
heavy-duty vehicles (See Chapter 4 on research, development 
and innovation investments related to complex processing 
and conversion challenges). For instance, oilseed crops may 
compete with food production, whereas lignocellulosic crops 
can often be integrated into farming systems in lower-pro-
ductivity environments, thereby reducing direct competition 
for arable land. Additionally, scaling biomass demand can in-
crease land competition, although the extent of this impact 
depends on the specific context. For example, in Brazil, biofu-
el growth has not harmed food production or land. The coun-
try became a leading exporter of agricultural commodities 
while producing biofuels. Pasture intensification freed up land 
without reducing meat output. In 2024, Brazilian food items 
supported around 900 million people, roughly 11 per cent of 
the global population. Biofuel production advanced alongside 
environmental protection measures (IEA, 2025). This demon-
strates that, under suitable conditions, bioeconomic growth 
can align with food security and sustainable land use.
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Biomass to gas
Biomass can be converted to renewable natural gas, hydrogen 
or synthesis gas via anaerobic digestion, gasification or hy-
drothermal gasification. Anaerobic digestion, where bacteria 
break down organic matter in the absence of oxygen, produces 
a biogas (renewable natural gas), which can be used as a fuel 
or intermediate. The by-product “digestate”, can be used as a 
fertilizer in agriculture or compost material. Biomass does re-
quire an additional drying step but the process is slow relative 
to thermal processes. In gasification, biomass must be dried 
and then combined with a gasifying agent (air, oxygen, steam 
or an air-steam combination) at temperatures greater than 700 
degrees Celsius. The gas which is generated can be used di-
rectly in gas turbines (producer gas) or purified for hydrogen, 
or as feed for conversion to drop-in fuel (syngas) via the Fish-
er-Tropsch (FT) process. Processes can be operated at lower 
temperatures when a catalyst is used. Where the gasifying agent 
is air, the main product is a producer gas and when the main 
gasifying agent is steam, the product is a syngas and is richer in 
H2 (Alves et al. 2023). Hydrothermal gasification (HTG) is an 

emerging technology where water is combined with the bio-
mass. It is best used for “wet” waste (e.g. municipal sludge) and 
produces a richer hydrogen gas stream. The HTG process uses 
a lower temperature (~400 degrees Celsius) in comparison with 
gasification but requires higher pressures (more than 200 bar), 
which impacts overall feasibility and operation. 

While anaerobic digestion is commercially mature and scal-
able, particularly at municipal and industrial levels, gasifica-
tion remains less widespread due to its complexity and high 
capital costs. However, the variety of potential applications 
(from a source of hydrogen to power via producer gas to 
transport fuels) makes gasification attractive, especially as 
new catalysts and reactor designs evolve.

Scalability considerations:
•	 The digestion (biological) process is slow, and biomass re-
quires pre-treatment
•	 Gasification (thermal) is energy/capital-intensive and sen-
sitive to feedstock quality

14

Biomass to liquid products
Liquid intermediates/fuels can be produced via fast pyroly-
sis, hydrothermal liquefaction, hydrolysis and fermentation 
and transesterification. Products include renewable diesel, 
biodiesel, jet fuel and sustainable aviation fuel (SAF). SAF 
has a similar function to petroleum-based jet fuel (kerosene) 
but has significantly lower GHG emissions (Wang, Ting and 
Zhao 2024). Fast pyrolysis can process (i) waste solid biomass 
(municipal solid waste, forestry residues, fish offal etc.) or (ii) 
lipid/oil-based waste (e.g. waste cooking oil, algae lipids, etc.). 
In solid biomass pyrolysis, three products are produced: liquid 

(bio-oil), solid (biochar) and gas. The yield products depend 
on the type of biomass, temperature and time. Fast pyrolysis 
occurs at moderate to high temperature (between 450 and 600 
degrees Celsius) and processing times last minutes. The gases 
produced can be combusted to provide process heat. The bio-
oil can be used as low-grade heating fuel or further refined 
to produce a drop-in fuel. The biochar can be used as solid 
fuel or in other applications (outlined in more detail in the 
following section). In waste bio-oil pyrolysis, the product is a 
liquid hydrocarbon that requires refining in order to produce 
drop-in fuel (i.e. renewable diesel or jet fuel).

Table 2.2  A summary of biomass-to-gas options by technology maturity, scalability and the associated range of GHG per megajoule of fuel energy. 

Technology Maturity Scalability 
GHG range 
(gCO2e/MJfuel)

Note 

Anaerobic 
digestion

Mature and 
commercially 
deployed

High
-50 to 8.4 
(Li and Wright, 
2020)

Widely used for municipal and agricultural waste. 
Slow process. By-product digestate. 

Fermentation 
to bio-H2

Lab-scale Unknown
5 to 17 (Luo et 
al. 2025)

Low yield of H2. High production costs relative 
to thermochemical processes. Process could be 
improved with optimization of biological activity and 
system conditions. 

Thermal 
gasification

Mature Medium-high
0.31-27 without 
carbon capture 
-102 to -153 
with CC (H2 
production) (Sher 
et al. 2025)

Suitable for dry biomass. Small scale (<200 kW) sys-
tems widely deployed globally. Larger scale systems 
(1-160 MW) operating across Europe. Feedstock 
pre-treatment required (drying).

Catalytic 
gasification

Emerging-
demonstration stage

Medium
Catalyst allows for reduced energy/operating costs, 
enhancing long-term potential.

Hydrothermal 
gasification

Emerging Low-Medium
Not enough data/
analysis

Suitable for wet biomass streams. High pressures 
(more than 200 bar) and water treatment limits feasi-
bility and cost-effectiveness. 
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Pyrolysis requires a dry feed, whereas hydrothermal liquefac-
tion (HTL) is ideal for a “wet” biomass. HTL occurs at lower 
temperatures (between 280 and 400 degrees Celsius) and pro-
duces a liquid (bio-oil) with by-products of solid hydrochar and 
gases. The bio-oil requires further refining to produce drop-in 
fuels (Khandelwal et al. 2024). Oils extracted from algae, plant 
seeds, and animal processing by-products can be converted 
into drop-in fuels via transesterification or the hydrogenated 
esters and fatty acid process (HEFA). Transesterification is a 
common and widely deployed process for converting oil-based 
feeds to biodiesel. Unlike catalytic pyrolysis, the product is a 
fatty acid methyl ester-based biodiesel (FAME)-. FAME acts 
the same as a diesel in but is compositionally different (Nayab et 
al. 2022). The HEFA process uses processes which are common 
in petroleum refineries, where oil-based feeds are processed 
through a series of operations to convert the lipids into hydro-
carbons. These reaction steps require hydrogen and, therefore, 
to be economically and environmentally sustainable there must 
be a “green” source of H2 (Wang, Ting and Zhao 2025).

In hydrolysis/fermentation processing, a series of processes 
(pre-treatment, enzymatic hydrolysis, fermentation, distillation 
and dehydration) break down the biomass to produce alcohol, 
hydrogen or hydrocarbons. Ethanol and n-butanol are the most 
common alcohol products. The solid residue digestate can be used 

in fertilizer and livestock feed. The alcohol can be used in fuel 
blends or converted via chemical processes such as Alcohol-to-Jet 
(ATJ), where the alcohol is transformed through a series of unit 
operations to a jet fuel-grade hydrocarbon. Through proper se-
lection of microorganisms, fermentation can produce hydrogen 
or hydrocarbon instead of alcohol. The hydrocarbons can then 
be upgraded to drop-in fuels (referred to as the “direct sugar to 
hydrocarbons” process or DSHC) (Wang, Ting and Zhao 2025).

Key biomass-to-liquid fuel technologies include fast pyroly-
sis, HTL, fermentation processes such as ATJ and DSHC, and 
lipid-based methods such as HEFA and transesterification.

Scalability considerations:
•	 �FAME-based biodiesel derived from oilseeds and waste 

oil and ethanol from sugar/starch-based crops are widely 
used as stand-alone fuels or blended with petroleum fuels. 
Renewable diesels and SAFs etc. are new to the market and 
are not as widely deployed (see Table 2.3). 

•	 �Refining bio-oils to produce drop-in fuels requires high 
capital and energy input. 

•	 �Feedstock variability and the need for hydrogen (especially 
for HEFA) constrain scalability.

•	 �Commercial deployment, mostly of SAF and renewable 
diesel, is not yet widespread.

Table 2.3  A summary of Biomass to Liquid products by technology maturity, scalability and the range of associated GHG per megajoule 

Technology Maturity Scalability GHG range (gCO2e/MJfuel) Note

Fast pyrolysis
Early 
commercial

High
11 to 30 (Kulikova et al. 2024; 
Sun et al. 2023; and Karimi, 
Simsek and Kheiralipour, 2025)

Suitable for dry biomass. Bio-oil requires 
upgrading for use as transport fuel. 

Hydrothermal 
liquefaction (HTL)

Pilot to early com-
mercial

Medium-
high

26 to 300 (Luo et al. 2025; 
Brown and Tao 2023)

Ideal for wet biomass. High-pressure 
results in high energy/costs. Bio-oil/crude 
must be upgraded for transport fuels.

Transesterification 
(FAME biodiesel)

Commercially 
mature

High
-20 to 40 (van Dyk,S. and 
Saddler,J., 2024; Corsia 2022; 
Usman, M. 2025)

Well-established technology using waste or 
plant oils. Compatible with existing diesel en-
gines. Infrastructure and global deployment 
(small and large scale) already in place. 

HEFA (hydropro-
cessed esters and 
fatty acids)

Commercial, 
scaling up

Medium 
to High

5 to 70 (Karimi, Simsle and 
Kheiralipour 2025; Bascones, 
A., Hannula, I. 2024; Brown, C. 
and Tao, L. 2023)

Scalable with available lipid feedstock but 
limited by green hydrogen supply and high 
CAPEX. 

Hydrolysis + 
fermentation

Mature for etha-
nol; emerging for 
higher order alco-
hols/hydrocarbon

Medium
-25 to 125 (Bascones, A, Han-
nula, I. 2024; Sun et al. 2023; 
van Dyk and Saddler, J. 2024)

Ethanol production is widespread.

Alcohol-to-Jet (ATJ) Emerging
Low to 
Medium

10 to 90 (Brown, C. and Tao, L. 
2023)

Pilot/pre-commercial stage. Dependent on 
alcohol feedstock cost and policy support.

Direct sugar to hydro-
carbon (DSHC) also 
known as synthesized 
isoparaffin (SIP)

Emerging Low
20 to 120 (Brown C. and Tao, 
L. 2023)

Biotechnologically promising but not yet 
commercially viable due to low yields and 
competition with pharmaceutical/cosmetic in-
dustry. Scaling depends on breakthroughs in 
microbial engineering and process economics.
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Biomass to solid bioenergy/fuel
Biomass can be converted to a biochar/pellet or used directly 
“as is” in power generation. Electricity is generated from the 
combustion of biomass and the waste heat is recovered. This 
is referred to as combined heat and power (CHP). All types of 
biomasses can be used in direct combustion, but higher-mois-
ture-content biomasses are less efficient due to the drying step 
required and high ash biomass can be problematic.6 Torrefac-
tion is a lower temperature pyrolysis (~ 300 degrees Celsius) 
over several hours, while slow pyrolysis is performed at the 
same temperatures with longer processing times (measured 
in hours). Torrefaction and slow pyrolysis favour a solid fuel 
(biochar). In hydrothermal carbonization (HTC) the primary 
product is a solid “hydrochar”, achieved at lower temperatures 
than HTL or between 180 and 280 degrees Celsius (Khandel-
wal et al. 2024). As with HTL, HTC is ideal for “wet” biomass. 

6	 Biomass-fired power plants that use high ash feedstocks such as green plant 
matter, manures or animal carcasses often encounter significant challenges with 
material handling and slagging.

Biochar and hydrochar are the base material for palletization 
to a solid fuel (depending on the heating value and ash con-
tent), soil amendment, construction materials, energy and hy-
drogen storage, catalysts, microbial substrates and adsorbent 
in wastewater treatment and CO2 capture. Biochar from ag-
ricultural, forestry, industrial and municipal waste sequesters 
carbon that would have otherwise been emitted via decompo-
sition, reducing GHG emissions. (Guo et al. 2023)

Technologies such as direct combustion for CHP, torrefaction, 
slow pyrolysis, HTC and biochar production represent key 
thermal conversion routes for biomass (See Table 2.4). 
Scalability Considerations:
•	 Moisture content reduces efficiency in combustion
•	 �HTC still emerging and more common in niche or decen-

tralized uses

Table 2.4  A summary of biomass to solid fuel options by technology maturity, scalability and the range of associated GHG per megajoule of 
fuel energy.

Technology Maturity Scalability 
GHG range (gCO2e/
MJfuel)

Note

Combined heat and power Mature High
23 to 80 (Zheng et al. 
2022)

Widely used for all biomass types. Efficiency 
drops with high-moisture feedstocks. 

Torrefaction
Emerging to 
mature

Medium
28 to 361 (Watson et 
al. 2024)

Produces biochar with improved fuel properties 
relative to feedstock. Best with dry biomass.

Slow pyrolysis
Emerging to 
mature

Medium
Produces biochar, improved fuel properties 
relative to torrefied biomass and feedstock.

Hydrothermal carbonization 
(HTC)

Pilot to 
emerging

Medium
83 to 181 (wet biomass) 
(Watson et al. 2024)

Ideal for wet biomass. High-pressure operation 
may be limiting due to energy costs.

Biochar applications
Mature (in 
niche uses)

High
Net decrease due to  
sequestration

Mature deployment to soil and fuel applica-
tions, less developed as adsorbent for gas/
wastewater treatment, catalyst, etc.

2.3.2 Biogenic Carbon Capture Utilization and 
Storage (Bio-CCUS)

The Sixth Assessment Report from the IPCC (IPCC AR6) em-
phasized that the world must achieve net zero carbon dioxide 
emissions by 2050 and ensure the attainment of net-negative 
carbon emission to mitigate the catastrophic challenges posed 
by climate change. It has been projected that between five and ten 
billion tons (Gt) of CO₂ must be removed annually by 2050 to 
keep global warming below 2 degrees Celsius. Capturing biogen-
ic CO2 could play an important role in this process (IPCC 2023; 
and UNEP 2023a). Biogenic CO2 is carbon dioxide originating 

from biogenic sources including solid biofuels, agricultural resi-
dues, forestry and farming waste. Unlike carbon emissions from 
fossil fuel, biogenic CO2 is released from relatively recent carbon 
fixation and is considered to be part of the biogenic or natural 
short-term carbon cycle. When biogenic CO2 is captured, uti-
lized and stored it is referred to as Bio-CCUS (As outlined in 
the introduction to Chapter I). IPCC AR6 presented scenarios 
showing that the cumulative global CDR (Carbon Dioxide Re-
mova) from BECCS and DACCS (Direct Air Carbon Capture 
and Storage) must reach between 30 and 780 Gt CO2 and be-
tween 0 and 310 Gt CO2, respectively, between 2020 to 2100 to 
keep global warming within 1.5 degrees Celsius with minimal 
or no overshoot (UNEP 2023a). According to the UNEP Emis-
sions Gap Report 2024 (UNEP 2024b), which assessed sectoral 



17

mitigation potentials from 2030 and 2035, BECCS is projected 
to achieve a 1.5 Gt CO2 removal capacity by 2035, whereas the 
contribution from DACCS was cited as “small”. Nonetheless, the 
report highlighted key investment areas, including carbon cap-
ture, electrification of industrial processes, energy efficiency and 
recycling, which are essential to meet climate mitigation goals.

The International Energy Agency (IEA) estimated that Bio-
CCUS needs to remove approximately 185 Mt CO2 per year by 
2030 to reach net zero emissions (NZE) by 2050 (IEA 2025). 
However, despite the potential of CDR (including BECCS and 
DACCS), at present only 2 Mt of biogenic CO2 per year is 
being captured, mainly in bioethanol applications. The heat 
and power sector could potentially remove 30 Mt of biogenic 
CO2 per year by 2030. Although Bio-CCUS plans are encour-
aging, they are insufficient for the NZE scenario for 2050, 
which requires the removal of approximately 45 Mt biogenic 
CO2 per year from the power sector, 120 Mt biogenic CO2 per 
year in the fuel transformation sector and 25 Mt biogenic CO2 
per year from the hard-to-abate (mainly cement) industry by 
2030, compared to the currently projected ~60 Mt biogenic 
CO2 per year (projects in pipeline) (IEA 2025). Furthermore, 
the IEA also estimated that BECCS and DACCS techniques 
could globally remove 1.9 Gt CO2 annually by 2050 (IEA 
2021). A recent report on defossilizing the petrochemical in-
dustry provided detailed insights into the transition of the 
petrochemical industry from fossil-based to renewable feed-
stocks and the associated challenges  (Quadrature Climate 
Foundation 2025). It highlighted that replacing fossil-based 
carbon with biogenic carbon will drastically increase the de-
mand for biomass, which may not be sustainable on a global 

scale. Additionally, transitioning the petrochemical industry 
towards renewable feedstock requires significant investment 
in innovation, supported by strategic planning, governmental 
policy and business support mechanisms (See chapter 5 on 
the policies and regulatory frameworks needed for bio-based 
technologies to effectively compete with fossil fuel-based 
technologies). For instance, producing low-carbon chemicals 
is significantly more expensive, with bio-methanol costing in 
the range of US$320 to $770 per ton compared to fossil-fu-
el-based methanol which stands at between $100 to $250 per 
ton (IRENA and Methanol Institute 2021).

CDR pricing is based on the extraction technology, measure-
ment, reporting and verification, and durability of storage 
methods. CDR pricing fluctuates significantly, with DACCS 
costing ~$1000/tCO2e whereas BECCS is in the range of $100 
– 300/ tCO2e (CDR.fyi 2025). Additionally, DACCS requires 
large amounts of cheap carbon-free energy (between 2000 and 
2400 kWh/t CO2) to be economically and environmentally vi-
able. While BECCS is regarded as one of the most promising 
CDR methods, the availability of biomass remains a limiting 
factor. Recent studies highlighted biomass gasification for hy-
drogen production with carbon capture and storage (BHCCS) 
as a key emerging negative emissions technology over biomass 
combustion with carbon capture and storage for electricity gen-
eration (BECCS) (Wu et al. 2023 and Bakkaloglu et al. 2024). 
The results showed that a solid DACCS system with integrated 
industrial waste heat emerged as the most cost-effective option, 
increasing total CO₂ removal by 14.4 per cent (Bakkaloglu et al. 
2024). Figure 2.4. shows carbon capture and utilization, includ-
ing biobased (IRENA 2021).

Figure 2.4 Conceptual diagram of carbon capture, including bioenergy carbon capture, utilization and storage (BECCUS) 

(Source: (Lyons et al 2021).
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2.3.3 Sustainable Agriculture and Land-Use 
Technologies 

Climate technology in the land sector will improve land pro-
ductivity, enhance carbon sinks, reduce emissions from agri-
culture and increase the resilience of agricultural production 
to climate change impacts. The agriculture, forestry and land-
use (AFOLU) sectors are the source of significant emissions of 
GHGs but provide substantial potential for CDR technology 
implementation. These CDR technologies provide opportuni-
ties for both near and long-term carbon storage with flexibili-
ty and precision making them useful in all national and global 
mitigation strategies. There is a wide variety of technologies, 
but their effectiveness depends on tailoring them to local 
conditions and needs, as this sector requires substantial local 
co-development to ensure durable carbon storage.

The implementation of sustainable agriculture technologies 
that improve soil carbon in grasslands, pasture lands and 
croplands demonstrate the need for specific technology us-
age, as the differences in agroecosystems across regions, coun-
tries and continents require varying implementations of the 
related crop management, grazing management, soil tillage 
and fertilizer usage technologies (Bai and Cotrufo, 2022; Less-
mann et al. 2022). Due to this, there is a significant range 
of mitigation potential related to soil carbon sequestration 
in grasslands, pasture lands and croplands. There is likewise 
a large range of mitigation potential related to afforestation, 
reforestation, agroforestry and improved forest management 

(see Table 2.5). However, rather than the range depending on 
technology adoption, this range is more substantially due to 
the variance in global estimates of the amount of land avail-
able for afforestation and reforestation along with the amount 
of carbon that can be sequestered in these areas (Buma et al. 
2024). Peatland restoration as a CDR technology suggests that 
significantly slowing the destruction of forests and peatlands 
is crucial for any effective carbon storage strategy.

The use of biochar has a significant potential as a method for 
long-term storage of carbon within agricultural fields while 
improving productivity but has a relatively low rate of imple-
mentation when compared to other types of AFOLU CDR 
technologies (Weng and Cowie 2025). Future upscaling of this 
technology could be beneficial in carbon sequestration in com-
bination with other sustainable agriculture land-use practices. 
“Blue” carbon CDR technologies, in the form of mangrove re-
forestation as well as seaweed and seagrass carbon sequestra-
tion, provide additional pathways to climate mitigation (Ber-
tram et al. 2021; Buma et al. 2024; Pessarrodona et al. 2023; 
Song et al. 2023). While blue carbon shows relatively lower mit-
igation potential, it has other co-benefits by acting as a natural 
barrier and reducing wave energy. The relative permanence of 
sequestered blue carbon is highly variable, as coastal areas are 
prone to natural disturbances, such as storms, that can release 
the captured carbon. While the global scale of these pathways 
is significantly smaller than other types of AFOLU CDR, their 
use is necessary for short-and long-term carbon sequestration. 

Table 2.5 Technology pathway for Biological based CDR.7

Technology options Mitigation potential (Gt CO2e/year)
Confidence in tracking mitigation from 
increased adoption8 

Afforestation and Reforestation 1.47-5.958 Medium-high

Improved forestry management 0.44-6.618 High

Agroforestry 0.19-3.798 High

Biochar 2.6-10.39 Low-medium

Soil Carbon Sequestration in grasslands 
and pasture lands

2.38-7.4710 Low-medium

Soil Carbon Sequestration in croplands 1.03-1.6111 Medium

Peatland restoration 1.1- 2.612 Medium

Mangrove Restoration 0.62-0.758 Medium

Seaweed 0.00-0.628 Low

Seagrass 0.03-0.513 Low

7  Please note, CDR methods here are referring to definition derived from IPCC AR 6. 

8  (Buma et al. 2024)

9  (Weng and Cowie 2025)

10  (Bai and Cotrufo 2022)

11 (Lessmann et al. 2022)

12  (Strack et al. 2022)

13  (Bestram et al. 2021)
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The implementation of sustainable agriculture and land-use 
CDR technologies must be conducted from a systems per-
spective, as there could be significant secondary effects to 
global abiotic and biotic flows inadvertently caused by their 
use. For instance, large-scale afforestation could influence 
global water cycles, either mitigating or exacerbating previous 
effects of climate change. Iterative modelling work is needed 
to explore the impacts of the large-scale implementation of 
these technologies. These CDR technologies can also have 
substantial co-benefits in achieving the United Nations SDGs 
by improving food security, farmers’ incomes and resilience 
to climate shocks. However, as many of these technologies 
rely on stakeholders’ consistent long-term usage of specific 
practices, there is a risk that internal and external pressures to 
change practices will result in the release of the captured car-

bon. Emphasizing and exploring these co-benefits and risks 
through modelling and stakeholder involvement will deepen 
the understanding of the implementation capacity of these 
CDR technologies. Close attention must be paid to the sci-
entific literature regarding the changing estimated potential 
of AFOLU CDR technologies, as estimation methodologies 
are regularly updated as increased data is generated and the 
scientific literature develops through increased focus on these 
key sectors. Figure 2.5 depicts the taxonomy of CDR tech-
nologies, including natural-based and technological-based 
options. It should be noted that there is potential overlap be-
tween land-based and biomass-based CDR, by considering 
the same biomass sources (for soil carbon sequestration or 
biochar allocation) or the same land (for biomass crops for 
biochar or reforestation allocation).

Figure 2.4 Taxonomy of carbon dioxide removals (Castellanos et al. 2022).14

14   The biological and land-based CDRs are all CDR except: DACCS, which is enhanced  
weathering, ocean alkalinity enhancement and ocean fertilization.

2.3.4 Biobased Materials 
The transition from fossil-based to bio-based materials rep-
resents a key pathway towards decarbonizing industrial 
systems within the broader bioeconomy. By reducing con-
ventional, fossil-derived inputs with renewable and often bio-
degradable alternatives, biobased materials offer substantial 
GHG emission reductions, improved material circularity and 
the potential for carbon capture and storage within products. 
Sourced from renewable biological resources such as biomass, 
agricultural residues and algae that can be replenished over 

time, biobased materials provide a regenerative alternative to 
finite fossil-based resources. When managed sustainably, they 
form the foundation for more circular and resilient material 
systems.

Beyond simply substituting renewable resources for fos-
sil-based ones, deploying biobased materials within circular 
practices such as reuse, recovery, regeneration and ecological 
restoration can help close material and carbon loops, further 
advancing sustainability. Biobased materials are increasingly 
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integrated across diverse sectors, offering ways to reduce reli-
ance on fossil-based resources and contribute towards bioeco-
nomy objectives, as illustrated in the following case studies.

•	 �Construction: hempcrete and biochar-infused con-
crete are emerging as sustainable alternatives to car-
bon-intensive cement, with the ability to sequester 
CO₂ within built environments for decades (Lehne 
and Preston 2022). Other emerging but less common-
ly discussed examples include cross-laminated tim-
ber (CLT), mycelium composites and bio-bitumen. 

•	 �Packaging: bioplastics made from starch, polylactic acid 
(PLA) and polyhydroxyalkanoates (PHA) reduce depen-
dence on petrochemicals and support biodegradability, 
contributing to lower emissions and packaging waste 
(Sobeih et al. 2025). Other emerging but less commonly 
discussed examples include cellulose-based films, starch-
based packaging and mushroom packaging (Pohan et 
al. 2023; Chen et al. 2023; Mohammadian et al. 2025). 

•	 �Textiles: natural fibres such as hemp, flax and lyocell are be-
ing used to replace synthetic fibres such as polyester, result-
ing in lower production emissions and improved end-of-
life sustainability (You et al. 2023). Other emerging but less 
commonly discussed examples include Piñatex (leather al-
ternative from pineapple leaf fibres) and bacterial cellulose. 

•	 �Agriculture: the application of biochar to soils improves fer-
tility and supports long-term carbon sequestration, while 
agricultural residues are increasingly valorized for material 
production such as fuels, feeds and foods (Chiaramonti et al. 
2025; Wang et al. 2025). Other emerging but less commonly 
discussed examples include biodegradable mulch films (from 
starch or PLA), biobased fertilizers (from algae, food waste, 
compost and other organic waste) and biopesticides (from 
plant extracts or microbes) (Wang et al. 2025).

Integrating biobased materials with circular practices can play 
a key role in reducing fossil-based inputs and lowering emis-
sions across sectors. However, without systemic shifts such 
as a move towards closed-loop supply chains, regenerative 
practices and infrastructures that support material recovery 
and investing in the development of robust and widely agreed 
sustainability measurement frameworks, most biobased sys-
tems would risk replicating the linear models they are intend-
ed to replace. Several gaps needs to be addressed to implement 
biobased materials: (1) the continued reliance on virgin bio-
mass instead of waste or residue streams; (2) linear life cycles, 
where biobased materials are often not designed for reuse, 

repair or high-value recycling; (3) lack of infrastructure for 
composting, separation or material recovery; and (4) limit-
ed integration of ecosystem regeneration and land-use effi-
ciency in biomass production. Addressing these challenges is 
essential if the bioeconomy is to evolve towards circular and 
regenerative systems that deliver both climate mitigation and 
broader sustainability outcomes.

2.4  CONCLUSIONS
This chapter highlights the wide-ranging application of the 
bioeconomy across agriculture, forestry, energy, land use, 
industry and the waste sector. Several biobased technolo-
gies are already mature, such as climate adaptation measures 
and biomass conversion, while others, including BECCS and 
biobased materials, show strong potential for future deploy-
ment. CDR technologies are at varying stages of maturity and 
offer diverse levels of mitigation potential.

Biomass conversion technologies 
•	 �Biomass to gas: Anaerobic digestion is commercially ma-

ture at scale; gasification shows promise but remains lim-
ited by cost and complexity.

•	 �Biomass to liquid products: Some technologies (e.g. trans-
esterification, HEFA) are mature but scaling demands low-
er costs, stable feedstocks and green hydrogen.

•	 �Biomass to solid fuels: Mature for power generation. Bio-
char use is growing, with scale-up reliance on regulatory 
support and co-benefit recognition. 

Carbon sequestration and utilization technologies
•	 �Reducing reliance on fossil-based carbon by using biogenic 

carbon is increasingly viewed as a promising pathway for 
decarbonization. However, scalability remains a signifi-
cant challenge. Key factors that hinder progress include 
sustainable biomass sourcing, upgraded infrastructure and 
significant investment. 

•	 �The IPCC AR6 estimates that to limit warming to 1.5 degrees 
Celsius, cumulative CDR from BECCS and DACCS must reach 
30–780 Gt CO2 and 0–310 Gt CO₂, respectively, by 2100. Cur-
rently, only 2 Mt of biogenic CO₂ is captured annually, mostly 
from bioethanol, and existing Bio-CCUS efforts fall short of 
what is needed for the 2050 net zero emissions scenario.

•	 �BECCS is often positioned as a leading CDR option due to its 
potential for large-scale, durable carbon storage. However, its 
promise is tempered by challenges around sustainable biomass 
availability, land competition and infrastructure requirements. 

•	 �BECCS should be seen as one part of a broader portfolio of 
land-based and biologically driven CDR approaches. Other 
nature-based solutions including afforestation and reforesta-
tion, agroforestry, improved forest management, biochar 
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application and soil carbon sequestration in grasslands and 
pasture lands, offer substantial mitigation potential. 

•	 �These approaches can provide more immediate co-benefits 
for biodiversity, livelihoods and resilience, while avoiding 
some of the scale-related constraints of BECCS. Current 
estimates suggest that, depending on the technology and 
context, land-based CDR could contribute between 0.5 and 
10.7 GtCO₂e per year.

Sustainable agriculture and land-use technologies 
Sustainable agriculture and land-use technologies are criti-
cal for improving land productivity, enhancing carbon sinks, 
reducing emissions from agriculture and increasing the resil-
ience of food systems to climate change. 

•	 �The AFOLU sectors are both a major source of greenhouse 
gas emissions and a key area for implementing CDR tech-
nologies. 

•	 �Afforestation and reforestation offers the highest mitigation 
potential among biological CDR approaches, yet their effec-
tiveness is constrained by land availability, long-term per-
manence and variability in carbon sequestration estimates. 

•	 �Agroforestry and improved forest management also hold 
considerable promise but require supportive land-use gov-
ernance and monitoring frameworks. 

•	 �Despite its potential, the deployment of biochar remains 
limited, highlighting the need for greater investment and 
policy support. Overall, expanding and protecting natural 
carbon sinks through integrated land-use strategies will be 
essential to meeting global climate goals.

•	 �In the agriculture sector, climate intervention technologies 
such as biofertilizer production tools, pesticide management 
and water irrigation systems have been identified as tools to 
reduce the climate risk impact in the agriculture products. 
In the energy domain, technological advancements such as 
SAF show strong potential for reducing GHG emissions.

Biobased materials
•	 �Most bioeconomy applications today remain linear, using re-

newable inputs without fully closing material or carbon loops 
•	 �Emerging uses include biochar-infused concrete and 

hempcrete in construction, which can store carbon over 
long periods, and bioplastics in packaging, which help re-
duce petrochemical use and plastic waste. 

•	 �Key barriers to scaling biobased materials include a con-
tinued dependence on virgin biomass rather than waste 
or residues, limited circularity in product lifecycles, inad-
equate systems for composting and material recovery, and 
poor alignment with regenerative land-use practices.

Photo: Pexels



CHAPTER HIGHLIGHTS

•	 The bioeconomy encompasses a broad spectrum of biobased technologies, each with distinct 
feasibility profiles depending on context, scale, and feedstock. This assessment focuses 
specifically on bioenergy technologies as a key segment within the broader bioeconomy. 

•	 Biogas from waste streams offers strong synergies across mitigation, adaptation, 
and the SDGs. First-generation biofuels are mature but raise land-use, biodiversity, 
and food security concerns, requiring safeguards. Second-generation options offer 
improved environmental performance, though cost and logistics remain challenges. 

•	 Waste-based biogas stands out as the most viable of the assessed bioenergy technologies, 
delivering strong mitigation and adaptation outcomes alongside significant socio-
environmental co-benefits.

•	 Advanced biofuels like algal fuels and biohydrogen hold long-term promise but are 
currently constrained by high costs and low technical readiness. Meanwhile, conventional 
liquid biofuels (e.g., ethanol and biodiesel) often face feasibility challenges due to land-
use pressures and sustainability concerns. 

•	 Integrating bioenergy technologies into broader energy systems is essential for enhancing 
climate resilience and energy security. The dispatchability and system integration 
potential of solid, liquid, and gaseous bioenergy enable flexible storage, logistics, and 
blending with existing infrastructure, particularly gas systems. 

•	 Bioenergy and biomass strategies should be pursued as part of an inclusive, just, and low-
emission transition, aligned with the Paris Agreement and the Sustainable Development 
Goals, especially in support of Indigenous Peoples and marginalized communities. 

•	 There is strong regional variation in the feasibility and deployment of bioenergy technologies. 
In developing economies, there is an urgent need to transition from traditional biomass to 
cleaner, modern bioenergy pathways aligned with climate-resilient development.

•	 In rural areas of developing countries, simple and decentralized bioenergy technologies, 
such as biogas, improved cookstoves, and biomass briquettes, demonstrate high 
feasibility and deliver strong co-benefits for health, livelihoods, and climate resilience. 

•	 Achieving scale and equitable outcomes depends on institutional feasibility, which 
varies across contexts and technologies, and requires alignment with national policy 
frameworks, climate finance mechanisms, and clear governance arrangements.
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3.1 INTRODUCTION AND FRAMING
This chapter evaluates the feasibility of biobased technologies 
for climate adaptation and mitigation. Specifically, it assesses 
biobased technologies within the areas of biomass conversion, fo-
cusing on bioenergy in the area of sustainable agriculture and land 
use such as agroforestry and forest-based adaptation (FbA), and 
on biobased materials such as bioplastics and wood for building 
materials (See Appendix 1, Box 1, FA on biomaterial in buildings). 
The technologies are selected to reflect the competing demands 
on landbiodiversity, food production, nature-based solutions, and 
carbon dioxide removal as outlined in the rationale in Chapter 1. 
Building on previous CTPRs and the Sixth Assessment Report 
from the IPCC, this chapter provides a feasibility assessment of 
these biobased technologies at global and regional scales. The 
analysis highlights differences in feasibility profiles across regions, 
reflecting divergent resource endowments, institutional capacities 
and socioeconomic contexts. 

The chapter is structured around a system transitions frame-
work that links adaptation and mitigation responses to the 
sociotechnical transitions required to reduce emissions and 
generate the socio-ecological resilience needed to reduce vul-
nerability. Biobased technologies interact with broader transi-
tions in energy, agriculture, water, land use and health systems, 
as well as with social transitions in equity and justice. This ap-
proach helps illuminate both synergies (e.g. biogas simultane-
ously mitigating methane, reducing indoor air pollution and 
improving gender equity) and trade-offs (e.g. biofuels compet-
ing with food production or biodiversity conservation). The 
system transitions framework is critical to understanding the 
role of technologies in achieving the more fundamental trans-
formation needed to develop climate resilience. 

3.2 FEASIBILITY ASSESSMENT FRAMEWORK

3.2.1. Technology portfolios

In order to conduct a regional and global level assessment, 
biobased technologies are assessed as follows:

1.	 �Biomass conversion in rural contexts in developing coun-
tries to address energy poverty and regional assessments 
of biomass conversion for biofuel or electricity production, 
including distributed generation applications. 

2.	 �Sustainable agriculture and land use at the regional level, 
including biobased technologies within agroforestry and 
Forest-based adaptation (FbA).

3.	 �Biobased materials at the global level, namely bioplastics 
and the use of biobased materials (e.g. biomaterials for the 
building sector). 

3.2.2 Approach 

This chapter employs the well-established “feasibility assessment” 
methodology which first appeared in IPCC Special Report on 
Global Warming at 1.5C published in 2018, which developed a 
multidimensional approach to assess “the degree to which cli-
mate goals and response options are considered possible” (IPCC 
2018). See Appendix 3 (separate file, available online) for full 
details on how the feasibility assessment approach was applied 
in this chapter. In this methodology, the critical dimensions of 
feasibility are first identified and then the performance of the 
technologies on indicators that capture key elements of these 
dimensions are evaluated ​(Singh et al. 2020). This approach has 
been recognized as a useful tool for decision-making as it pro-
vides feedback about which technologies are immediately feasi-
ble, allowing technologies to be prioritized for funding and im-
plementation as well as providing a clear indication of where the 
barriers or knowledge gaps are regarding technologies that may 
be less feasible, allowing for a specific consideration of what it 
would take to improve this feasibility. Feasibility will be assessed 
for a global warming level of 1.5 degrees Celsius.

The feasibility approach taken here follows those detailed in a 
number of previous studies (IPCC 2022b; UNEP CCC 2024;  
UNEP-CCC 2023; UNEP-CCC 2024). Feasibility is not static. 
Technologies may become more or less feasible over time as costs 
fall, climate change, climate and other policies, and institutional 
capacities evolve. The feasibility assessment framework is there-
fore both diagnostic and forward-looking. It identifies which 
technologies are feasible today, which face constraints that could 
be addressed through enabling conditions and which remain 
speculative without further research and development.

For each of the biobased technologies identified, reviews of 
the literature published after the release of the AR6 were con-
ducted. The literature for this feasibility assessment is primarily 
scoped as building on the AR6 with updates between the liter-
ature cut-off dates for Working Group II (WGII) and Working 
Group III (WGIII,) and August 2025. The objective was to de-
termine whether there were any significant changes in the feasi-
bility scoring beyond the comprehensive assessment completed 
in AR6. Rather than undertaking a full systematic review, we 
carried out a targeted scan of the peer-reviewed literature to 
identify major updates and any systematic reviews that had al-
ready been published. Consequently, if a technology received 
the same score as in AR6, this indicates that no clear evidence of 
a shift in the literature was found. In cases where the assessment 
concluded that the score had not changed but stronger support-
ing evidence was available (for example, through a systematic 
review published post-AR6), this was reflected in the scoring 
of robustness and strength of evidence.



Box 3.1: Ecoregional dimension

A biobased economyincluding bioenergy, biomaterials for construction, and bioplastics primarily depends on biomass availability 

across the world’s ecoregions. This reliance involves key geophysical factors such as solar radiation, rainfall, soil fertility, and 

average temperature, all of which are unevenly distributed. Moreover, climate change affects the feasibility of biobased technol-

ogies, as biomass production is closely tied to climate dynamics. Accurate feasibility assessments must consider the specific 

characteristics of each ecoregion. For example, wood biomass shows strong potential in tropical forests but may disrupt fragile 

soils and ecosystems. In arid and semi-arid regions, water scarcity and deforestation risks limit feasibility. Boreal areas offer 

moderate potential: although low temperatures slow tree growth, the extensive forested landscapes partly compensate. Similarly, 

biogas performs best under wet digestion conditions (solid content < 15%), making it difficult to operate in dry climates though 

higher temperatures in such regions can favour the process (Trimble and van Aarde 2012).

25

It is important to note that the WGII and WGIII reports adopt-
ed different approaches to scoring technologies. WGII followed 
the methodology introduced by the IPCC, which applied a single 
overall score for feasibility (IPCC 2018). In contrast, WGIII as-
sessed increasing and decreasing aspects of feasibility separately, 
arguing that decision makers should be able to evaluate both sup-
portive and unsupportive elements of a given technology. Howev-
er, the WGII single-score approach is often more straightforward 
to interpret for screening and comparing across multiple technol-
ogies. For this reason, in this chapter we adopt the WGII approach, 
while retaining the details of scoring in the text (see Appendix 3 
for more details on the scoring and the selected dimensions).

In the case of the selected biobased technologies, some were not 
explicitly scored in AR6. However, certain aspects of the bio-
economy were considered under related technology groupings, 
such as those within circular economy frameworks. Where pos-
sible, we draw on the same references used in AR6. In addition, 
we incorporate insights from more recent literature assessed in 
the IPBES Nexus Assessment (IPBES 2024). Taken together, 
these sources allow us to evaluate whether sufficient evidence 
exists to proceed with a feasibility assessment and scoring. 

3.3 FEASIBILITY ASSESSMENT RESULTS

Photo: Pexels
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Hazard risk reduction potential
Land use

Adaptive capacity / resilience
Ecological impacts

Technical potential
Risks mitigation potential

Socioeconomic vulnerability reduction potential
Employment, economic growth and productivity enhacement potential

Microeconomic viability
Macroeconomic viability

Socio-cultural / Public acceptability
Social co-benefits

Social and regional inclusiveness
Gender equity

Intergenerational equity
Political acceptance

Legal and regulatory acceptability
Institutional capacity and administrative feasibility

Physical feasibility/potential

Feasibility
Dimensions

Economic

Institutional

Technological

Socio-cultural

Geophysical

Environmental
-ecological

HighLow Medium

Assessed
feasibility

levels

Overall feasibility across dimensions

LE

LE

LE

LE

LE

LE

LE

FA results for Adaptation, Africa

Technology

N/A  = Not applicable

LE  = Low evidence 

NE  = No evidence 

Biomass briquette / 
agroforestry 
technologies

Improved biomass 
cookstoves

Transparency and accountability potential

Biogas 
digesters

Hazard risk reduction potential
Land use change enhancement potential

Adaptive capacity / resilience
Ecological capacity

Technical resource availability
Risks mitigation potential

Socioeconomic vulnerability reduction potential
Employment and productivity enhancement potential

Microeconomic viability
Macroeconomic viability

Socio-cultural acceptability
Social co-benefits (health, education)

Social and regional inclusiveness
Gender equity

Intergenerational equity
Political acceptability

Legal and regulatory acceptability
Institutional capacity and administrative feasibility

Physical feasibility

Feasibility
Dimensions

Economic

Institutional

Technological

Socio-cultural

Geophysical

Environmental
-ecological

HighLow Medium

Assessed
feasibility

levels

Overall feasibility across dimensions

LE

LE

N/A N/A N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A N/A

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

FA results for Mitigation, Biomass

Technology

N/A  = Not applicable

LE  = Low evidence 

NE  = No evidence 

Biomass Conversion 
with & without 
CHP (Global)

Biomass Conversion 
with & without 

CHP (Africa)

Transparency and accountability potential

Biomass Conversion 
with & without 

CHP (Latin America)
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Geophysical resources

Toxic waste, ecotoxicity eutrophication
Water quantity and quality

Land use

Biodiversity

Air pollution

Simplicity

Maturity and technology readiness
Technological scalability

Costs in 2030 and longterm
Employment effects and economic growth

Public acceptance
Effects on health and well-being

Distributional effects
Political acceptance

Institutional capacity, governance, cross-sectoral coordination
Legal and administrative capacity

Physical potential

Feasibility
Dimensions

Economic

Institutional

Technological

Socio-cultural

Geophysical

Environmental
-ecological

HighLow Medium

Assessed
feasibility

levels

Overall feasibility across dimensions

LE

LE

N/A

N/A

N/A

N/A

N/A

N/A

N/A N/A

N/A

N/A

N/A

N/A N/A

N/A

LE

LE

FA results for Mitigation, Municipal Solid Waste & Biodigesters

Technology

N/A  = Not applicable

LE  = Low evidence 

NE  = No evidence 

Municipal 
Solid Waste

 (Global)

Municipal 
Solid Waste and 

biodigesters (Africa)

Municipal 
Solid Waste 

(Latin America)

3.3.1 Biomass conversion 

The assessment of biobased technologies for biomass conver-
sion, focuses on solutions that can offer promising solutions for 
sustainable development, particularly in addressing energy pov-
erty in rural contexts of developing countries. In parallel, a re-
gional assessment is carried out for the feasibility of biofuel and 
bioelectricity production. Such assessments help identify suit-
able feedstocks, optimize supply chains and support distributed 
generation applications, which decentralize energy production 
and enhance energy access and resilience. Together, these ap-
proaches contribute towards climate mitigation, rural empower-
ment and energy equity. Nevertheless, all biobased technologies 
rely on biomass production, which can be influenced by climate 
change, positively or negatively, thus raising critical sustainabil-
ity challenges for long-term resource availability (See Box 3.1).

Biobased technologies for energy poverty
Biogas and digesters
Biogas production is consistently feasible in rural contexts, par-
ticularly when based on livestock manure, crop residues and 
municipal organic waste. It provides strong synergies between 
mitigation and adaptation by reducing methane emissions, 
improving energy access and supporting agricultural systems.  

Affordability, maintenance and coherent policy frameworks 
remain important constraints (Sibanda and Uzabakiriho 2024; 
Rasimphi et al. 2024). From a resource perspective, animal ma-
nure and agricultural residues can sustain small-scale digesters 
that supply household cooking fuel and strengthen local energy 
resilience. Adoption drivers include residue availability and farm 
characteristics. Digesters designs are available across climates and 
rural settings. Larger facilities can integrate with power systems 
but face reliability, operation and maintenance challenges that 
require skilled operation (Gbadeyan et al. 2024). Household di-
gesters can achieve reasonable payback when subsidies and cred-
it reflect avoided fuel and fertilizer costs, with studies reporting 
around three-to-seven-year ranges depending on context (Ged-
dafa et al. 2023; Ketuama et al. 2024). Social acceptance is often 
shaped by peer effects and trust. For example, farmers are more 
likely to adopt when neighbours demonstrate successful use 
and when they receive information through trusted networks, 
while training and after-sales support are important for sustained 
operation (Zeng et al. 2022). Institutionally, political and legal 
acceptance is improving where clear biomethane frameworks 
and standards are emerging and capacity-building helps address 
administrative and coordination gaps (Guerra-Mota and Aquino 
2024; Vidigal et al. 2025).
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Environmental performance is strong when systems are well 
managed. Anaerobic digestion captures methane from waste 
streams, displaces fossil fuels and provides nutrient-rich digestate 
that improves soils, although nutrient losses can arise from poor-
ly managed digestate and performance limits in arid conditions 
(Tolessa 2024; Ngetuny et al. 2025). There can also be positive 
land-use interactions when systems valorize wastes and manage 
cropping changes carefully. Biogas facilities can also contribute 
to reducing hazard risks in waste and sanitation contexts when 
paired with appropriate controls (De Laurentiis et al. 2024; Le-
vavasseur et al. 2023; Ahmad et al. 2022).

Improved biomass cookstoves (ICS)
Improved biomass cookstoves enhance combustion efficiency, 
reducing the amount of fuel needed and lowering greenhouse 
gas emissions. These pollutants contribute significantly to cli-
mate change. By using cleaner and they are more efficient stoves, 
households also reduce deforestation and forest degradation 
caused by unsustainable wood harvesting, further supporting 
climate mitigation efforts. Simple, locally manufacturable de-
signs work across diverse contexts, but durability, user training 
and after-sales support are critical to sustaining performance 
and avoiding the concurrent use of multiple stoves, a practice 
known as “stove stacking”. Households typically save money 
and time, especially when upfront costs are eased through 
subsidies, microfinance or pay-as-you-go models and supply 
chains are reliable (Philip et al. 2023; Ankel-Peters et al. 2025).

From a technological standpoint, ICS are mature and scalable, 
with simple constructions using clay or metal that can be adapt-
ed to local cooking practices. However, sustained performance 
depends on durability, after-sales support and limiting stove 
stacking (Jagoe et al. 2020). Economic evidence indicates house-
hold savings from reduced fuel purchase and collection time. At 
programme level, analyses have found energy-efficient biomass 
stoves to be cost-effective in several African contexts and po-
tentially “pro-poor” relative to alternatives when well targeted 
(Bensch et al. 2024; Ankel-Peters et al. 2025).

Institutionally, feasibility improves where governments and part-
ners combine standards and quality assurance with long-term 
programme coordination and consumer protection. Weaker 
standards and fragmented delivery undermine trust and con-
tribute to stove stacking (Mperejekumana et al. 2024; Jagoe et 
al. 2020). Sociocultural feasibility hinges on cultural fit (pot 
sizes, staple foods) and gendered time burdens. Adoption and 
sustained use rise when stoves meet local cooking needs and 

women’s preferences. Documented co-benefits include improved 
indoor air quality and significant time savings for women and 
girls (Jagoe et al. 2020; Zulu et al. 2024.

Field syntheses and intervention studies across sub-Saharan Af-
rica show that, when correctly used, ICS lower fuel consumption 
and reduce exposure to PM2.5  and CO compared with three-
stone fires, though real air‐quality gains vary by design, setting 
and user behaviour (Phillip et al. 2023). Improved combustion 
reduces direct emissions and can ease pressure on nearby forests 
when ICS displace open fires at scale. The benefits are stron-
gest where correct, consistent use is achieved and where pro-
grammes align designs with local fuels and dishes (Phillip et al. 
2023; Matavel et al. 2022). 

Biomass briquettes
Biomass briquettes are an increasingly relevant charcoal al-
ternative in urban and peri-urban settings. They have medi-
um to high feasibility both technically and economically, as 
briquettes can scale as a charcoal substitute where standards, 
distribution and working-capital access are in place. Envi-
ronmental and health benefits are achievable but depend on 
consistent quality and user practices.

Briquettes are produced by densifying residues such as sawdust, 
rice husks and agri-processing wastes that might otherwise be 
burned in the open or left to decompose. Reviews and feasibil-
ity studies show strong technical viability and clear routes to 
product quality through binder choice, densification pressure 
and moisture control (Yunusa et al. 2024; Sweya and Saitoti 
2024). Production pathways range from manual presses to 
semi-industrial extrusion systems. Compatibility with existing 
charcoal stoves typically eases adoption, but consistent density, 
moisture and heating value require attention to standards and 
process control (Kpalo et al. 2020). 

In terms of economics, technical and economic assessments 
have found that briquettes can be cost-competitive against 
charcoal and other household fuels when supply chains are 
efficient and when feedstocks and binders are sourced reli-
ably (Kpalo et al., 2022; Bot et al. 2022). In conflict-affected 
and low-income contexts, briquettes can be introduced as 
a practical cooking fuel where charcoal is costly and wood 
harvesting is constrained (Waziri et al. 2024). However, high 
logistical costs for bulky feedstocks and finished products 
remain a constraint in dispersed markets.
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Biodiesel
Biodiesel is technologically mature and operationally scalable 
provided that consistent lipid feedstocks are available. The eco-
nomics of its use depend on feedstock costs and logistics as well 
as utilization, while environmental performance is strongest for 
waste-oil routes with robust emissions and by-product man-
agement. Policy coherence (standards, collection, traceability 
and offtake) needs to be improved to sustain feasibility at scale. 

Biodiesel via transesterification of vegetable oils, used cook-
ing oils and animal fats is technologically mature and widely 
deployable. Economic feasibility is moderate and hinges on 
feedstock price and logistics, conversion scale and utiliza-
tion. Waste-oil routes can reduce input costs where dense 
collection networks exist, whereas dispersed suppliers and 
long-haul collection erode margins. System-integration and 
optimization studies show that improved process coupling 
and network design can materially shift viability, reinforcing 
the role of conversion and supply-chain alignment and steady 
offtake in project economics (Park et al. 2024). 

From a geophysical standpoint, production sites are suitable 
wherever lipid streams are steady, with feasibility being shaped 
by collection density, seasonality and with hazard controls (flam-
mables, methanol) being embedded in plant design and approval 
(Xue and Zhao 2023; Saurabh and Majumdar 2023). Environ-
mental and ecological feasibility depends on the technical path-
way. Pathways based on used oils and residual lipid can avoid 
unmanaged waste flows and reduce lifecycle burdens, provided 
that production sites manage air and wastewater emissions and 
ensure methanol and catalyst handling. By-product valorisation 
indicates opportunities to improve overall system footprints by 
integrating side streams (Yang et al. 2023).

Institutional feasibility is moderate as there is a need for clear 
blending standards (e.g. B5–B20), fuel-quality specifications, 
traceability/collection rules and routine permitting underpin 
bankability. Where these are fragmented, project risks rise. 
Sociocultural feasibility trends are positive where waste-oil 
collection creates local jobs, reduces informal disposal and 
aligns with existing diesel uses in agriculture and transport. 
Distributional outcomes and inclusiveness depend upon who 
captures value along the collection-processing–retail chain 
and upon explicit attention being paid to social criteria during 
system design (Polat and Altınbaş 2023).

From an environmental and health perspective, briquettes can 
reduce unmanaged residue burning and, when well-made and 
properly used, can reduce exposure to household pollutants 
relative to traditional fuels. However, emission performance 
varies with raw materials, binders and stove–fuel matching 
(Yu et al. 2022; Adeeyo et al. 2022). This underscores the need 
for product testing, ventilation guidance and user education 
alongside market development.

Biomass conversion for biofuels and electricity 
Second generation ethanol 
Second generation ethanol (2G) is viable where projects se-
cure reliable feedstock logistics, high utilization rates and 
stable offtake agreements. Its feasibility is strengthened when 
residue hubs are dependable and when policy frameworks 
support integrated deployment (Zanivan et al. 2021).

Derived from lignocellulosic residues and organic wastes, 2G 
demonstrate moderate technological and economic feasibility, 
but tends to higher on environmental-ecological, geophysical 
and sociocultural feasibility, consistent with residue-based sourc-
ing that can temper land-use pressure and align with agropro-
cessing value chains (Calvin et al. 2021; Løvenskiold et al. 2022).

Cost structures in 2G production, costs are dominated by feed-
stock logistics and plant utilization. Where sugar-rich residues are 
available nearby, effective feedstock costs decline, and operational 
stability improves. These advantages narrow with longer haul dis-
tances or intensive preprocessing (Scapini et al. 2023). Integration 
and optimization work indicates that process integration and ad-
vanced modelling can materially shift viability in lignocellulosic 
systems (Park et al. 2024; Pradhan et al. 2022; Wang et al. 2022).
For environmental, geophysical and land use, 2G ethanol offer 
clear potential to ease land-use pressure compared to dedicat-
ed crops, provided residue supply chains are well managed and 
counterfactual land-use choices are addressed (Calvin et al. 2021; 
Løvenskiold et al. 2022). Life cycle emissions (LCA) further sug-
gest significant emission benefits when supply chains and effluent 
management are robust (Patel et al. 2024). For 2G, sociocultural 
and inclusiveness benefits arise where projects integrate with local 
residue streams and agroprocessing employment, though these 
gains depend onexplicit social and safety criteria across the val-
ue chain (Messmann et al. 2023). Broader supply-chain studies 
underscore that scaling trajectories are shaped not only by sus-
tainable resource availability but also by institutional governance 
conditions.  (Nandi et al. 2023).
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Biodigesters and municipal solid waste
Anaerobic digestion and valorization of municipal solid waste 
(MSW) into biogas and other by-products (e.g. compost, 
bioethanol, biomethane) offer significant mitigation and adap-
tation synergies. They address waste management challenges, 
reduce methane from landfills and contribute towards generat-
ing renewable energy. LCAs show strong environmental bene-
fits when waste segregation and collection systems are effective 
(De Laurentiis et al. 2024; Dadario et al. 2023).

Technological feasibility is mature for anaerobic digestion, 
composting and waste-to-energy routes, although perfor-
mance depends on consistent waste streams and effective 
pre-sorting (Islam et al. 2024). Economic feasibility improves 
in urban contexts with high waste density, economies of scale 
and supportive feed-in tariffs or renewable energy incentives. 
In contrast, dispersed or informal waste systems raise costs 
and erode viability. MSW facilities are best situated near ur-
ban waste sources to minimize transport emissions. Risks in-
clude odour, leachate and air pollution if facilities are poorly 
managed. When coupled with robust monitoring and envi-
ronmental controls, MSW valorization contributes to circular 
economy strategies and aligns with climate-resilient urban de-
velopment (Levavasseur et al. 2023; Islam et al. 2024).

Institutionally, feasibility hinges on waste governance. Clear stan-
dards for segregation, collection and renewable energy integra-
tion reduce risks and attract investment (Park 2025). In practice, 
weak enforcement of segregation and collection standards makes 
governance not only an enabler but also a limiting factor for proj-
ect viability (Park and Grundmann 2025). Co-benefits include 
improved sanitation, reduced open burning and job creation in 
the collection and processing sectors. Social acceptance is posi-
tive where systems reduce urban waste burdens, although equity 
depends on including informal waste pickers in formalized sys-
tems (Tisi et al. 2023).

While globally feasibility is moderate with clear benefits in 
circular economy frameworks, scaling requires stronger waste 
governance and policy integration. Regional differences persist. 
In African contexts, MSW and biodigesters offer strong mitiga-
tion potential due to high methane reduction and waste valori-
zation opportunities, although institutional and financial gaps 
constrain scaling (Tolessa, 2023; Robin and Ehimen, 2024). A 
further technical challenge in African is the low calorific value 
of the organic fraction due to high moisture content, which re-
duces digestion yields and increases operational costs. In Latin 
America, the feasibility is more moderate. Large urban centres 
provide advantages linked to density and strong geophysical 

potential, but fragmented governance and uneven waste seg-
regation reduce institutional feasibility (Dadario et al. 2023).

3.3.2 Sustainable agriculture and land use 

Agroforestry
Agroforestry is one of the most feasible bioeconomy options 
across multiple dimensions. Its environmental, social and eco-
nomic benefits are well documented, with relatively few trade-
offs where land tenure is secure and institutions support farmer 
participation and value-chain links (Tagwi et al. 2023). It is re-
gionally salient across Africa and Asia and is gaining recogni-
tion through policy and restoration initiatives as part of broader 
resilience strategies. Agroforestry offers high environmental, 
economic and social feasibility, with the principal constraints 
arising in scaling logistics (seedlings, nurseries, aggregation) 
rather than core technical limits (Bogale and Bekele 2023).

Agroforestry is the deliberate integration of trees and shrubs 
into croplands and pastures. It is one of the most promising 
strategies for combining mitigation, adaptation and develop-
ment. From a resource standpoint, it extends from semi-arid 
drylands to humid tropics, with species and practices selected 
to match local soils and climates (Kuyah et al. 2023). Native or 
naturalized species can be matched to conditions and manage-
ment goals, often with lower external inputs than monocultures 
when systems are appropriately designed.

Agroforestry is relatively low-tech and frequently builds on 
Indigenous and local knowledge of tree management, pruning 
and intercropping. Barriers lie less in core technical feasibil-
ity than in scaling. Bottlenecks in seedling supply, nursery 
capacity, extension services and farmer linkages to energy 
and bioeconomy value chains constrain adoption and market 
formation (Bogale and Bekele 2023; Tagwi et al. 2023). Bene-
fits accrue both directly (timber, fuelwood, fruits, nuts, poles) 
and indirectly through reduced input needs, improved crop 
microclimates and soil function, and more stable incomes 
via diversification. Although returns can be delayed by tree 
growth cycles, longer-term net gains and resilience benefits 
are consistently observed (Bogale and Bekele 2023).

Institutional and governance frameworks strongly shape 
outcomes. Evidence emphasizes that clear rules, supportive 
extension and value-chain participation for smallholders in-
crease transparency and long-term sustainability. Converse-
ly, insecure land rights and fragmented governance suppress 
adoption and limit inclusion (van Noordwijk 2023; Tagwi et 
al. 2023). Social outcomes include strengthened household 
food security and diversified livelihoods in circular, farm-cen-
tred systems, with inclusiveness shaped by how programmes 
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engage smallholders in bioenergy and tree-product markets 
(Nkansah-Dwamena 2024; Tagwi et al. 2023).

Agroforestry systems sequester carbon above and below ground, 
improve soil organic matter and regulate microclimates via shade 
and lower evapotranspiration (Sambou et al. 2024). Co-benefits 
include erosion control, water retention and enhanced habitat con-
nectivity, while pruning and residues can supply household energy 
or local bioenergy value chains (García-López et al. 2024). In Af-
rican drylands, farmer-managed natural regeneration and related 
practices increase drought resilience and contribute towards miti-
gation, provided that this management aligns species, density and 
farmers’ objectives (Kuyah et al. 2023; Bogale and Bekele 2023).

Forest-based adaptation 
FbA is a highly feasible strategy that integrates adaptation and 
mitigation with ecosystem and livelihood co-benefits, provided 
that land and resource rights are secure, participation is genuine 
and finance is available for upfront establishment and manage-
ment. Evidence from policy syntheses and programme reviews 
shows that FbA is already embedded in many national and 
subnational strategies and is gaining momentum through na-
ture-based solutions and restoration initiatives (Libert-Amico 
et al. 2022; Hallberg-Sramek et al. 2022; Restrepo et al. 2024).

FbA encompasses measures that enhance forest resilience and 
leverage ecosystem services, including reforestation, assisted 
natural regeneration, adaptive silviculture and conservation. 
Advances in climate-smart forestry and adaptive management 
provide practical pathways for integrating mitigation and ad-
aptation in operational forestry, particularly where agencies 
and landholders apply risk-aware silviculture, diversified spe-
cies mixes and monitoring to guide treatment over time (Hall-
berg-Sramek et al.,2022). Recent work on optimizing restoration 
shows that spatially explicit planning can deliver multiple bene-
fits with minimal trade-offs when objectives (e.g. carbon, water, 
biodiversity, livelihoods) are designed jointly (Gopalakrishna et 
al. 2024). In lower-income contexts, bottlenecks include seed/
seedling supply, extension capacity and finance, but inclusive 
models, such as community forest management aligned with 
climate programmes, strengthen implementation and benefits 
(Libert-Amico et al. 2022; Hytten and Pearson, 2025).

FbA can be tailored across humid and dry regions using lo-
cally adapted species and silvicultural systems, with co-bene-
fits for microclimate regulation, water retention, soil stability 
and biodiversity (Hallberg-Sramek et al. 2022; Restrepo et al. 
2024). Where agroforestry mosaics and tree-based systems are 
part of the landscape, FbA measures further reduce produc-
tion risks from climate extremes and can enhance farm-level 

adaptation when designed with farmers and local institutions 
(Dobhal et al. 2024; Libert-Amico et al. 2022).

Economic and institutional feasibility is strongest where policy 
coherence (e.g. climate-smart forestry frameworks, restoration 
strategies), clear governance arrangements and stable funding 
are in place. Analytical reviews indicate that FbA interventions 
often exhibit favourable favourable cost-benefit profiles once 
ecosystem services and risk reduction are valued. However, 
projects remain sensitive to upfront costs, long time horizons 
and fragmented markets, particularly in settings where adap-
tation finance is limited and mitigation-oriented instruments 
dominate (Libert-Amico et al. 2022; Hallberg-Sramek et al. 
2022; Restrepo et al. 2024). Case-based syntheses highlight that 
community forest management can improve implementation 
effectiveness, equity and adaptation outcomes when tenure and 
benefit-sharing are clarified (Hytten and Pearson 2025).

3.3.3 Biobased materials
Bioplastics
Bioplastics demonstrate advancing technological readiness 
and strong policy momentum, but near-term feasibility is 
constrained by higher costs and weak end-of-life systems. 
The best sustainability outcomes occur when feedstocks are 
residue-based and when materials are embedded in well-gov-
erned circular economy frameworks that include certified 
composting and effective recycling. Overall feasibility is mod-
erate, with the potential to improve as standards, infrastruc-
ture and policy support mature.

Bioplastics derived from renewable feedstocks (e.g. starch, 
cellulose, plant oils, agroforestry residues) are increasingly 
recognized as part of circular economy pathways. They offer 
mitigation potential through lower life cycle greenhouse gas 
emissions compared to fossil plastics, while also contributing 
to adaptation by reducing plastic pollution pressures on eco-
systems. Their feasibility, however, depends heavily on feed-
stock sourcing, end-of-life systems and institutional support. 
Feedstocks are broadly available, with strongest sustainability 
outcomes when residues and waste streams are prioritized. 
Commercial-scale technologies exist for PLAs and PHAs, 
while enzymatic depolymerization and chemical recycling are 
advancing but not yet widespread. Technological readiness 
is therefore high, although scaling requires better integration 
with end-of-life infrastructure (Zhao et al. 2023; Rosenboom 
et al. 2022; Mattlar and Ekholm 2025). Current production 
costs are generally higher than fossil-based plastics. Feasibility 
improves where policy incentives (e.g. producer responsibil-
ity schemes, single-use restrictions) and corporate demand 
stimulate investment. 
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Process optimization and design-for-recycling approaches 
can narrow the cost gap, while economies of scale remain an 
important enabler (Atiwesh et al. 2021; Weinrich and Herbes 
2023; Islam et al. 2024).

Life cycle outcomes vary widely. Residue-based systems can 
substantially reduce GHG footprints, but without effective 
composting or recycling, bioplastics risk accumulating in 
landfills or leaking into ecosystems. Biodegradable micro-
plastic risks remain a concern. Clear certification standards 
and robust waste-management systems are critical to ensure 
ecological benefits (Tang et al. 2024; Rosenboom et al. 2022). 
Governance frameworks are fragmented, with uneven certi-
fication and labelling systems across jurisdictions. Stronger 
alignment of standards, collection and processing infra-
structure are essential. Policy coherence around end-of-life 
responsibilities and recycling incentives have proven critical 
for market uptake (Silva et al. 2024; Weinrich and Herbes 
2023). Public acceptance of bioplastics is generally positive, 
reflecting growing demand for alternatives to fossil plastics. 
However, confusion around compostability, sorting and con-
tamination thresholds undermines outcomes. Awareness 
campaigns, clear labelling and user guidance are needed to 
sustain acceptance and reduce mismanagement risks (Dil-
kes-Hoffman et al. 2019; Cruz et al. 2022).

Biomaterials for buildings
Biobased construction materials, including wood, bamboo, 
straw, hemp and cork, have long histories in building traditions 
and are increasingly recognized as central to low-carbon tran-
sitions in the sector, if correctly implemented. Biomaterials for 
buildings are a mature and increasingly scalable option in the 
bioeconomy. They combine mitigation potential through car-
bon storage and substitution with adaptation and development 
co-benefits, particularly in energy efficiency and rural liveli-
hoods. Scaling requires strong governance to ensure sustainable 
sourcing, continued regulatory adaptation and wider public 
acceptance of engineered wood and other biobased materials.

Resource availability is broad. Wood has been widely used in 
northern Europe and North America for low-rise housing, 
while bamboo is a well-established structural material in Asia, 
where it grows rapidly (Fahim et al. 2022; Bredenoord 2024). 
Straw and straw-reinforced composites remain common in 
rural contexts, offering affordable and locally available solu-
tions (Franzini et al. 2018). From a technological perspec-
tive, feasibility is high. Engineered products such as CLT and 
laminated veneer lumber (LVL) enable prefabrication and 

the construction of multistorey timber buildings, with recent 
projects in Europe, North America and Asia demonstrating 
technical viability (Michalak and Michalak 2024; Wiegand 
and Ramage 2022; Victorero and Bustamante 2025). Prefabri-
cated elements lower labour costs and accelerate construction 
timelines (Sutkowska et al. 2024; Hrdlicka et al. 2022), while 
straw-reinforced bricks continue to meet rural needs where 
affordability and cultural familiarity drive adoption (Franzini 
et al. 2018). Economic feasibility varies by context.

Costs for wood-based construction are often comparable to 
concrete and brick, but local supply, construction traditions 
and regulatory frameworks strongly shape competitiveness 
(Balasbaneh et al. 2022; Hu 2023). Prefabrication can enhance 
affordability by reducing labour requirements and policies that 
reward carbon storage or penalize embodied emissions may 
improve the relative cost position of biobased materials. Insti-
tutional feasibility is improving rapidly. Building codes, which 
were historically restrictive, have been updated in many juris-
dictions to permit multistorey timber construction (Wiegand 
and Ramage 2022). Local policy networks and government 
programmes in Europe and beyond are fostering innovation 
and adoption (Rahman et al. 2024; Victorero and Bustamante 
2025). Certification systems play an increasingly important 
role in ensuring sustainability, providing safeguards against 
risks of deforestation and unsustainable practices.

Sociocultural feasibility is generally positive, albeit context de-
pendent. In regions with a long tradition of wood construction, 
public acceptance is strong (Nyrud et al. 2024; Lähtinen et al. 
2021). Elsewhere, concerns around fire, durability and safety 
remain, but growing evidence from modern engineered tim-
ber is reducing these barriers (Harju 2022). The environmental 
and ecological benefits of biobased construction materials are 
significant. Timber structures sequester carbon during their 
use phase, while substituting wood for steel or concrete can 
substantially reduce life cycle emissions (D’Amico et al. 2021; 
Balasbaneh and Sher 2021; Kayo et al. 2019). When sourced 
from sustainably managed forests, wood can contribute to 
carbon-neutral construction, though debates remain about its 
long-term neutrality at scale (Vallejos et al. 2025). Straw, hemp 
and cork offer insulation with lower embodied emissions than 
fossil-based alternatives (Balasbaneh and Sher 2021), while bio-
diversity and water use impacts critically depend on sourcing 
and forest governance (Christiansson and Roos 2023).
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3.4 SYNERGIES AND TRADE-OFFS
Biobased technologies sit at the intersections of land, wa-
ter, energy and social systems and feasibility hinges on how 
portfolios are designed and governed. Synergies are strongest 
when deployments are residue-based, decentralized and par-
ticipatory, aligning with existing practices and value chains. 
Trade-offs intensify when technologies compete for land 
and water, when end-of-life systems are missing or when 
institutions are too weak to enforce safeguards and sustain 
finance. In this assessment, the most consistent co-benefits 
emerge where technologies valorize wastes and residues, 
pair local livelihoods with risk reduction and operate with-
in clear, inclusive rules (Tagwi et al. 2023; van Noordwijk 
2023; Hallberg-Sramek et al. 2022; Libert-Amico et al. 2022). 

Across technologies, the recurring trade-offs are: (i) land-use 
competition and biodiversity risks for crop-based fuels/mate-
rials relative to residue-based pathways; (ii) logistics and quality 
control gaps that undermine performance and equity at scale; 
and (iii) institutional fragmentation that dilutes safeguards and 
slows finance. The recurring synergies are: (i) residue valori-
zation that avoids open burning and leakage, and cuts GHGs; 
(ii) co-benefits to health and livelihoods via cleaner cooking 
and diversified farm income; and (iii) risk reduction from tree-
based systems and adaptive forestry. Feasibility rises when port-
folios are residue-first, locally co-designed and supported by 
standards, inclusive governance and targeted finance.

Household and community energy technologies (biogas, 
improved cookstoves, briquettes) show immediate, multidi-
mensional synergies when they use agricultural or munici-
pal residues and are supported by training, after-sales service 
and appropriate finance. Documented benefits include lower 
methane and short-lived pollutant emissions, reduced indoor 
air pollution and time savings for women. Consistent use and 
programme quality control are the keys to turning techni-
cal potential into real health and environmental gains. Stove 
stacking and weak after-sales support erode benefits (Gbad-
eyan et al. 2024; Tolessa 2024; Ngetuny et al. 2025; Bensch et 
al. 2024; Jagoe et al. 2020; Mekonnen et al. 2022; Phillip et al. 
2023; Zulu et al. 2024;; Kpalo et al. 2020; Bot et al.,2022; Bot 
et al. 2023; Yu et al. 2022).

In energy systems, residue-based bioenergy complements vari-
able renewables when it is dispatchable, logistics-feasible and 
embedded in existing agro-industrial streams. Biogas fits well 
in such systems while capturing waste emissions and cycling 
fertilizers back to the food production system (Zielińska and 

Bułkowska. 2024). For ethanol, 2G pathways reduce land-use 
pressure by using residues and wastes, while 1G benefits from 
mature institutions (blending rules and quality standards). Sys-
tem-level viability depends on feedstock logistics and utilization, 
with process integration and optimization shifting costs and 
performance (Calvin et al. 2021; Løvenskiold et al. 2022; Mess-
mann et al. 2023; Scapini et al. 2023; Park et al. 2024; Pradhan 
et al. 2022; Wang et al. 2022; Patel et al. 2024; Nandi et al. 2023). 
Biodiesel offers strong synergies where waste-oil collection is 
dense and traceable, cutting unmanaged waste and improving 
air and water outcomes when production sites manage metha-
nol, catalysts and effluents and valorize glycerol. Trade-offs arise 
with crop-based routes where land-use pressure and logistics 
dominate costs. Feasibility improves with standards, blending 
policies and offtake that stabilize markets (Mahla et al. 2023; 
Park et al. 2024; Yang et al. 2023; Das et al. 2025; Xue and Zhao 
2023; Saurabh and Majumdar 2023; Polat & Altınbaş 2023).

As nature-based approaches, agroforestry and FbA reliably stack 
synergies across carbon, water regulation, soils, biodiversity and 
livelihoods. They also reduce production and hazard risks when 
tenure and participation are secure. Scaling constraints centre on 
seed/seedling systems, extension capacity and long-horizon fi-
nance. Inclusive governance and community forest management 
improve equity and implementation (van Noordwijk 2023; Tag-
wi et al. 2023; Bogale and Bekele 2023; García-López et al. 2024; 
Sambou et al. 2024; Gupta et al. 2023; Kuyah et al. 2023; Bapfak-
urera et al. 2024; Nkansah-Dwamena 2024; Hallberg-Sramek et 
al. 2022; Libert-Amico et al. 2022; Gopalakrishna et al. 2024; Re-
strepo et al. 2024; Dobhal et al. 2024; Hytten and Pearson 2025).

Bioplastics and biobased polymers add circularity synergies 
when residues and wastes are used as feedstocks and prod-
ucts are integrated into effective end-of-life systems (collec-
tion, certified composting or mechanical/chemical recycling). 
Without that infrastructure, environmental gains shrink and 
biodegradable microplastic risks remain. The economics im-
prove with policy signals and design-for-recycling (Brizga et 
al. 2020; Rosenboom et al. 2022; Zhaoet al. 2023; Mattlar and 
Ekholm 2025; Atiwesh et al. 2021; Weinrich and Herbes 2023; 
Nik Nurhidayu Nik Mut et al. 2024; Tang et al. 2024; Cruz et al. 
2022; Silva et al. 2024; Islam et al. 2024).

Biobased construction material is a viable alternative to tra-
ditional construction material and could reduce GHG emis-
sions, if source for residues or sustainable forest practices. 
Residual material used for insulation or bricks are a viable 
solution with many co-benefits.
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3.5 ENABLING CONDITIONS
The feasibility of biobased technologies is shaped by technical or 
resource considerations as well as the institutional, policy and fi-
nancial environments in which they are deployed. Evidence across 
regions shows that enabling conditions can transform feasibility 
profiles, allowing technologies that might otherwise remain mar-
ginal to scale rapidly and deliver multiple co-benefits. Climate 
change impact the feasibility profile of all biobased technologies.

Multilevel governance and cross-sectoral coordination are 
equally essential. Bioeconomy technologies cut across energy, 
agriculture, water, environment and health sectors, yet respon-
sibilities are often fragmented. Without coordination, policies 
risk duplication, gaps and unintended consequences. Integrated 
planning that includes multiple ministries and stakeholders can 
align incentives and ensure coherent deployment. For the bio-
economy, governance around land rights is especially important.  

Technology Mitigation Adaptation SDG Linkages

Biogas 
(waste-based)

High: 80–90% emission 
reductions versus fossil fuels; 
methane capture from manure/
residues.

Soil fertility via digestate; re-
duced deforestation; flexible 
dispatch supports renewable 
integration.

Improved 
Cookstoves 
(ICS)

Moderate: 30–50% less bio-
mass use reduces deforestation 
and emissions.

Reduces pressure on local 
forests; improves house-
hold resilience to fuelwood 
scarcity.

Biomass 
Briquettes

Moderate: displaces charcoal; 
reduces methane from residue 
burning.

Protects forests and soils; 
reduces land degradation.

2G Ethanol 
(residues)

High: avoids food competition, 
reduces open burning; 60–80% 
lifecycle reductions.

Residue use reduces pollu-
tion and enhances soil-air 
quality linkages; risks of soil 
nutrient depletion.

Biodiesel 
(waste-based)

High: 40–80% reductions if 
waste-oil based; low if palm/soy 
monocultures.

Diversifies rural income in 
some contexts; risk of land 
conflicts in monocultures.

Agroforestry High: carbon sequestration 
above/below ground; substitu-
tion of fertilizers.

Enhances resilience to 
droughts/floods; improves 
soils and microclimates; 
biodiversity corridors.

Forest-based 
adaptation 
(FbA)

High: carbon storage; avoided  
deforestation.

Hazard risk reduction 
(floods, avalanches); water 
regulation; Indigenous 
knowledge systems.

BECCS Very high (theoretical): net-neg-
ative emissions in IAMs; several 
GtCO2 potential.

Limited: resilience via en-
ergy diversification; risks of 
maladaptation from land-use 
change.

Bioplastics Moderate: 30–70% lifecycle 
GHG reductions (if resi-
due-based).

Limited: reduces depen-
dence on fossil inputs; po-
tential for circular systems.

Biomaterials 
(buildings)

High: carbon storage in timber/
bamboo; substitution for steel/
concrete.

Energy efficiency through 
insulation; resilience in 
housing systems.

Table 3.2 Interlinkages between biobased technologies, mitigation, adaptation and SDGs
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Clear land tenure rights are critical for agroforestry and FbA, 
where long-term investments hinge on secure access to land 
and resources. In contexts with insecure tenure, adoption 
rates are low and risks of inequity are high. Participatory gov-
ernance frameworks enhance transparency, accountability 
and equity, while building trust and legitimacy.

Finance remains one of the most persistent barriers. At the 
household and community level, upfront affordability con-
strains the adoption of biogas, cookstoves and agroforestry. Mi-
crofinance, pay-as-you-go models and targeted subsidies have 
proven effective in Kenya, Tanzania and Ethiopia. On larger 
scales, concessional and blended finance instruments are re-
quired to de-risk emerging technologies such as 2G ethanol, 
bioplastics and FbA. Voluntary carbon markets can provide ad-
ditional revenue streams, but they remain underdeveloped and 
often focus narrowly on carbon rather than broader adaptation 
and equity benefits. Public-private partnerships have been in-
strumental in demonstration projects, including the rice straw 
ethanol initiatives in India and bioplastic facilities in Europe. 

Long-term and consistent policy signals, such as the ethanol 
blending mandates in Brazil and European Union sustainabil-
ity standards, provide confidence for investors and industry. 
Conversely, inconsistent subsidies or abrupt policy reversals 
have led to stalled investments and plant closures in several 
countries. Regulatory safeguards are also vital. For biofuels, 
sustainability criteria must address indirect land-use change, 
biodiversity and labour rights. For cookstoves and briquettes, 
quality standards and certification systems ensure perfor-
mance and build consumer trust. For bioplastics, harmo-
nized composability and recyclability standards are needed to 
avoid consumer confusion and unlock environmental benefits 
(UNEP 2021). Life cycle assessment policies and sustainability 
certification for wood use in construction, both part of a reg-
ulatory framework, could foster the use of wood in buildings, 
which brings carbon reduction and sustainable development. 

3.6 CONCLUSIONS 
The feasibility of biobased technologies can be high across a 
variety of dimensions and contexts as portfolios of technolo-
gies can be assembled that reflect local contexts, resource en-
dowments and development priorities. The evidence reviewed 
here demonstrates that some technologies, particularly waste- 
and residue-based technologies such as biogas, briquettes 
and 2G ethanol, as well as technologies within nature-based 
solutions such as agroforestry and FbA, consistently deliver 
strong synergies across mitigation, adaptation and sustainable 

development. These technologies are technologically viable, 
socially acceptable and environmentally beneficial, provided 
that enabling conditions such as land tenure security, partici-
patory governance and targeted finance are in place.

At the same time, other biobased technologies remain more 
contested. First-generation biofuels are mature and widely de-
ployed, but their large-scale expansion continues to raise unre-
solved trade-offs with food security, biodiversity and water re-
sources. Emerging technologies such as Bio-CCUS, bioplastics 
and biomaterials in construction hold long-term promise but 
face substantial near-term feasibility barriers, including cost, 
infrastructure requirements and institutional readiness. Their 
role will depend on innovation, strong sustainability safeguards 
and integration into coherent policy frameworks.

Regional variation is a defining feature of the feasibility of 
biobased technologies. In Africa, technologies that directly alle-
viate energy poverty, such as biogas, cookstoves, briquettes and 
agroforestry, rank highest in terms of near-term potential. In Asia, 
residue management has emerged as a priority, with 2G ethanol 
and biogas offering compelling synergies for air quality and rural 
incomes. In Europe and North America, institutional capacity 
and finance enable more advanced technologies, but social ac-
ceptance and sustainability standards will determine their scale.

Across all regions, success depends on moving towards in-
tegrated strategies. Synergies are strongest when biobased 
technologies are embedded in circular economy approaches, 
linked with nature-based solutions and aligned with national 
development and climate strategies. Trade-offs intensify when 
deployment is pursued without safeguards, when land and 
resource competition is ignored or when institutional capacity 
is insufficient. Secure land tenure, particularly for Indigenous 
peoples and smallholders, participatory governance to ensure 
equity and legitimacy, long-term and predictable policy sig-
nals and concessional finance to bridge affordability gaps and 
de-risk investment are all critical to enabling the bioeconomy. 
When well-governed, these transitions can simultaneously 
reduce emissions, strengthen resilience and expand oppor-
tunities for sustainable livelihoods, positioning biobased tech-
nologies and the bioeconomy to achieve just, climate-resilient 
development. Finally, the feasibility of biobased technologies 
is closely linked to climate dynamics, as shifts in tempera-
ture, precipitation, and extreme events directly affect biomass 
availability, reliability, and long-term sustainability.



CHAPTER HIGHLIGHTS

•	 Biobased technologies require tailored financial mechanisms to support their devel-
opment and deployment. Financing needs vary by technology type and maturity. Bi-
omass conversion technologies often rely on grants, venture capital, and green finance 
to produce renewable fuels and chemicals. Bio-CCUS technologies, such as BECCS, 
benefit from carbon markets and performance-linked finance to monetize emissions 
reductions.

•	 Sustainable agriculture and biobased materials are increasingly supported by innova-tive 
financing models. Agriculture leverages results-based payments and ecosystem service 
markets, while the biobased materials sector is tapping into corporate alli-ances and 
equity markets to scale production and commercialization.

•	 Significant financial challenges remain. High upfront costs, long development time-lines, 
and market uncertainty often deter private investment. To overcome these challenges, 
blended finance instruments must be expanded—particularly in the Global South —
by leveraging concessional public funding and risk-sharing mechanisms that support 
conservation, resilience, and adaptation goals.

•	 Governments play a critical role in enabling scale-up. Targeted financial mechanisms 
should support emerging value chains and link climate finance with support for micro-, 
small-, and medium-sized enterprises (MSMEs), fostering inclusive bioeconomy de-
velopment. Regulatory clarity is also essential. Inconsistent policies across regions 
create uncertainty, especially in biotechnology and Carbon Sequestration and Utilization 
(CSU) sectors, which depend on stable, supportive frameworks.

•	 Access to carbon markets is vital for bioeconomy actors. Clear and inclusive regulatory 
frameworks can incentivize participation in mechanisms such as Article 6.4 of the 
UNFCCC and the Verified Carbon Standard. These frameworks enable actors to benefit 
from carbon credits linked to BECCS and nature-based solutions, reinforcing the bioe-
conomy’s role in delivering verified climate outcomes.

•	 Financial mechanisms must be adapted to geographic and technological contexts. Support 
structures differ across the Global North and South, not only in funding avail-ability but 
also in technology priorities. Blended finance and public-private partnerships should 
be paired with investments in human capital, institutional capacity, and knowledge 
networks to ensure long-term scalability.

•	 Market integration remains a challenge. As biobased companies scale, they face barri-
ers entering global markets dominated by established industries. Governments must 
develop enabling trade policies, harmonize certification systems, and invest in infra-
structure to facilitate market access.

•	 Emerging tools, such as green bonds, sustainability-linked loans, and carbon credits, 
should be scaled through clear performance benchmarks and global collaboration to 
align financial flows with climate and development goals.
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4.2  FINANCING SCHEMES AND MECHANISMS 
FOR TECHNOLOGIES WITHIN THE BIOECONOMY
Financing the bioeconomy requires a broad mix of instruments 
to support the range of technologies, resources and business 
models across the sector. Due to high capital requirements, long 
innovation cycles and elevated investment risks, particularly in 
the early stages, an integrated approach using public, private 
and hybrid mechanisms is necessary. This section presents key 
financial instruments in line with the maturity of bioeconomy 
enterprises and technologies, with a particular focus on their 
role in supporting climate-related solutions.

a) Public support instruments (grants, subsidies, fiscal in-
centives)
Public support is essential for stimulating innovation and 
reducing risk in early-stage technologies, particularly in bio-
mass conversion. Grants and tax incentives promote research, 
development and the adoption of sustainable solutions.
Operation: In the United States of America, the Department of 
Energy (DOE), the National Institute of Standards and Technol-
ogy (NIST) and the Small Business Innovation Research (SBIR) 
fund research and development and scaling biomass conversion 
technologies. In Europe, Horizon Europe funds bioenergy and 
offers tax incentives (European Commission 2023). The Bio-Cir-
cular-Green Economy (BCG) initiative in Thailand has mobilized 
$US 310 million through public-private collaboration to advance 
bioeconomy, circular economy and green growth (BCG 2020).

b) Crowdfunding and impact investment
These alternative mechanisms are suited to early-stage com-
panies, particularly in biobased materials and sustainable ag-
riculture, focusing on environmental and social impact.
Operation: Crowdfunding addresses seed‑stage gaps by 
democratizing access to capital (Hoque 2024). Sustainabili-
ty‑oriented campaigns, particularly those backed by profes-
sional investors, outperform others (Gai et al. 2025). 

c) Equity financing (venture capital and private equity)
Equity finance is crucial for scaling early-stage and high-
growth businesses, particularly in biomass conversion and 
biobased materials.
Operation:  Venture capital and private equity firms offer 
funding in exchange for equity or convertible instruments, 
while also providing strategic support and networks for com-
mercialization (OECD 2020). A lack of growth-stage capital 
limits the scale-up of biobased SMEs (WEF 2025; EIF 2025). 
The European Circular Bioeconomy Fund (ECBF) is a notable 
example of a targeted fund addressing this gap (BIC 2023).

4.1  INTRODUCTION 
The bioeconomy is emerging as a key pathway for addressing 
global challenges such as climate change, biodiversity loss and 
resource depletion. Valued at $US 4 to 5 trillion, it is projected 
to reach $US 30 trillion by 2050 (World Bioeconomy Forum 
(WBEF) and Nature Finance (NF) 2024), offering major oppor-
tunities for sustainable development, job creation and environ-
mental resilience. Realizing this potential, however, hinges on 
the availability and effectiveness of financial mechanisms that 
support innovation and investment across biobased sectors, 
including agriculture, forestry, bioenergy and biotechnology.

This chapter explores the financial landscape enabling the 
bioeconomy, analysing mechanisms that mobilize capital, re-
duce investment risks and foster technological deployment. 
It examines how finance can catalyse transitions in both the 
Global North and South, often in synergy with climate and 
biodiversity finance. Targeted funding is especially critical for 
capital-intensive and high-risk technologies such as biomass 
conversion, carbon capture and sequestration (e.g. BECCS), 
sustainable agriculture and biobased materials. These re-
quire blended financial approaches, ranging from grants and 
venture capital to green bonds, public-private partnerships, 
carbon markets and results-based payments. This chapter 
highlights how financial mechanisms differ by technology. 
Biomass conversion often depends on grants and green fi-
nance, carbon capture benefits from carbon markets and per-
formance-linked finance, sustainable agriculture is supported 
through ecosystem service payments and biobased materials 
increasingly draw on equity and corporate partnerships.

Financing mechanisms for the bioeconomy are evolving be-
yond traditional instruments, with greater emphasis on sys-
temic approaches, risk-sharing and policy-finance alignment 
(BIC 2023; ShapingBio 2024; WBEF and NF 2024; WEF 2025), 
especially in the European Union. This includes: (i) transition 
finance tailored to help biobased industries move from the pi-
lot stage to an industrial scale; (ii) platform-based mechanisms 
aggregating small projects into investable portfolios; and (iii) 
integration of circular economy and just transition criteria in 
financial instruments (UNEP 2020). Robust financial frame-
works are therefore essential not only to attract investment but 
also to align capital flows with climate, biodiversity and Sus-
tainable Development Goals. Through case studies and best 
practices, this chapter identifies the enabling conditions and 
investment pathways needed to accelerate a just and sustainable 
bioeconomy transition.
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d) Blended finance (concessional and commercial capital)
Blended finance mechanisms combine concessional capital 
from public or philanthropic sources with commercial in-
vestment, helping to reduce risk and attract private capital 
to underfunded sectors. It is particularly important for CSU 
technologies and sustainable agriculture.
Operation: Development finance institutions (DFIs) and 
multilateral organizations such as the Global Environment 
Facility (GEF) and World Bank provide guarantees, grants 
and subsidized loans to de-risk.15 Successful models in Latin 
America and sub-Saharan Africa demonstrate that bundling 
smallholder or local initiatives into regional platforms, for ex-
ample, in agriculture or the forest bioeconomy, can increase 
their investment readiness (World Bank 2021).

e) Debt-based instruments (green bonds and sustainabili-
ty-linked finance) 
These tools finance biomass conversion and biobased materials 
by linking returns to environmental performance and reward-
ing progress towards sustainability goals.
Operation: Green bonds fund projects such as bioenergy or 
bioplastics, with terms tied to emission reductions (Climate 
Bonds Initiative 2023). Sustainability-linked loans adjust inter-
est rates based on achieving climate benchmarks (ICMA 2023).

f) Market-based instruments (carbon markets and credits)
Carbon sequestration (and utilization) and related biobased solu-
tions, including CCUS, can generate revenue through monetized 
emission reductions in carbon markets, providing pathways for 
scale-up. benefit from monetized emission reductions through 
carbon markets, creating revenue streams for scale-up. 
Operation: Platforms such as the European Union Emissions 
Trading System (EU ETS) and voluntary markets enable bio-
mass and carbon sequestration projects to earn and sell CO₂ 
credits (ICAP 2023). Countries are transitioning towards ar-
ticle 6 of the Paris Agreement with bilateral Internationally 
Transferred Mitigation Outcomes (ITMO) agreements (e.g. 
Ghana-Chile-Switzerland under article 6.2) and centralized 
mechanisms under article 6.4 (BAFU n.d.).

15  De-risking: To lower the capital charge, a first-loss tranche is provided to absorb 
early losses and reduce the risk of the senior tranche funded by private investors 
(OECD, 2018a).

g) Hybrid investment structures (public-private partnerships)
Public-private partnerships (PPPs) combine public sector 
resources with private sector innovation to scale sustainable 
agriculture and biomass conversion.
Operation: PPPs range from public ownership with private op-
eration and maintenance to co-investment models. They sup-
port sustainable farming and bioenergy (World Bank 2021). The 
World Economic Forum (WEF) has called for systemic partner-
ships, as seen in the shift in Europe towards bioclusters integrat-
ing research and development and logistics (WEF 2025).

h) Institutional public finance mechanisms (DFIs and mul-
tilateral funds)
DFIs and multilateral institutions play a crucial role in fi-
nancing biobased technologies in developing and emerging 
markets, where capital is scarce and risk perceptions are high.
Operation: Institutions such as the Development Finance 
Corporation (DFC) and the European Investment Bank (EIB) 
provide concessional loans, guarantees and equity for projects 
in bioenergy, bioplastics and Inter-American Development 
Bank (IDB (2024). They work alongside governments and 
private sector actors to mobilize investment.

Agriculture is vital to both climate resilience and bioecono-
my development yet remains underfunded in global climate 
finance. Using the methodology proposed by Galbiati et al. 
(Galbiati et al. 2023) and data from the FAO and UNFCCC 
(FAO and UNFCCC 2024), based on climate-related finance 
tracking provided by the Organisation for Economic Co-
operation and Development (OECD), only a small share of 
funding from bilateral, multilateral and private actors sup-
ports agriculture. This highlights a clear gap between global 
climate goals and actual financial allocations to sustainable 
agriculture technologies (see Figure 4.1). 



Source of financing Description Key technologies supported Examples/trends

Venture capital (VC)
Equity financing for proof of con-
cept or scaling up business. 

Biomass conversion, biobased 
materials

High investment in biofuels, bioplastics 
and carbon utilization (OECD 2018a; 
Berger et al. 2024)

Blended finance
Combines concessional funding 
with private investment to de-risk 
projects.

Carbon sequestration,  
sustainable agriculture, bio-
mass conversion

DFIs and multilateral banks supporting 
biomass projects in developing economies 

Government grants 
and subsidies or tax 
incentives

Public funding for R&D, pilot 
projects and commercialization. 
Not payable back. 

Biomass conversion, carbon 
sequestration, sustainable 
agriculture

United States of America DOE, EU 
Horizon Europe funding for bioenergy and 
carbon sequestration (European Commis-
sion 2023)

Green bonds and 
sustainability-linked 
finance

Debt instruments linked to  
environmental outcomes, reducing 
the cost of capital.

Biomass conversion, biobased 
materials

Green bonds funding biofuel projects, 
sustainability-linked loans (Climate Bonds 
Initiative 2023)

Carbon markets and 
credits

Monetizes emissions reductions 
through carbon trading schemes.

Carbon sequestration, biomass 
conversion

Carbon credit sales generating revenue 
for biomass projects (Philips et al. 2024; 
Goess 2024)

Public-private  
partnershipsw

Joint ventures between public 
and private sectors to share risks 
and resources.

Biomass conversion, sustainable 
agriculture

Government subsidies and private sector 
innovation for bioenergy projects (World 
Bank 2021)

Crowdfunding and 
impact Investment

Community-driven and environ-
ment-social-governance (ESG)- 
focused investment for early-stage 
companies.

Biobased materials, sustainable 
agriculture

For early-stage biobased ventures, impact 
investors funding sustainable projects 
(Hoque 2024; sustainable agriculture)

DFIs and multilateral 
funding

Concessional loans and equity 
investments from international 
financial institutions.

Biomass conversion, carbon  
sequestration, biobased materials

DFIs providing funding to bioeconomy 
projects in emerging markets (Philips et 
al. 2024; DFC 2024)

Figure 4.1.  Horizontal analysis of the ratio of agricultural climate technologies and climate financing. (Data Source: OECD 2025).

Table 4.1.  Summary of financial mechanisms and sources for key climate technologies within the bioeconomy in the Global North.
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The financial landscape of the bioeconomy is increasingly 
diverse, integrating instruments that de-risk investments, 
promote sustainability and align capital with environmen-
tal goals (WBEF and NF 2024). Blended finance combines 
public, private and philanthropic funding to attract private 
investment into bioeconomy projects (The Lab 2024) (Figure 
4.2). This approach has been effective in biodiversity-rich ar-
eas such as the Amazon, where the Amazon Food and Forest 
Bioeconomy Financing Initiative aggregates small projects 
into investable portfolios (The Lab 2024; Käfer and de Aragão 

Figure 4.2.  Sources of finance for key biobased technologies in the bioeconomy.
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Nature-based financial mechanisms, such as payments for eco-
system services (PES) and biodiversity credits, offer emerging 
revenue streams for bioeconomy projects aligned with sustain-
ability goals. Carbon-biodiversity stacking, which combines 
credits, increases investment appeal by valuing biodiversity 
and ecosystem services alongside carbon, integrating land res-
toration into wider climate and bioeconomy finance strategies.

Advancing the bioeconomy requires financial models aligned 
with circularity, climate goals and the SDGs. UNEP has high-
lighted gaps in instruments, equity and taxonomies across 
Latin America (UNEP 2023b). Strengthening institutional 
capacity, training financial actors and supporting MSMEs, 
alongside scaling blended finance, impact investment and 
knowledge-sharing, can unlock investment in climate-resilient, 
inclusive and economically viable bioeconomy pathways.

Source: Authors own

Fernandes, 2024). Sustainability-linked instruments such as 
sustainability-linked bonds (SLBs) and sustainability-linked 
loans (SLLs), link financing to environmental or social out-
comes. Natura’s SLB16 supports Amazonian bio-ingredients, 
tying capital cost reductions to sustainability results (IDB, 
2024). Natura Cosméticos S.A., for example, received invest-
ments from IDB Invest of R$ 200 million. The operation fol-
lows the announcement of Natura’s 13th debenture issuance 
in the format of SLBs for R$ 1.32 billion (IDB Invest 2024).

16   Natura’s SLB may not represent a direct investment in climate mitigation, but it 
remains closely connected, as it strengthens the supply chain for bioeconomy prod-
ucts while also advancing the conservation of forest biodiversity.

4.2.1 Biomass conversion

Biobased technologies are vital for creating products that either 
replace fossil-based ones (“drop-in” fuels, such as ethanol-de-
rived ethylene) or offer new functionalities (“non-drop-in” 
fuels, such as polylactic acid). Converting biomass into bio-
products requires high research, development and innovation 
(RD&I) investment due to complex processing and conversion 
challenges, posing significant risks for private investors. Public 
funding plays a crucial role, as has been seen with Horizon Eu-
rope, the EMBRAPII initiative in Brazil (which supports inno-
vation through PPPs), and grant and subsidy programmes in 
the United States of America and Canada.17

17  https://www.naturefinance.net/wp-content/uploads/2024/08/FinancingASustain-
ableGlobalBioeconomy-.pdf
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While local innovation financing strategies exist, mechanisms 
for fostering international cooperation remain limited, aside 
from initiatives led by the European Union. Given that the 
Global South possesses a wide range of biomass resources 
and, in many cases, the expertise to process them, internation-
al grants and subsidies could play a pivotal role in unlocking 
the potential of novel bioproducts. Although defining shared 
agendas poses a challenge, there are promising opportunities 
for collaboration, particularly in areas such as the forestry sec-
tor and the emerging blue bioeconomy.

4.2.2 Carbon sequestration and utilization 

Bio-CCUS technologies and practices, which enhance the re-
moval of CO₂ from the atmosphere using biological systems, 
are essential in mitigating climate change. These technologies, 
including BECCS, afforestation and soil carbon sequestration, 
play a vital role in the bioeconomy by utilizing biological re-
sources for carbon removal (See Box 4.1). However, these 
technologies face significant financial barriers due to high 
costs, long timelines and technological challenges. The key 
financial mechanisms that support carbon capture, utilization 
and storage (CCUS)18 technologies are as follows:

a) Public funding and grants: Public funding is crucial in 
early-stage research and scaling of CCUS technologies. Pro-
grammes such as Horizon Europe support carbon removal 
solutions through grants and funding for projects such as soil 
carbon sequestration and forest-based carbon capture. Simi-
larly, in the United States of America, the DOE Carbon Cap-
ture Program funds BECCS and other carbon capture tech-
nologies to help make these solutions commercially viable 
(European Commission 2023). Similarly, in the United States 
of America, the DOE Carbon Capture Program funds BEC-
CS and other carbon capture technologies to help make these 
solutions commercially viable (US DOE 2022; US DOE 2024).  

b) Blended finance: Blended finance, combining pub-
lic concessional capital with private investments, de-risks 
CSU projects, encouraging private sector involvement. The 
Green Climate Fund (GCF) uses blended finance to sup-
port carbon sequestration projects in developing countries.  
 
 

18  BECCS is a negative-emissions pathway that forms part of the broader category of 
Carbon Capture, Utilization and Storage (CCUS) technologies.

Other organisations also provide blended finance for decar-
bonisation projects such as the International Climate Initia-
tive (GCF 2023; IKI 2024).

c) Carbon markets and credits: Voluntary carbon markets 
are vital for financing CCUS technologies. Projects that cap-
ture and store CO₂, such as BECCS, can generate carbon 
credits, which are sold in carbon markets to offset emissions. 
The EU ETS and voluntary carbon markets create a market 
for these credits, providing a revenue stream for projects fo-
cused on carbon sequestration (ICAP 2023). Although the 
EU ETS no longer allows for the use of carbon offsets (e.g. 
swapping offsets for assigned amount units (AAUs). However, 
sustainable biofuels (wood and straw) can be used in EU ETS 
installations, which frees up the allocated carbon credits to 
be traded See Box 4.3 on forest, wood and wood bioproducts 
finance). Examples of CDR are presented in Box 4.1 and 4.2. 

d) Venture capital and private equity: Venture capital and 
private equity play critical roles in funding deep-tech startups 
developing breakthrough carbon sequestration technologies 
and other biobased technologies. Companies developing BEC-
CS and direct air capture technologies often rely on VC to scale 
their operations. This financing mechanism is well-established 
in the United States of America and Europe but is still growing 
in the Global South, where carbon sequestration projects have 
significant potential (Breakthrough Energy Ventures, 2023).  

e) Public-private partnerships: PPPs combine public sector 
funding with private sector expertise to accelerate the deploy-
ment of CCUS technologies, although some are all private sector 
funded. Drax is an energy generation company with capital in-
vestment and government subsidies in different areas from pel-
let production to power generation. The European Investment 
Bank granted a loan of €260 million to Stockholm Exergi for the 
construction of first large-scale bioenergy plant with BECCS in 
Sweden (EIB 2025).



Box 4.1: Examples of international support for carbon capture projects

Kyrgyz Republic, carbon sequestration through climate investment in forests and rangelands.This project enhances carbon storage 

through sustainable land management practices. It received a $US 29.99 million grant from the GCF, an operating entity of the 

UNFCCC financial mechanism (GCF 2023).

Ethiopia, nature, people and climate programme: This is a national plan to restore degraded lands, protect forests and improve 

food security through carbon sequestration. It was backed with a $US 37 million investment from the CIF, a multilateral partner-

ship supporting low-carbon transitions (CIF 2024). BECCS initiatives are receiving more support, such as a sugarcane bagasse 

CO2 capture project in Brazil (Carbon Pulse 2025).

Box 4.3: Forest, wood and wood bioproducts finance

Sustainable forestry and wood bioproducts are attracting rising financial flows for climate mitigation, bioeconomy expansion and 

materials innovation. The Global Forest Finance Pledge (GFFP) has reported that since COP26, public donors have committed 

$US 10–13 billion towards sustainable forest protection, restoration and management globally (Forest Climate Leaders’ Partner-

ship 2025). The FAO Global Forest Sector Outlook 2050 suggests an investment need of approximately $US 25 billion annually 

by 2050 to modernize wood industries and value chains (FAO 2022).

Forest‑timber assets are emerging as viable investment classes. An analysis by Ernst & Young shows over 100 closed forestry and 

timber funds globally in 2022, delivering median internal rates of return (IRRs) of around 15–16 per cent, making them attractive 

to institutional investors (Capolaghi 2022). Despite the global forest‑based climate mitigation targets requiring $US 20–72 billion 

per year by 2030 (Austin et al. 2025), current flows remain below this threshold. To scale wood‑based bioeconomies, blended 

finance, ESG-aligned certification (FSC, PEFC) and risk-sharing tools are increasingly being employed. The most promising wood-

based products for large-scale substitution of fossil- and mineral-based materials include mass timber and engineered wood in 

construction, man-made cellulose fibres (MMCF) in the textile industry, and wood for renewable energy applications (Verkert 

et al. 2022). These uses not only offer high carbon abatement potential but also open investment opportunities in sustainable 

materials infrastructure. Investor sentiment in the bio-materials sector echoes this focus, prioritizing sustainable feedstocks, per-

formance-based materials and scalable innovation. Investors such as Zero Carbon Capital, Sustainable Ventures and Rockstart are 

particularly drawn to technologies with strong intellectual property, large-scale GHG reduction potential and viable co-financing 

structures (Science-Entrepreneur 2024). In addition to venture capital, alternative financing such as grants, advance market 

commitments and corporate co-manufacturing agreements are increasingly seen as essential for scale-up.
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Box 4.2: Scaling up biobased durable carbon removal

A growing market for durable CDR credits has emerged, with over 564 projects globally and 28 million tons contracted since 

2020, more than half of which were in early 2025. Engineered biomass pathways dominate, especially BECCS (75 per cent of 

future contracts), with major projects such as CO280 (USA), AtmosClear (USA), Ørsted (Denmark) and Stockholm Exergi (Swe-

den), all supported by subsidies of $US 130–180 per ton. Biochar leads in actual deliveries (81 per cent) thanks to its low-cost, 

decentralized approach, using crop or forestry waste. The market is highly concentrated, with Microsoft alone responsible for over 

75 per cent of contracted CDR. Forest-based credits are also rising, with 127 million ton having been contracted or announced 

since 2021, including 6.8 million tons from afforestation and reforestation credits issued in 2024 (CDR 2024). 19

Durable CDR method				    Projects contracted		 Projects delivered_

Biochar carbon removal (BCR)				   2.748			   558_____________

Bioenergy with carbon capture and storage (BECCS)	 20.562			   0_______________

Biomass direct storage				    106			   11______________

Biomass geologic sequestration			   495			   26______________

TOTAL						      23.911			   595_____________

19  Forest based initiatives were not included in the table because the reference reported only financial fig-ures in millions of USD, without providing the number of proj-
ects. More broadly, the forest carbon mar-ket has remained largely opaque, while companies often announce major deals, the overall market scale, emerging trends, and 
critical details such as pricing, contract structures, and delivery risks have not been systematically tracked.
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4.2.3 Sustainable agriculture and land use 

In recent years, bioinput  products used in agriculture to im-
prove soil fertility, stimulate plant growth and control pests have 
expanded significantly across the Global South, driven by public 
policies, regulatory frameworks and private sector engagement. 
In Brazil, the government launched the National Bioinputs Pro-
gramme in 2020, aiming to expand and strengthen the use of 
bioinputs for sustainable development (Brazil, Ministerio da Ag-
ricultura e Peuaria [MAPA] n.d.). This initiative supports invest-
ments in science, technology and innovation, promotes the im-
plementation of biofactories, and encourages the development 
of state-level bioinput programmes. In 2024, Brazil also enacted 
the Bio-inputs Law (Federal Law No. 15.070/2024, 2024), which 
regulates various aspects of the production, distribution and use 
of bioinputs across different cultivation systems. In Argentina, 
the National Advisory Commission on Agricultural Biotechnol-
ogy (CONABIA), under the National Directorate of Bioecono-
my, plays a key role in policymaking, regulation and promotion 
of these technologies (Ministry of Economy, n.d.). 

The Argentine Chamber of Biotechnology (CAB) promotes in-
novation and sustainable agriculture. The 2025 National Bioin-
puts Plan in Uruguay supports bio-input development and aligns 
with the country’s Sustainable Bioeconomy Strategy (MGAP 
2025). In India, the National Mission on Natural Farming has 
established Bio-Input Resource Centres to provide locally adapt-
ed solutions (Government of India 2024). In Africa, the BioSSA 
project run by the International Institute of Tropical Agriculture 
(IITA) delivers bio-inputs to boost smallholder farming in coun-
tries such as Nigeria and Tanzania (IITA n.d.). These initiatives 
reflect a global shift towards biological alternatives to reduce syn-
thetic inputs and promote more sustainable, resilient agriculture.

4.2.4 Biobased materials 

Financing often prioritizes biofuels and bioenergy, neglecting 
bioplastics and biochemicals, even though petrochemicals 
remain a major blind spot. Supporting integrated biorefiner-
ies can enable the production of both bulk commodities and 
high value bioproducts.20 However, commercialization phases 
receive less funding. For example, after developing bioplastic 
resins, further work is needed on additives and adapting equip-
ment to produce the final products. End-of-life solutions, such 
as advanced sorting and recycling, are also essential (Teixeira 
et al. 2023). Financing schemes should address the full product 
life cycle and support market creation (B2C and B2B) to ensure 
these technologies become financially viable at scale.

20  See https://www.iea.org/news/petrochemicals-set-to-be-the-largest-driver-of-
world-oil-demand-latest-iea-analysis-finds 

4.3  FINANCING CHALLENGES
The bioeconomy offers a powerful pathway for sustainable 
growth through biobased products and services. However, 
it faces significant financial barriers, including high costs, 
market risks and regulatory uncertainty. These challenges 
are more acute in developing regions due to limited fund-
ing and strong competition from fossil fuel-based industries. 
Addressing these barriers requires coordinated action from 
governments, the private sector and international partners to 
strengthen financial mechanisms and drive market adoption.

a) High initial costs and risk: Biobased technologies such 
as carbon sequestration and advanced bioproducts demand 
substantial upfront investment in research, development and 
scaling. These long timelines and high risks deter private in-
vestment, especially in early-stage ventures (WBEF and NF 
2023). Their technological complexity further increases risk, 
limiting access to conventional venture capital (OECD 2020).

b) Lack of commercial viability: Markets for biofuels, bioplastics 
and biobased chemicals are still emerging. These products often 
compete with fossil fuel alternatives that benefit from subsidies, 
making it difficult to achieve price competitiveness and steady de-
mand (See policies and regulatory frameworks needed to compete 
against fossil fuel-based technologies in Chapter 5). This market 
uncertainty undermines investor confidence and stalls the com-
mercial viability of biobased innovations (WBEF and NF 2024).

c) Limited public funding in the Global South: Although PPPs 
and blended finance models have been successful in the Europe-
an Union, such mechanisms remain limited in the Global South. 
Many governments lack the fiscal space to provide sufficient 
support and capital markets in these regions are often underde-
veloped (OECD 2020). Without international capital (including 
grants, guarantees and concessional investments), PPPs tend to 
underperform, even when the bioeconomy potential is high.

d) Regulatory and policy uncertainty: Investors are hesitant 
to commit to markets lacking clear and consistent regulations. 
This is especially relevant for biotechnology and carbon se-
questration sectors, which depend on enabling policy frame-
works (WBEF and NF 2024). Progress in setting a pricing 
mechanism for nature could also drive regulatory improve-
ments and promote stronger enforcement of financial integri-
ty rules, including those against nature-related crimes.

https://www.iea.org/news/petrochemicals-set-to-be-the-largest-driver-of-world-oil-demand-latest-iea-analysis-finds
https://www.iea.org/news/petrochemicals-set-to-be-the-largest-driver-of-world-oil-demand-latest-iea-analysis-finds
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e) Challenges in market integration: Integrating biobased 
goods and services into established global markets remains dif-
ficult, particularly in B2B and B2C segments. Traditional indus-
tries dominate trade and distribution networks and bioeconomy 
firms face structural disadvantages. Supportive trade policies 
and upgraded infrastructure are essential to help biobased in-
dustries scale (NF 2024). The UNCTAD Trade and Biodiversity 
database helps track such trends and frameworks from the G20 
and UNCTAD aim to ensure that bioeconomy trade supports 
biodiversity, local communities and equitable benefit-sharing 
(United Nations Trade and Development 2025).

Overcoming these interlinked barriers requires a coordinated, 
multi-stakeholder effort, combining targeted government policy, 
private sector leadership and international cooperation, to ex-
pand financial flows and scale a resilient, inclusive bioeconomy.

4.4  FINANCIAL ACTORS IN THE GLOBAL 
NORTH AND THE GLOBAL SOUTH
Financial actors in both the Global North and Global South 
play crucial roles in this process, with investments from inter-
national donors, government programmes and private sector 
initiatives focused on fostering sustainable development. 

In Europe, funds such as the Forbion BioEconomy Fund I  
(€ 164 million) and the European Union-backed ECBF support 
biobased and circular innovations. The ECBF, initiated by the 
European Union and supported by the EIB, is the first venture 
fund dedicated to growth-stage companies in the bioeconomy 
and circular bioeconomy, focusing on accelerating biobased in-
novations across European Union countries. The EIB finances 
global bioeconomy and ecosystem restoration projects through 
loans, grants and blended finance to promote sustainable value 
chains and green infrastructure (EIB 2024). Table 4.2 presents 
some examples of financial actors in the Global North.

Organization Region Key focus areas
Type of  
investment

Examples References

North American 
Development Bank 
(NADB)

North 
America

Clean energy, sustainable 
agriculture, waste treatment

Low-interest 
loans, grants, 
technical assis-
tance

Bioenergy projects in Mexico and the 
United States of America. reducing 
waste and improving energy access

NADB

The Rockefeller 
Foundation Global

Sustainable agriculture, 
climate -resilient farming, 
food security

Grants, strategic 
partnerships

YieldWise Initiative to reduce food 
waste in sub-Saharan Africa, sustain-
able farming

Rockefeller 
Foundation

The Bill & Melinda 
Gates Foundation Global

Biotechnology, crop resil-
ience, sustainable farming 
techniques

Grants, invest-
ments in agricul-
tural innovations

Invested in biofortified crops and 
innovations in sustainable agriculture 
(e.g., drought‑resistant seeds)

Gates 
Foundation

UK Green Invest-
ment Bank (GIB) / 
Green Investment 
Group

United 
Kingdom

Bioenergy, waste‑to‑energy, 
sustainable land management

Equity investment; 
green infrastruc-
ture financing

Invested in waste‑to‑energy plants and 
renewable bioenergy projects

Green Invest-
ment Group

KfW Bankengruppe Germany
Bioenergy, forest manage-
ment, sustainable agriculture, 
bio‑based material development

Loans, grants, 
technical 
assistance

Bioenergy plant in Brandenburg con-
verting waste into renewable energy KfW Bank

Swedish Interna-
tional Development 
Cooperation Agency 
(Sida)

Sweden
Sustainable agriculture, 
resource‑efficient production, 
clean technologies

Grants, project 
financing

Supported the East African Bioeco-
nomy Strategy; project in Tanzania 
promoting climate‑smart agriculture 
and sustainable food production

Sida

Blue Horizon Switzer-
land

Sustainable food systems, 
plant‑based foods, alternative 
proteins, sustainable farming

Venture capital Invested in Oatly and Beyond Meat to 
promote sustainable food systems

Blue  
Horizon

Impact Investment 
Funds (Triodos, 
Aavishkaar, Aurelia 
Ventures)

Global Sustainable agriculture, clean 
energy, circular economy

Impact investing; 
venture capital

Triodos invested in Bio‑bean (waste 
coffee grounds into biofuels)

Triodos IM, 
Aavishkaar, 
Aurelia Ven-
tures

Venture Capital 
& Private Equity 
(Seventure Partners; 
Breakthrough Energy 
Ventures)

Europe/
Global

Alternative proteins, biofuels, 
bioplastics

Venture capital; 
private equity

BEV invested in Heirloom (direct air 
capture with bioenergy solutions)

Seventure 
Partners, 
Breakthrough 
Energy Ven-
tures

EIB & European 
Bank for Recon-
struction and Devel-
opment (EBRD)

Europe/
Global

Clean energy, sustainable 
agriculture, circular biobased 
technologies, ecosystem 
restoration

Loans; green 
bonds; blended 
finance

Financed GreenBio projects on 
biobased materials and sustainable 
energy (EBRD also includes biofuels 
and energy)

EIB

European Circular 
Bioeconomy Fund 
(ECBF)

Europe

AgTech/ blue economy; Food-
Tech/ nutrition; Industrial Bio-
tech & biochemical; Biobased 
materials for Packaging, 
Construction and textiles 

Growth-stage 
equity investment

Invests exclusively in late-stage 
bioeconomy ventures (25) across EU 
countries (13)

ECBF 

Forbion BioEcono-
my Fund I Europe

Food, agriculture, materials, 
environmental technologies; 
biotech, medtech

Venture capital Growth capital for bioeconomy‑related 
technologies and companies

Forbion Fund
https://for-
bion.com/en/

Table 4.2.  Examples of financial actors in the Global North

https://www.rockefellerfoundation.org
https://www.rockefellerfoundation.org
https://www.gatesfoundation.org
https://www.gatesfoundation.org
https://www.greeninvestmentgroup.com
https://www.greeninvestmentgroup.com
https://www.kfw.de
https://www.sida.se
https://bluehorizon.com
https://bluehorizon.com
https://www.triodos-im.com
https://www.aavishkaar.in
https://www.aureliavc.com
https://www.aureliavc.com
https://www.seventure.fr
https://www.seventure.fr
https://www.breakthroughenergy.org
https://www.breakthroughenergy.org
https://www.breakthroughenergy.org
https://www.eib.org
https://forbion.com/en/
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In the Global South, bioeconomy innovation is backed by 
public tools such as concessional credit, green bonds and 
results-based financing to promote sustainability and reduce 
fossil fuel dependence, supporting national development and 

climate goals. Globally, organizations are increasingly invest-
ing in bioeconomy projects to advance sustainable develop-
ment, climate action and biodiversity (Table 4.3).

Organization
Region/
Country

Key Focus Areas
Type of Invest-
ment

Comments References

North American 
Development Bank 
(NADB)

North 
Amer-
ica

Clean energy, sustain-
able agriculture, waste 
treatment

Low‑interest 
loans, grants, 
technical 
assistance

Financed bioenergy projects in 
Mexico and the United States 
of America to reduce waste and 
improve energy access

NADB

Petrobras & Régia 
Capital

Brazil
Impact climate action; 
biodiversity preservation; 
carbon/biodiversity credits

Petrobras 
Bioeconomy 
Fund

R$ 100 million (~$US 20 million) 
fund for socio‑environmental 
bioeconomy projects; linked com-
pensation model aligning returns 
with sustainability outcomes

Petrobras Agen-
cy, 2025

Inter‑American 
Development Bank 
(IDB) & The Nature 
Conservancy (TNC)

Amazon 
region

Sustainable supply 
chains; reforestation; 
regenerative agriculture

Capital 
investment

Partnership to boost the regional 
bioeconomy through nature‑based 
solutions

IDB Invest

FAO & Amazon 
Cooperation Treaty 
Organization (OTCA)

Amazon 
region

Amazonian Bioeconomy 
Investment Program

Programme 
finance

$US 89.9 million to promote in-
clusive rural transformation across 
eight Amazon countries

FAO and OTCA

RenovAgro; Inova-
gro; ABC+

Brazil

Climate technologies in 
agriculture (rehabilitation 
of degraded lands; organic 
transitions; residues; 
biological inputs)

Concessional 
credit facilities

Supports domestic bio‑inputs 
manufacturing to substitute 
fossil‑based agrochemicals and 
reduce emissions

UNFCC
Agroicone

Agriculture Infra-
structure Fund (AIF) 
& Green Credit 
Programme (GCP)

India
Climate‑resilient infra-
structure; adoption of 
biobased technologies

Financial and 
market‑based 
incentives

Supports biological inputs, waste 
management and regenerative 
agriculture practices

(Bhattacharjya, 
2024; Govern-
ment of India, 
2023; MAPA, 
2024).

BioInnovate Africa
East 
Africa

Smallholder‑focused 
biotech and agronomy; 
commercialization of 
biobased ideas

Grants for 
research and 
training; venture 
finance for private 
businesses

~80% donor‑funded; needs public 
financing and regional mecha-
nisms to de-risk innovation and 
attract larger investors

(Ecuru, 
Savadogo and 
Araba, 2024) 
Bioinnovate 
AfricaBCG 
(2025)

Bio‑Circular‑Green 
Economic Model 
(BCG)

Thai-
land

Agriculture; food; bio-
energy; biomaterials and 
biochemicals; health; 
tourism; circular & 
creative economies

$US 310 million 
public‑private 
partnership

Cooperative agreement among 18 
organizations including govern-
ment, industry and financial 
institutions

NTSDA

Ministry of Environ-
ment

Colom-
bia

Decarbonization; resto-
ration; climate change 
projects; bioeconomy

Public‑private 
funds (COP 49 
trillion ≈ $US 
12.2 billion)

Socio‑ecological transition and 
climate action in Colombia

Gov Colombia

Table 4.3.  Examples of financial actors in the Global South

https://agencia.petrobras.com.br/en/w/sustentabilidade/petrobras-e-regia-capital-criam-fundo-de-r-100-milhoes-para-projetos-de-bioeconomia
https://agencia.petrobras.com.br/en/w/sustentabilidade/petrobras-e-regia-capital-criam-fundo-de-r-100-milhoes-para-projetos-de-bioeconomia
https://idbinvest.org/en/news-media/idb-invest-and-nature-conservancy-join-forces-advance-nature-based-solutions-amazon-region
https://www.fao.org/americas/news/news-detail/inversion-bioeconomia-amazonica/en
https://unfccc.int/sites/default/files/resource/MDA_Submission_to_UNFCCC_SCF_Forum_2025.pdf
https://agroicone.com.br/wp-content/uploads/2024/12/metodologia-creditorural.Agroicone.en_.pdf
https://www.nstda.or.th/thaibioeconomy/118-bcg-assembly-launches-a-10-billion-thb-public-private-partnership-to-drive-bcg-agenda.html
https://www.minambiente.gov.co/sector-ambiente-dinamiza-la-economia-del-pais-con-49-billones-de-pesos-para-la-restauracion-ministra-muhamad/
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4.5  OPPORTUNITIES IN THE FINANCIAL 
WORLD FOR KEY CLIMATE TECHNOLOGIES 
WITHIN THE BIOECONOMY 

The bioeconomy offers significant investment opportunities 
aligned with climate and sustainability goals. Governments, 
investors and firms are scaling technologies to address en-
vironmental and social challenges. Key instruments include 
public funding, venture capital, blended finance and carbon 
markets. Horizon Europe and the GCF support technology 
deployment and risk reduction. Early-stage firms depend on 
venture capital and government-backed VC (GovVC). Blend-
ed finance is crucial in low- and middle-income countries. 
Growing consumer demand and supportive policies drive bio-
fuels, bioplastics and biobased chemicals. As the sector ma-
tures, carbon credits (e.g. BECCS) and sustainability-linked 
tools such as green bonds become increasingly important.

Key financial opportunities:

•	 �Growing market demand for biobased products: The 
rising global demand for sustainable alternatives creates a 
robust market for biofuels, bioplastics and other biobased 
chemicals, which is expected to reach a market value of 
$US 30 trillion by 2050 (WBEF and NF 2023).

•	 �Government funding and PPPs: Public funding pro-
grammes such as Horizon Europe and the GCF, alongside 
PPPs, provide substantial financial backing for bioecono-
my projects. These mechanisms reduce risks for investors 
and accelerate the commercialization of new technologies 
(GCF 2023).

•	 �VC and GovVC: Government-backed venture capital and 
private investments are key to supporting early-stage bio-
economy startups, particularly in high-tech sectors such as 
biotechnology and renewable energy (OECD 2019; Berger 
et al. 2024).

•	 �Blended finance and nature markets: Blended finance 
models that combine concessional public funding with pri-
vate capital help scale bioeconomy projects, particularly in 
developing countries. Nature-based solutions, such as car-
bon and biodiversity credits, also offer financial incentives 
for bioeconomy initiatives (GCF 2023).

•	 �Carbon markets and sustainability-linked finance: The 
growth of carbon pricing systems such as the EU ETS pro-
vides opportunities for bioeconomy projects that generate 
carbon credits. Sustainability-linked bonds and loans also 

provide bioeconomy companies with favourable financing 
terms based on their environmental performance (OECD 
2019; Berger et al. 2024). Worldwide, UNFCCC CDM/arti-
cle 6.4 and Verified Carbon Standard trading are an exam-
ple of generating carbon credits for international trading 
and finance (UNFCCC 2024).

•	 �International cooperation and collaborative frame-
works: Global initiatives such as the G20 Bioeconomy 
Initiative promote international collaboration and fund-
ing for bioeconomy projects, unlocking growth potential 
in biobased industries worldwide (WBEF and NF 2023).

These mechanisms combine to offer a favourable environment 
for investing in the bioeconomy, paving the way for scalable, 
sustainable biobased solutions that address global challenges. 
Furthermore, these mechanisms make it possible to consider 
the transfer of technologies from North-South, South-North 
and South-South.

4.6  CONCLUSIONS 
A sustainable, resilient bioeconomy needs substantial finan-
cial mobilization using diverse tools such as government 
grants, venture capital, blended finance and carbon markets, 
to drive innovation in sectors such as agriculture, bioenergy 
and carbon sequestration. These instruments help de-risk in-
vestments and support climate, biodiversity and social goals. 
While current funds have specific objectives (e.g. climate or 
bioenergy), together they shape the bioeconomy financing 
framework. As the sector evolves, new targeted funding ap-
proaches may also emerge, expanding opportunities further.

Despite its potential, the bioeconomy faces major barriers, 
high costs, market uncertainty, regulatory hurdles and limit-
ed capital access, especially in developing regions. However, 
successful examples from the Global North and South show 
that targeted mechanisms such as blended finance and PPPs 
can bridge financing gaps, particularly in emerging econo-
mies rich in biological resources. Moving forward, collabo-
ration among governments, investors and international or-
ganizations is crucial to create clear regulations, incentivize 
investments and build capacity. International cooperation is 
also key for harmonizing standards and expanding markets. 
Overcoming these barriers offers opportunities for innova-
tion, economic diversification and climate action through 
strategic bioeconomy investments.



CHAPTER HIGHLIGHTS

•	 Phasing out fossil fuel subsidies remains critical to advancing the bioeconomy. 
Aligning this transition with national socio-economic priorities ensures equity and 
effectiveness. A systemic approach to biobased policies can enhance coherence across 
sectors, balance land-use demands, and strengthen synergies between mitigation and 
adaptation. Supporting biobased research clusters, innovation platforms, and peer 
learning, especially in emerging economies, can accelerate adoption and scaling.

•	 Inclusive and participatory governance is essential. Policymakers are encouraged to 
address the diverse perspectives across bioeconomy sectors by fostering transparent, 
context-specific strategies that reflect local priorities and institutional capacities. 
Awareness-raising is particularly important in rural and non-OECD regions to build 
public understanding and stakeholder engagement.

•	 Standardization and innovation are key to ensuring sustainability. Promoting common 
technical standards, robust certification systems, harmonized monitoring frameworks, 
and digital tools will improve transparency, accountability, and environmental and social 
outcomes across fragmented bioeconomy landscapes.

•	 It is recommended that the deployment of biobased technologies be guided by social 
justice and environmental integrity. In biodiversityrich and ecologically sensitive areas, 
safeguards are essential to protect the rights and livelihoods of Indigenous Peoples and 
Local Communities (IPLCs). Responsible innovation must integrate these considerations 
to ensure equitable transitions

•	 Embedding sustainability in bioeconomy strategies is essential to address the 
environmental pressures from increasing biomass demand. This includes integrating 
sustainability frameworks into national and regional policies, adopting robust monitoring 
systems with sound indicators and disaggregated data, and promoting nature-based 
solutions such as soil health and ecosystem restoration.

•	 International cooperation and multi-stakeholder networks are vital to scaling biobased 
technologies. Platforms such as the G20 Bioeconomy Initiative, the International Advisory 
Council on Global Bioeconomy (IACGB), and the FAO-led Global Bioeconomy Partnership 
can align efforts, share best practices, and mobilize investment and political support.

•	 Effective policy coordination is essential. The cross-sectoral nature of the bioeconomy requires 
alignment across national and subnational levels. Gaps and inconsistencies in existing policies 
can hinder deployment. Multilevel governance, international collaboration, and digital tools 
are needed to harmonize standards and safeguards for sustainable biomass use.

•	 Secure land tenure and strong legal frameworks are foundational. Strengthening land 
and resource governance, especially through multilateral initiatives, can unlock solutions 
like agroforestry on small farms, supporting multiple SDGs. Regulatory frameworks with 
clear, verifiable targets are essential to ensure accountability, drive innovation, and 
enable coherent action across sectors.
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5. 1 INTRODUCTION 
The implementation and upscaling of biobased technologies 
comprising biomass conversion,  Bio-CCUS, sustainable ag-
riculture and land use and biobased materials, as defined in 
Chapters 1 and 2 of this report is shaped by a variety of policies, 
institutions and governance mechanisms at different levels. At 
the subnational level, provision of raw inputs may be affected 
by policies such as local land and water use regulations, in-
formal institutions for resource use or sharing (especially in 
low-income countries) and governance systems for public and 
private actors. At the national level, a wide array of enablers and 
barriers may be relevant, such as land use legislation, engage-
ment in certification and voluntary carbon markets, licensing 
of technologies, national planning priorities and the relevant 
national plans and mechanisms under the Paris Agreement. At 
the international level, multilateral cooperation, trade and in-
vestment institutions and a variety of international and regional 
cooperation mechanisms determine the operating context.

As with all developments of markets and resources, there are “en-
abling” and “constraining” functions in policies, institutions and 
governance. Technological innovation platforms and policy sup-
port mechanisms are crucial for scaling up (enabling) biobased 
technologies and facilitating new markets for value-adding bio-re-
sources. Regulations and governance are important in ensuring 
sustainability (constraining) in biomass production and use and in 
the appropriate application of biobased technologies. Regulations 
can play a key role in shaping biomass markets such as by either 
incentivizing or discouraging the export of raw biomass versus 
processing biomass for value-added products within the country. 
Well-designed policies can encourage value addition and keep 
more economic benefits domestically, rather than simply export-
ing unprocessed biomass. Conversely, a lack of such regulations 
may incentivize raw biomass exports, often resulting in limited 
local value creation and potentially unsustainable harvesting prac-
tices driven by demand from countries with greater technolog-
ical and processing capacity (Albinelli et al. 2024). Considering 
the broad jurisdictional scope that ranges from local to global, 
biobased technologies clearly require effective multilevel gover-
nance to thrive and remain sustainable (Hurlbert et al. 2019).

The capacity to deploy biobased technologies varies widely 
around the world and the operating context is highly heterog-
enous. Due to the close connections to agriculture, forestry and 
land use, the market-technology organization and policy context 
of the bioeconomy varies and tends to be site-specific, not only 
across countries but also across different biomes and climates. 
The range of supply chain and value chain issues that significant-
ly impact the success or failure of biobased technologies can be 
somewhat complex (Diakosavvasand Frezal 2019). In addition 

to market and physical aspects discussed elsewhere in this re-
port, complexities also arise due to highly diverse stakeholder 
groups, some of whom may lack awareness of biobased technol-
ogies (Bößner et al. 2023). The cross-sectoral nature of biobased 
technologies further affects the ability to reach a common under-
standing among these stakeholders (Pender et al. 2024). 

Stakeholders often have quite different visions of the bioecon-
omy that can lead to contentious issues such as the classic food 
versus fuel issue (Rosillo-Calle and Johnson 2013), which im-
pact perceptions of credibility and the resulting challenges for 
governance. One useful characterization of stakeholders in an-
alysing governance is derived from three visions of bioeconomy 
based on bio-resources, bio-ecology and biotechnology (Bug-
ge et al. 2016). The biotechnology vision emphasizes research, 
application and the commercialization of bio-technologies in 
different sectors and the potential for economic growth. The 
bio-resource vision focuses on the potential in upgrading and 
conversion of biological raw materials and associated job cre-
ation. Finally, the bio-ecology vision highlights the importance 
of preserving biodiversity, conserving ecosystems, and manag-
ing wastes for a bio-circular economy (Bugge et al. 2016).

These contrasting visions are part of the institutional dynam-
ics in designing and implementing policies, regulations and 
governance mechanisms, which are then negotiated, inter-
preted and adjusted alongside their climate and development 
context (see Figure 5.1).

Advancing bioeconomy pathways and transitioning to a more 
sustainable use of biobased resources has been of growing in-
terest for policymakers around the world, especially since 2015, 
due to linkages with the SDGs and the role of the bioeconomy 
in achieving the goals of the Paris Agreement. Bioeconomy 
strategies and the supporting policies and technology platforms 
have been moving from niche to mainstream during the past 
two decades or so (OECD 2018b). More than 60 countries have 
adopted strategies regarding the bioeconomy, bio-science or 
biotechnology (Gomez San Juan 2024). Countries such as Bra-
zil, Thailand and Germany have created dedicated units (com-
missions, working groups etc.) to further biobased innovation 
(Khatri-Chhetri et al. 2022; Bößner and Mal 2024). 

Recognizing the inherent heterogeneity, dynamism and com-
plexity of the entire multilevel landscape of biobased technol-
ogies, this chapter takes a deeper look at enabling and con-
straining policies and institutions, as well as the associated 
governance mechanisms and collaboration platforms that 
have developed. Although the marine and/or ocean bioecon-
omy can be significant for climate technology solutions, this 
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chapter (as with the report as a whole) focuses on the land-
based deployment of biobased technologies. The authors offer 
examples of progress in policies and governance, including, 
where applicable, the opportunities for bioeconomy to lever-
age synergies with the SDGs. Indeed, in some respects the 
bioeconomy-climate nexus can be seen as an alternative de-
velopment model (McCarthy et al. 2025). 

This chapter is divided into three main sections. The next sec-
tion provides an overview of key policies and regulatory frame-
works aimed at reducing emissions, with an emphasis on sub-
stitution for fossil fuel-based technologies and systems. This is 
followed by a complementary perspective that emphasizes risk 
management, adaptation co-benefits and synergies with SDGs. 
The third section considers governance at different levels and 
international cooperation from a broader perspective, with re-
spect to key modes of collaboration and cooperation platforms 
aimed at advancing biobased technologies. In each of the three 
sections, selected policy-relevant developments and cases are 
referenced, in some instances as separate boxes or tables, cov-
ering a range of local, national, regional and global perspectives 
as well as different resources and thematic issues.

5.2  BIOECONOMY POLICIES FOR REDUCING 
EMISSIONS AND CLIMATE RESILIENCE
The potential for reducing emissions and promoting climate 
resilience is especially significant in the AFOLU sectors and 
associated biobased industries. In particular, sustainable agri-
culture and forestry, technology innovation in biobased pro-
duction and global trade in biobased products can advance 
both mitigation and adaptation goals (Babiker et al. 2022). 
However, these sectors are characterized by greater diversity 
and uncertainties compared to other sectors such as energy 
and transport (Rinn et al. 2024; Johnson et al. 2025). Whereas 

we have seen rapid uptake of low-emissions technologies and 
practices in electricity generation, the AFOLU sector faces 
unique structural and economic challenges which complicate 
technology adoption and behaviour change (Bößner and Mal 
2024; Khatri-Chhetri et al. 2022). Although there have been 
significant advances in technology and resource innovation 
within the bioeconomy, upscaling and commercialization are 
lagging, suggesting a need for improved enabling policies. Bar-
riers and challenges are briefly reviewed below, followed by an 
overview on progress in policy design and implementation.

In the AFOLU sectors, climate mitigation goals intersect in 
complex ways with issues such as land degradation, defor-
estation and food security, due to future climate impacts on 
the productivity of land use systems, as well as socioeconomic 
factors (IPCC 2022c). Navigating these interactions requires 
policy support and regulatory structures that can provide 
more certainty for investment such as secure land rights, a 
level playing field between fossil fuel based and biobased tech-
nologies and practices and innovation support policies.

Emerging innovations and markets for biobased technologies 
must also contend with or compete with entrenched systems 
of norms and infrastructure, often referred to as the “dominant 
regime” (Geels 2002; Geels 2014; Geels and Schot 2007). In the 
context of competing with innovative biobased technologies, the 
fossil fuel-based regime benefits not only from decades of regu-
latory and monetary support but also from a widely developed 
infrastructure and entrenched political backing (Bößner 2019). 
Pressure from powerful private vested interests maintains the 
stability of the fossil fuel regime, whereas biobased technologies 
are heterogeneous, decentralized and fragmented, a critical factor 
impacting technology adoption and the effectiveness of gover-
nance frameworks for the bioeconomy. 

Figure 5.1.  Biobased technologies: visions, goals and governance
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Policies and regulatory frameworks for the emerging bioeco-
nomy can only be effective if there is a more level playing field 
between fossil fuel-based technologies and biobased ones. The 
International Monetary Fund (IMF) estimates that around 
$US 7 trillion of subsidies is spent globally each year on oil, 
gas and other fossil fuels (IMF 2022). Rather than declining, 
this figure has been increasing over recent years. In regions 
such as the Middle East and South-East and Central Asia, al-
locating between 10 and 23 per cent of GDP on subsidizing 
fossil fuel production and consumption, a disproportionate 
share of public budgets (IMF 2022). And although equity con-
cerns complicate fossil fuel subsidy reform (e.g. lower income 
households might depend on fuels with lower upfront cost) 
(Couharde and Mouhoud 2020), each advantage conferred 
upon non-biobased technologies and practices makes it harder 
for biobased ones to compete. Challenges in setting a realis-
tic carbon pricing and taxation system further compound the 
challenges of effective fossil fuel subside reform (OECD 2023).

Even if policy support is forthcoming, bioeconomy and land-
based climate action are also subject to the same policy dilem-
mas that pit the need for regulatory support (Dietz et al. 2018; 
Maxon 2023) against overregulation concerns (Wesseler and 
von Braun 2017). Policy coordination is another issue, partic-
ularly due to the inherently cross-sectoral nature of bioecon-
omy planning (Pender et al. 2024) as well as the need to plan 
across subnational, national and, where applicable, interna-
tional levels (Schlaile et al. 2025). Moreover, policies and reg-
ulatory frameworks (or the absence thereof) that might not be 
directly related to biobased technologies may present a barrier 
to those innovations. For instance, in many low-income coun-
tries, robust land tenure systems may be lacking, which often 
disincentivizes producers from investing in new technologies 
due to lack of ownership. This in turn might lead to short-
term planning, resulting in deforestation, excessive fertilizer 
use and other unsustainable land-use practices (Betts et al. 
2022; Murken and Gornott 2022; Tseng et al. 2021) with neg-
ative consequences to aquatic ecosystems and the people they 
support. This study creates a framework for how deforestation 
from cattle ranching causes shifts in stream community struc-
ture, mediated by changes in stream habitat over time. It in-
tegrates temporally explicit land use information with stream 
habitat, macroinvertebrate, freshwater shrimp, and fish com-
munity data to assess impacts of cattle ranching on 15 head-
water streams. The deforestation history measure (DHM. To 
make matters even more complex, between 70 and 80 per cent 
of all farmlands globally is operated by small-scale farms with 
under two hectares of land (FAO 2024b). This fragmentation 
poses challenges for pooling biomass effectively (Lautala et 
al. 2015) and can limit the potential of biobased technologies. 

On the other hand, improvements in land tenure and land 
governance, including through multilateral initiatives, could 
be part of reforms that facilitate upscaling of biobased tech-
nologies such as carbon sequestration and utilization within 
agroforestry, even for small-scale farms, with possible SDGs 
synergies (Calvin et al. 2021).

Furthermore, biobased technologies require sustainability and 
feasibility analysis across all three dimensions (see Chapter 3 
on feasibility). The potential negative impact of crops grown for 
energy, for instance, on land-use, food availability and biodiver-
sity has been studied (Immerzeel et al. 2014; Muscat et al. 2020) 
and ecological trade-offs with the global sustainability agenda 
from deploying biobased technologies have garnered the atten-
tion of scholars and policymakers (Vera et al. 2022). Moreover, 
while IPCC scenarios suggest that nearly a billion hectares of 
land could be required for carbon removal (IPCC, 2022c) these 
estimates are heavily shaped by the assumptions embedded in 
integrated assessment models (IAMs). Such models have his-
torically emphasised BECCS and afforestation/reforestation, 
while underrepresenting the broader range of available CDR 
approaches. This narrow framing may not incorporate pro-
ductivity improvements from other biobased technologies and 
risks overstating land needs (see Chapter 2). Expanding the 
portfolio to include other CDR options alongside revised as-
sumptions on renewable energy integration and discount rates 
could reduce the modelled reliance on BECCS and, in turn, 
can lower expected land requirements (Chiquier et al. 2025).

5.2.1 Overcoming challenges and seizing the potential

Regardless of which options are chosen in different con-
texts. A reliable supply of sustainable biomass is key for most 
biobased technologies and especially for scaling up Bio-CCUS 
, since it will impose additional demands on land and bio-
mass. Institutional mechanisms such as the European Biochar 
Certificate can support minimum standards and facilitate in-
creased reliability through trade (EBC and WBC Guidelines 
& Documents n.d.). Voluntary markets for carbon removal 
can operate through corporate-level mechanisms such as the 
Science-Based Targets initiative (SBTi) commitments, which 
can be important in kickstarting the markets and establish-
ing credibility. Even within the European Union, which has 
a highly mature level of economic cooperation and policy 
coherence, the proliferation of sometimes competing regula-
tions alongside the lack of a level playing field with fossil fuels 
creates challenges to ensuring a sustainable biomass supply in 
the case of BECCS (See Appendix 2, Box 2). Fossil fuels do not 
face any certification requirements, while biobased resources 
in an effort to ensure their sustainability normally do.



Looking beyond barriers and challenges, the advancement of 
biobased technologies can be seen in the worldwide growth 
of dedicated bioeconomy and bio-science strategies and plans 
(Funduk 2022; FAO 2023). A dashboard developed by FAO 
maps these various strategies to IPCC-identified climate change 
mitigation and adaptation options and the Kunming-Montreal 
Global Biodiversity Framework (GBF) targets (FAO 2023). Of 
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the 1 009 actions extracted from bioeconomy strategies, 503 
have been mapped as relevant to IPCC mitigation options, 
335 to IPCC adaptation options and 454 to GBF targets (FAO 
2023). Table 5.1 highlights some examples of actions and map-
pings, demonstrating key linkages between bioeconomy strat-
egies, and climate and biodiversity goals and targets. 

Table 5.1 Mapping mitigation, adaptation and biodiversity in selected bioeconomy strategies

Country Action from bioeconomy strategy

Mapped as relevant to:

IPCC mitigation option
IPCC adaptation 
option

Global Biodiversity Framework 
target

A
us

tr
ia

Systemic assessment of the 
interactions between climate 
change and increased biomass 
production and biodiversity 

Biomass crops for bioenergy, 
biochar and other biobased 
products

Biodiversity 
management and 
ecosystem connec-
tivity

Target 8: Minimize impacts 
of climate change and ocean 
acidification including through 
nature-based solutions and/or 
ecosystem-based approaches

C
ol

om
bi

a Biotechnology for a more 
productive, sustainable and 
resilient to climate change 
agrifood system

Sequester carbon in agriculture 
(Soil carbon management in 
croplands, soil carbon manage-
ment in grasslands, agroforestry, 
biochar application)

Land and ocean 
ecosystems / Other

Target 10: Sustainably manage 
areas under agriculture, aqua-
culture, fisheries and forestry 

M
al

ay
si

a

Creating value from agricultural 
and industrial waste 

Circular economy and industrial 
waste

Not mapped
Target 7: 
Reduce pollution, halving nutri-
ent loss and pesticide risk

S
ou

th
 A

fr
ic

a

Develop integrated biorefineries 
from biobased feedstocks. In a 
low-carbon future, biorefiner-
ies (comparable to petroleum 
refineries) will use renewable 
biomass to produce bioener-
gy, biomaterials and biobased 
chemicals

Industry / Other Not mapped Not mapped

Th
ai

la
nd

Conserve forested watersheds 
and develop a platform to sup-
port water use reduction, water 
recycling and water quality 
improvement

Protect forests and other eco-
systems (reduce deforestation 
and degradation, reduce conver-
sion of coastal wetlands, reduce 
degradation and conversion of 
peatlands, reduce degradation 
and conversion of grasslands 
and savanna)

Water use effi-
ciency and water 
resource manage-
ment

Target 3: 
Conserve 30 per cent of land, 
water and seas

E
as

t 
A

fr
ic

an
 R

eg
io

na
l 

B
io

ec
on

om
y 

S
tr

at
eg

y

Biobased construction materials. 
Transforming the local construc-
tion industry into one that is 
low-carbon and climate-smart, 
and based on locally produced 
renewable building materials

Change in construction mate-
rials

Green infrastruc-
tures and ecosys-
tem services

Not mapped

A similar mapping exercise was performed for NDCs, National 
Adaptation Plans (NAPs), Long-Term Low Emissions Develop-
ment Strategies (LT-LEDS) and National Biodiversity Strategies 
and Action Plans (NBSAPs), revealing several explicit references 

to the bioeconomy. Notably, 22 LT-LEDS look to the bioeconomy, 
suggesting its relevance for long-term planning. Table 5.2 provides 
some examples.

 (Source: Adapted from FAO 2023)
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Several countries have emerged as regional leaders aiming to 
catalyse cooperation to facilitate trade and technology trans-
fer for biobased innovation. Thailand is a notable example in 
Asia. The Thai BCG model promotes policy synergies across 
the bioeconomy, the circular economy the green economy 
and sustainable development planning (see Appendix 2, Box 
3). For instance, circularity principles support biorefinery 
systems based on bio-waste, while solar PV or wind power 
can be integrated into bioeconomy strategies (D’Amato and 
Korhonen 2021). A plurality of approaches for biobased 

economies offers needed flexibility, particularly considering 
the multilevel and polycentric nature of biobased systems 
and their governance (Lubell and Morrison 2021). Integrat-
ing innovation and research policies across the bioeconomy, 
the circular economy and the green economy could boost 
the uptake of biobased technologies. Kenya has incorporated 
biobased climate actions and bioeconomy perspectives across 
a wide variety of legislation and policies (see Table 5.3) and is 
part of the comprehensive East African Community Regional 
Bioeconomy Strategy (see Appendix 2, Box 4). 

Table 5.2 Selected examples to represent bioeconomy principles or strategies in LT-LEDS

(Source: Adapted from FAO 2023)

Country Integration of bioeconomy in Long-term Low Emission Development Strategies (LT-LEDS)

Colombia

The bioeconomy is a pivotal element of the Colombia LT-LEDS, serving to internalize externalities and promote sustain-
able production. Implementation is supported by an investment fund for bioeconomy initiatives, with two main objec-
tives: supporting goods and services based on biodiversity and securing additional funding. Enabling actions focus on 
building institutional capacities at both national and regional levels, fostering a better understanding of the bioeconomy 
and facilitating the development of related projects.

Costa Rica

To advance the development of highly efficient agrifood systems with low-carbon export and local consumption goods, 
Costa Rica aims to transition its agricultural sector to a bioeconomy model. In the short term (2023-2030), Costa Rica will 
focus on the direct use and sustainable transformation of biological resources, including biomass waste, within a circular 
economy framework. Looking ahead (2031-2050), the goal is to scale and transform the agricultural system to become a 
key contributor to the Costa Rican bioeconomy, becoming more productive and resilient while reducing its carbon footprint.

Lithuania

In the non-ETS sector, promoting the adoption of advanced, energy-efficient technologies is a key mitigation option for 
Lithuania. To this end, a competitive circular economy and a bioeconomy built on biomass resources is being fostered. 
Additionally, Lithuania aims to nurture a bioeconomy that emphasizes higher value creation, embraces circular princi-
ples and enhances its economic contribution at the national level.

New 
Zealand

In its long-term strategy, New Zealand emphasizes the significance of the bioeconomy. The country’s economy is distin-
guished by its high value and its foundation in circular practices, innovation, skill development and the efficient utiliza-
tion of renewable bioresources. Economic activities are intentionally designed to operate within the natural environment, 
with the dual objectives of regeneration and job creation, all aimed at enhancing the well-being of its citizens.

Nigeria
In Nigeria, the long-term vision for 2050 prioritizes sustainable development and aims to ensure resilient economic growth 
that can withstand the impacts of climate change. This vision emphasizes active collaboration among diverse stakeholders 
across various sectors including the bioeconomy, marine and environmental sustainability and the food industry.

Republic 
of Korea

The country’s LT-LEDS emphasizes the importance of harnessing by-products as valuable resources for bio-industry. 
Specifically, it highlights the significance of oyster shells, which are a highly prized, recyclable by-product of oyster pro-
duction. Opportunities for their use include their substitution for conventional limestones, leading to a reduction in GHG 
emissions and their use in the production of food, pharmaceuticals and cosmetics, reducing waste.

Sweden

The country’s National Forest Programme, guided by its vision of forests as “green gold”, aims to harness the potential of 
forests to stimulate job creation, sustainable economic growth and the advancement of a thriving bioeconomy, by efficiently 
utilizing forest resources while adhering to sustainability criteria aligned with environmental and societal objectives. Fur-
thermore, it prioritizes the preservation or enhancement of the forest’s long-term capacity to sequester carbon. Additionally, 
Sweden plans to collaborate with green industries to formulate a comprehensive, national bioeconomy strategy, focusing on 
expanding biomass availability, generating employment opportunities and delivering environmental and climate benefits.

Thailand
In the context of decarbonizing the transport sector, the LT-LEDS developed by Thailand includes the promotion of 
investments in renewable energy technology, fostering research and development in the field of hydrogen and advancing 
bio-jet technology. Thailand emphasizes its commitment to supporting the growth of the bioeconomy.
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Both broad and targeted policy measures are needed to strength-
en the bioeconomy and biobased innovation pathways. Broader 
measures include levelling the playing field with fossil fuels by 
abolishing fossil fuel subsidies and implementing policies that 
support nascent, innovative technologies and practices. Feed-in 
tariffs for bioenergy, tax incentives to support biobased technol-
ogies and practices and specific innovation policies are examples 
of such targeted measures. In Germany, an interesting example 
of targeted innovation policies with a concrete outcome is the 
Bioökonomierevier initiative in the German Rhineland, which 

Table 5.3  Policies/strategies in support of biobased technologies in Kenya

Policy/strategy 
reference

Biomass conversion 
technologies

Carbon sequestration and 
utilization technologies

Sustainable agriculture 
and land use technologies

Biobased materials

(Energy Act 
2019)

Promotes development and use of 
renewable energy technologies, in-
cluding biomass, biodiesel, bioeth-
anol, charcoal, wood and biogas. 
The Act encourages cogeneration of 
electric power by sugar millers and 
use of municipal waste for energy 
production (section 75(1)

Supports harnessing 
opportunities under clean 
development mechanisms 
and carbon credit trading to 
promote renewable energy 
sources (section 75(2)(g)

Advocates for the use of 
fast-maturing trees for 
energy production and 
establishment of com-
mercial woodlots (section 
75(2)(c)

Encourages the 
production and use of 
gasohol and biodiesel, 
promoting biobased 
alternatives to fossil 
fuels (section 75(2)(j)

(National Cli-
mate Change 
Action Plan 
2018)

Aims to increase the uptake of 
clean cooking solutions, including 
biomass briquettes and improved 
cookstoves (page 130)

Targets increasing forest 
cover to 10% and reha-
bilitate degraded lands, 
enhancing carbon sinks 
(page 123)

Implement Climate Smart 
Agriculture to improve 
productivity and resil-
ience, promoting agrofor-
estry and sustainable land 
management (page 123)

Encourages climate-re-
silient buildings and 
settlements, integrat-
ing biobased materials 
(page 129)

(Climate 
Change Act 
2016)

Mandates the development of a 
National Climate Change Action 
Plan to guide low-carbon develop-
ment (section 13(3)(a)

Establishes a framework for 
carbon trading, including 
participation in carbon 
markets and establishment 
of a National Carbon Regis-
try (Sections 23B–23G)

Requires integration of 
climate change responses 
into sector functions, pro-
moting sustainable land 
use (Section 13(3)(b))

Supports energy 
conservation and 
efficiency, potentially 
including the use of 
biobased materials 
(section 13(3)(j)

(National 
Energy Policy 
2018)

Promotes research, development 
and dissemination of biomass 
energy technologies

Collaborates with stake-
holders to grow and sustain 
tree cover, contributing to 
carbon sequestration

Encourages efficient use of 
land resources to minimize 
competition between bio-
mass energy and forestry 

Promotes the use of 
biogas as alternatives 
to fuel oil (page 33)

(Forest Con-
servation and 
Management 
Act 2016)

Supports sustainable management 
and use of forest resources, in-
cluding biomass energy production 
(section 5)

Manages indigenous forests 
and woodlands on a sus-
tainable basis for carbon 
sequestration (section 5)

Encourages community 
participation in forest 
conservation, promoting 
sustainable land use 
(section 49)

Facilitates the devel-
opment of forest-based 
industries, potentially 
including biobased 
materials (section 49)

(Climate Smart 
Agriculture  
Strategy 2017)

Encourages the use of agricultural 
waste for biogas and biofertilizer 
production (page 82)

Promotes agroforestry and 
conservation agriculture 
to enhance carbon sinks 
(page 85)

Implement practices like 
conservation tillage and 
crop diversification to 
improve land productivity 
(page 80)

Supports the develop-
ment of value chains 
for biobased products 
from agricultural resi-
dues (page 93)

(National Solid 
Waste Manage-
ment Policy 
2021) 

Promotes conversion of organic 
waste into energy, such as biogas 
and refuse-derived fuel (page 14)

Encourages waste segrega-
tion and valorization, con-
tributing to carbon emission 
reductions (page 16)

Supports sustainable 
waste management prac-
tices that enhance soil 
fertility (page 15)

Advocates for circular 
economic approaches, 
utilizing waste for 
biobased material pro-
duction (page 24)

(Kenya Vision 
2030 2007)

Identifies renewable energy and 
green growth as economic pillars, 
promoting biomass energy (page 8)

Aims to increase forest cov-
er and rehabilitate degraded 
lands, enhancing carbon 
sequestration (page 19)

Encourages sustainable 
land management practic-
es to improve agricultural 
productivity (page 19)

Supports the develop-
ment of green/Agro-
processing industries, 
including biobased 
materials (page 14)

makes use of former coal mining sites as hubs for biobased inno-
vation (Biooekonomierevier 2025). 

Policies and development plans should aim at raising aware-
ness of innovative biobased technologies among key stake-
holders, which is still lacking in regions such as sub-Saha-
ran Africa and South-East Asia (Bößner et al. 2023). Besides 
information campaigns, policies to implement pilot projects 
that facilitate peer-to-peer learning at the community level 
could strengthen the adoption of biobased technologies. 
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In regions such as Asia and sub-Saharan Africa, tackling land 
rights and tenure issues would help the scaling of biobased mit-
igation and adaptation options. In the same vein, policies that 
facilitate the founding of cooperatives and other mechanisms to 
pool the supply of sustainable biomass might help to scale inno-
vative biobased mitigation and adaptation options (Gomez San 
Juan et al. 2022a). Since the level playing field between biobased 
and fossil fuel-based technologies and materials remains unfa-
vourably biased towards the latter, dedicated support policies 
for biobased products, technologies and practices are needed. 
As an example, Brazil offers a minimum floor price for a certain 
number of sustainably sourced bio-products, should the market 
price fall below a certain threshold, to guarantee income for 
local communities even when prices fall (Silva et al. 2022; Mas-
carenhas et al. 2025). Similarly, tax breaks for new technologies 
or insurance policies that provide a safety net when users switch 
from one technology or practice to another could help scale 
bioeconomy technologies and practices. 

Lastly, integrating comprehensive sustainability assessments 
into bioeconomy policies and regulatory frameworks is essen-
tial to ensure that environmental, social and economic impacts 
are considered. These assessments can help identify potential 
challenges, such as land degradation or food insecurity, and 
therefore guide more informed and equitable decision-mak-
ing. Monitoring, Evaluation and Learning (MEL) protocols, 
including life cycle assessment and other methods, can sup-
port improved policy design for moving towards best practice 
(Lago-Olveira et al. 2024). These approaches also strengthen 
transparency and accountability, which are critical for gaining 
public trust and fostering long-term policy effectiveness. 

While policy and regulatory reforms can unlock biobased mit-
igation potential, their lasting success depends on the ability of 
these systems to withstand increasingly volatile climate condi-
tions. This calls for an integrated vision that embeds risk man-
agement, resilience and biodiversity into bioeconomy strategies, 
ensuring mitigation gains are protected and biobased innova-
tions also deliver strong adaptation and socioeconomic benefits.

5.3 THE CO-BENEFITS OF RISK MANAGEMENT, 
ADAPTATION AND SUSTAINABLE DEVELOPMENT
Building on these policy and regulatory foundations, it is equal-
ly important to address the risks and vulnerabilities facing the 
bioeconomy, ensuring that mitigation efforts are reinforced by 
adaptation measures and co-benefits that enhance ecosystem 
and community resilience. The basic policy and regulatory 
frameworks outlined above have tended to emphasize miti-
gation and connections to selected key SDGs. However, the 
climate sensitivity and site-specific nature of biobased tech-

nologies suggest the need to view them within the context of 
the growing frequency and intensity of climate impacts, both 
observed and projected. Effective adaptation also depends on 
governance mechanisms that align policies across sectors and 
levels of government, ensure adequate financing and integrate 
scientific and local knowledge into decision-making. Innova-
tive adaptation technologies and practices are needed in tandem 
with ongoing mitigation efforts (European Environment Agen-
cy 2024; IPCC 2022c). Climate adaptation requirements in the 
context of the bioeconomy are particularly great considering the 
growing pressures facing ecosystems due to rapidly increasing 
risks from wildfires, droughts, floods, invasive species and pest 
outbreaks. Climate adaptation innovation will therefore play a 
critical role in ensuring that the bioeconomy can withstand both 
shocks from extreme climate events and dangerous slow-onset 
changes. Improving soil health is a key example of how integrat-
ed climate action can deliver both adaptation and mitigation 
benefits. Healthier soils enhance water retention, reduce erosion 
and increase resilience to drought, floods and wildfires, while 
also supporting land-based carbon removal. This makes soil res-
toration a high-impact strategy for building a climate-resilient 
and sustainable bioeconomy (Gomez San Juan et al. 2022a; Lal 
2011). Adaptation technologies include remote sensing systems 
for wildfire risk monitoring, artificial intelligence-based ear-
ly-warning tools to detect crop stress, climate-resilient crop vari-
eties resistant to drought and pests, precision irrigation systems 
and digital surveillance platforms for integrated pest and disease 
management (WEF 2024a; Zhu et al. 2011). At the same time, 
the development of a sustainable bioeconomy for the purpose of 
climate mitigation and land-based carbon removal can deliver 
adaptation co-benefits, such as through ecosystem restoration, 
sustainable forest management and improved soil health and 
enhanced water catchment (Gomez San Juan et al. 2022b). Such 
measures have been shown to reduce climate-related losses, 
safeguard livelihoods and maintain critical ecosystem services, 
thereby delivering tangible social and economic returns (Hurl-
bert et al. 2019 ; World Economic Forum 2020).

The need for an integrated approach to harmonize climate 
mitigation, biodiversity and adaptation objectives is, however, 
particularly warranted at the level of policy. Integrating cli-
mate adaptation and mitigation objectives into bioeconomy 
policies remains a governance challenge, partly because ad-
aptation has historically received far less attention and invest-
ment than mitigation (Richmond et al. 2020). This challenge 
is compounded by the fact that adaptation and mitigation 
policies are often developed in sectoral silos, leading to frag-
mented planning, limited coordination and missed oppor-
tunities for leveraging synergies across land use, agriculture, 
forestry and biodiversity policy domains (Kappe et al. 2025). 
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To put this in numbers, of the national planning instruments 
communicated by countries by 2023, the nearly two hun-
dred national parties to the UNFCCC and UNCBD, only two 
NAPs, eight NBSAPs and nine Biodiversity National Reports 
explicitly referenced bioeconomy solutions, while 23 National 
UNFCCC Reports and Communications did so (FAO 2023). 

The failure to design and implement effective policies to en-
hance the resilience of our ecosystems can result in irrevo-
cable changes caused by climate change. These changes can 
undermine the critical role of the bioeconomy in overcoming 
sustainability challenges by compromising the wide range of 
ecosystem services upon which we rely on for biomass produc-
tion, carbon sink, food security and biodiversity conservation 
(IPCC 2023; Pilling and Bélanger 2019). Indeed, the escalating 
economic and societal costs from climate-related disasters, a 
growing expression of climate-induced loss and damage, have 
underscored the urgency for governments and companies to 
address this persistent gap in climate policy. As noted in the 
examples given in Table 1 of selected commitments from six 
national bioeconomy strategies, there is potential for deeper 
integration and sustainable development synergies across ad-
aptation, mitigation and biodiversity (FAO 2023).

In Asia, the high vulnerability to climate change makes it 
essential that bioeconomy developments address adaptation 
and risk management alongside mitigation and Sustainable 
Development Goals (World Meteorological Organization 
2024). This is increasingly reflected in national governance 
frameworks such as adaptation and sectoral strategies. The 
cases of China and India have disproportionate importance 
due to their significance in global markets and in technological 
development. In terms of land and biomass management, ag-
ricultural and forest sector policies and strategies reflect con-
sideration for both longer-term resilience as well as promoting 
near-term shifts to best practices. In the NAS towards 2035 
produced by China, the government promotes climate-resil-
ient agriculture, enhanced early-warning systems for forests 
and grasslands, pest and disease control and ecosystem-based 
adaptation in terrestrial and marine environments, supported 
by targeted investments and institutional coordination (Min-
istry of Ecology and Environment of the People’s Republic of 
China 2022). In fact, there has been a long record of policies 
and regulations supporting afforestation and reforestation in 
China, in recognition of its multiple benefits for carbon se-
questration and ecological resilience (Mal et al. 2024).

India has integrated adaptation into national and state-lev-
el bioeconomy policies, including its BioE3 policy and the 
NICRA programme (Government of India 2021; IndiaBiosci-

ence 2025; Manju Prem et al. 2024), which focus on climate-re-
silient crops, climate-smart farming and technology demon-
stration projects, while subnational plans such as that produced 
by the city of Chandigarh link bioeconomy measures to water 
conservation and forest management (Chandigarh Union Ter-
ritory Administration and ENVIS Centre Chandigarh 2022). 
However, implementation faces persistent hurdles. In China, 
local growth priorities and fragmented governance can dilute 
adaptation measures and nature-based solutions remain un-
derdeveloped (Zhang et al. 2020; Yu and Mu 2023). In India, 
limited funding, skill gaps and weak coordination hamper 
progress (Ather and Madan Gopal 2024) biomanufacturing, 
bio-based solutions, and biopharma. The government’s Bio-E3 
(Biotechnology for Economy, Environment and Employment. 
Closing these gaps through stronger policy coherence, measur-
able indicators and scaled investment in nature-based solutions 
will be critical for bioeconomy strategies to both advance cli-
mate goals and increase socioeconomic resilience.

The European Union has advanced bioeconomy development 
through policies linking climate mitigation, adaptation and 
biodiversity objectives. Its 2018 Bioeconomy Strategy calls for 
leveraging co-benefits between mitigation and adaptation while 
managing trade-offs (European Commission 2018). Climate ad-
aptation in the bioeconomy is supported by instruments such as 
the Common Agricultural Policy (CAP) 2023–2025, which pro-
motes climate-resilient farming practices through eco-schemes 
and funds rural infrastructure to improve resilience (European 
Union 2021; European Commission 2025a). A major milestone 
is the Nature Restoration Law, which transforms biodiversity 
and forestry targets into legally binding commitments that also 
enhance carbon sink capacity. Targets include restoring 30 per 
cent of degraded habitats by 2030 (90 per cent by 2050), re-es-
tablishing 25 000 km of free-flowing rivers, rewetting 30 per cent 
of drained peatlands, and planting three billion trees. These mea-
sures strengthen ecosystem resilience, protect biodiversity and 
boost natural carbon sequestration, delivering adaptation gains 
while advancing mitigation goals. The law requires member states 
to produce National Restoration Plans by 2026, standardized 
monitoring and regular reporting, and aligns with the CAP, the 
European Union Biodiversity Strategy, Green Deal, Climate Law 
and Water Framework Directive for policy coherence. However, 
progress has been uneven across Member States, and implemen-
tation of adaptation measures in the bioeconomy has often been 
constrained by fragmented governance and a historical emphasis 
on mitigation; the Nature Restoration Law seeks to address these 
gaps by creating binding obligations and a unified framework for 
ecosystem resilience. Together with the revised European Bioeco-
nomy Strategy and the 2025 European Union Vision on Agricul-
ture and Food, the European Union has placed the bioeconomy 
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at the heart of building sustainable, climate-resilient systems that 
restore nature and maintain vital carbon sinks.

In Africa, the continent’s bioeconomy potential is closely tied to 
its rich natural capital, yet it faces some of the highest climate 
vulnerabilities globally (IPCC 2023). Many African countries 
integrate adaptation into bioeconomy measures through NAPs 
and NDCs, supporting agroforestry, rangeland restoration and 
sustainable forest management. These approaches protect bio-
diversity, enhance carbon sinks and improve food and water se-
curity. Regional frameworks, such as the African Union Climate 
Change Strategy and the Great Green Wall Initiative, link large-
scale land restoration with livelihoods and resilience (African 
Union 2024). In the East African Community (EAC), the EAC 
Regional Bioeconomy Strategy (See Appendix 2, Box 4) envi-
sions a climate-resilient bioeconomy but faces a variety of barri-
ers including fragmented policy integration, insufficient climate 
finance, institutional weaknesses, poor coordination, data and 
monitoring gaps, and limited infrastructure and technical ca-
pacity (Campbell and Hope 2025; EASTECO 2022). These con-
straints slow the implementation of biobased technologies and 
limit the scaling of technologies such as drought-tolerant crops, 
resilient biorefineries and circular bioresource systems. Strength-
ening governance coherence, bridging finance gaps, improving 
climate data systems and investing in capacity-building will be 
essential to realize the adaptation, mitigation and socioeconomic 
benefits of the bioeconomy in Africa while building resilience to 
intensifying climate extremes (UNEP 2023; Virgin et al. 2024).

Collaborations that transcend both national and sectoral borders 
are vital to harness the synergies between mitigation, adaptation 
and biodiversity objectives (United Nations Environment Man-
agement Group 2025). However, such collaborations must em-
bed justice and equity dimensions, as outlined in Chapter 3, at the 
heart of efforts to ensure that the measures address the unequal 
burden from climate impact on the bioeconomy across countries 
and communities. The Pan-Amazonian Network for Bioecono-
my, launched at the COP16 on Biodiversity in Colombia, is a good 
case in point (AMZBio, n.d.). This multi-sectoral alliance brings 
together local producers and associations, indigenous communi-
ties, impact investors, financial institutions, research institutes and 
civil society, with the aim of supporting economic development in 
alignment with environmental stewardship and social equity. In 
particular, the network works on developing an integrated knowl-
edge base, creating a collaborative platform and strengthening ac-
cess to finance, in concert, to support sustainable forest-related 
business models to replace activities that lead to deforestation, 
thereby contributing to both ecosystem and community resilience 
in the face of climate change (WEF 2023).

5.4  MULTILEVEL GOVERNANCE AND 
INTERNATIONAL COOPERATION 
Governance of the use of bio-resources and of biobased tech-
nologies requires an inclusive approach that considers the range 
of bioeconomy visions held by stakeholders (Bugge 2016). In-
ternational cooperation has emerged in a variety of forms to 
support the implementation of these strategies and to establish 
common platforms for sharing lessons on policy and gover-
nance. Good governance draws on consultations with a wide 
variety of stakeholders and helps ensure that opportunities and 
trade-offs, especially those that have not been foreseen, are ad-
equately assessed and accounted for (Gomez San Juan 2024). 
The need to facilitate bio-resource availability across different 
sectors, applications and technologies means that bioeconomy 
policies and regulations often have to contend with multilevel 
coordination and governance, ranging from local to global, in 
order for markets to expand and develop (Johnson et al. 2025).

Broadly speaking, four types of governance for international 
cooperation can be identified: 
•	 market and economic (Jordan et al. 2003)
•	 knowledge-based (van Buuren and Eshuis 2010)
•	 informational (Jordan et al. 2003)
•	 commitment and agenda-setting (Widerberg et al. 2016)

Market and economic governance mechanisms involve steering 
society by shifting markets towards more sustainable technolo-
gies. A prominent example is the EU ETS which, by being tech-
nology neutral, allows the market to identify and adopt the most 
effective solutions for reducing emissions. It is possible to differ-
entiate between knowledge governance and informational gov-
ernance in that while the former focuses on research, innovation 
and development, the latter focuses on standard setting, mon-
itoring and verification (Bößner et al. 2021). The commitment 
and agenda-setting governance category particularly characteriz-
es international regimes such as the United Nations conventions. 

As shown in Table 5.4, different international institutions and 
governance approaches have different strengths and weakness-
es in advancing biobased technologies. International trade can 
support related technology transfer across some of these plat-
forms and institutions, to accelerate technology adoption in line 
with UNFCCC principles and Paris implementation mecha-
nisms (Souza 2025). At the same time, safeguards, sustainability 
monitoring and bilateral cooperation mechanisms are needed 
to ensure that biomass exporting countries do not face negative 
social and environmental impacts from unsustainable practices. 
Biobased technologies require integration between adaptation 
and mitigation aims and calls for transparent governance across a 
wide range of stakeholders for successful technology deployment 
to maximize benefits and manage trade-offs (Babiker et al. 2022).
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Institution/Organization
Existing structures in place relevant to the 
bioeconomy 

Key potential role in international 
governance

Shortcomings and challenges

Economic and market governance

World Trade Organization 
(WTO)

No specific strategies, but have mandate and 
authority to play important role in economic and 
market governance 

Harmonization of trade rules for biomass 
and bioproducts; address un-enforced 
environmental regulations 

Impacts of free trade on food security; 
decreasing appetite for multilateralism

Organisation for Economic 
Cooperation and 
Development (OECD)

Among first transnational bioeconomy/biotech-
nology strategies; IEA evaluations of bioeconomy 
policies/technologies

Policy recommendations that can serve as 
international standards 

Limited membership; limited account-
ability

United Nations Conference 
on Trade and Development 
(UNCTAD)

Biofuel initiatives, promotion of circular/bio- 
economy

Credibility and neutrality in supporting 
diverse perspectives; memorandum of under-
standing linking UNCTAD with WTO could 
support global trade in biobased products

Bureaucracy and difficulty with finan-
cial support can hinder progress

G20
Increasing focus and priority on bioeconomy and cir-
cular economy. The G20 Initiative on Bioeconomy is 
an intergovernmental body created in December 2023

Potential to act as a critical mass in driving 
and scaling biobased technologies, conven-
ing and coalition-building capacity

No binding mandate or authority for 
operational decisions

Knowledge governance

Biofuture Platform 
Intergovernmental body promoting international 
collaboration and dialogue on bioeconomy issues

Includes important bioeconomy actors and/
or biofuel producers (Brazil, Indonesia) 

Tends to focus on biofuels rather than 
broader bioeconomy; dependence on 
each country’s capacity to engage

Food and Agriculture 
Organization (FAO) 

Bioeconomy established as a strategic priority for 
FAO for the 2022-2031 period. Work dedicated 
to bioeconomy since 2015. Received a mandate 
from Members in 2024 to develop Global Part-
nership on Bioeconomy for Sustainable Food and 
Agriculture

Provision of key metrics, guidelines and 
elements for strategy and implementa-
tion. Neutral convening capacity, e.g. 
as potential future facilitator of Global 
Partnership on Bioeconomy for Sustain-
able Food and Agriculture. Unique role in 
capacity for sustainable intensification for 
biomass production and use

Work programme is extremely 
ambitious and needs more capacity 
and financial support. Institutional 
mandated focuses on agrifood systems, 
requiring collaboration also with 
non-agrifood system actors to cover the 
full breadth of bioeconomy

United Nations  
Environment  
Programme (UNEP) 

UNEP “green economy” programme; green 
growth knowledge platform; Environment and 
Trade Hub 

Unique role in capacity for linking 
biodiversity/ecosystems to climate and 
bioeconomy

Broad and complex mandate of UNEP 
can complicate progress

World Intellectual Property 
Organization (WIPO)

WIPO Green marketplace as a database and 
means of stakeholder engagement on biobased 
technologies 

Agreements on patents and intellectual 
property rights (IPRs); WIPO Treaty ad-
opted 2024 on interface between IP and 
genetic resources

Intellectual property rights may have a 
negative impact on technology transfers 
to less industrialized (or low-income) 
countries 

International Bioeconomy 
Forum (IBF)

Guides international cooperation for sustainable 
bioeconomy, with a focus on research and innovation 

Strong basis for knowledge governance 
role, especially within the European Union

somewhat limited in membership, 
towards OECD countries

World Bioeconomy Forum 
(WBF)

Private sector platform for exchange on bioecon-
omy/technology

Could help to mobilize finance and pub-
lic-private cooperation

Relationships with other bioeconomy 
platforms not always clear

International Advisory 
Council for the Global 
Bioeconomy (IACGB)

Convening advisory platform of about forty 
high-level bioeconomy leaders and experts from 
around the world from policy, science, civil society 
and business sectors.

Produces key reports and dialogues; 
Initiates, designs and organizes the Global 
Bioeconomy Summit, a key global confer-
ence and platform for exchange.

Broad mandate alongside dual role of 
many members in advising their own 
national governments as well as serving 
on IACGB can impact effectiveness.

Information governance
Roundtable on Sustainable 
Biomaterials (RSB)

Organizes working groups, issues sustainability 
certificates and provides tools

Fills the gap in providing standardization for 
sustainable bioeconomy and bio-resource use

Overlaps with other standards used by 
the international community 

Global Bioenergy 
Partnership (GBEP)

Convenes a wide range of members including national 
governments and international organizations, focusing 
on sustainable bioenergy. Relevant stakeholders, 
including major bioenergy producers are involved in 
GBEP dialogues. Published sustainability indicators 
for bioenergy already in 2011. Currently discussing 
the use of these indicators to assess the sustainability 
of bioenergy in the context of the wider bioeconomy

Established to reflect a 2005 G8 man-
date. FAO has led the GBEP Secretariat 
since its establishment in 2006. Strong 
linkages to G7 and G20 could be useful 
for international governance

Limited membership could be barrier 
to universal acceptance; focus on 
bioenergy and biofuels does not easily 
cover key non-energy elements of 
bioeconomy

International Organization 
for Standardization (ISO) 

Standards for environmental management sys-
tems, GHG accounting systems, etc.

Potential for standards to promote best 
practice bioeconomy/technology; generally 
compatible with WTO

May favour higher-income nations; 
standards need to be “translated” into 
detailed, enforceable legislation by 
national legislators 

Commitment and agenda-setting

Convention on Biological 
Diversity (CBD)

Cartagena Protocol (CP); Nagoya Protocol (NP); 
Kunming-Montreal Agreement

Voluntary guidelines for design and effec-
tive implementation of ecosystem-based 
approaches to climate adaptation and 
disaster risk reduction can support sustain-
able bioeconomy strategies

Bureaucracy that might delay new 
biobased product development; 
potential conflicts with technology 
development (e.g. genetically modified 
organisms)

United Nations Convention 
to Combat Desertification 
(UNCCD)

Touches on variety of land issues relevant to bio-
economy, especially land degradation; G20-UNCCD 
collaboration

Potential to provide governance frame-
works for key land use issues linked with 
bioeconomy/technology and bio-resources

 Difficulties in achieving objectives 
due to diffuse and diverse land use 
governance issues, which can impede 
or advance the bioeconomy

United Nations Framework 
Convention on Climate 
Change (UNFCCC)

Climate-related mitigation measures e.g. renew-
able energy, afforestation etc have strong linkages 
with bioeconomy concepts; REDD+ initiative 
connects to the bioeconomy

Potential to utilize UNFCCC as a more 
direct forum to advance biobased tech-
nologies and find synergies with climate 
goals and targets

Scope of the Convention’s mandate 
can complicate cross-sectoral approach 
of the bioeconomy

Table 5.4 Bioeconomy governance characteristics of selected international institutions and/or organizations (Adapted from: Bößner et al. 2021)
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Governance of the bioeconomy is not easily analysed on the 
basis of climate goals but is more likely to be broken down 
either on the basis of the aforementioned bioeconomy visions 
(biotechnology, bio-resources, bio-ecology; see introduction 
to this chapter) or in relation to sectoral management (agri-
culture, forestry, energy, livestock, etc.). However, it is useful 
to consider the case of biobased CDR, considering its linkages 
to adaptation and bioeconomy development more general-
ly as well as mitigation. The emerging market for biobased 
carbon removal includes both nature-based solutions and so-
called “durable CDR,” which refers to more technology-based 
solutions that cannot easily be reversed by changes in policy 
or natural events such as wildfires (Streck et al. 2025). The 
growth of the durable CDR market in recent years and its 
dominance by a few key corporate actors underscores the dis-
tinction and its effects on market governance (see Chapter 4). 
At the same time, nature-based solutions may have significant 
contributions to make towards biodiversity and other SDGs.

Turning from international or regional levels to more local 
levels, the sustainable scaling of biomass-based CDR calls for 
feedstock sourcing that protects land rights and biodiversity, 
and does not contribute to deforestation, which can involve 
landscape governance across jurisdictions (Diaz-Chavez and 
van Dam 2020). Inclusive governance models that recognize 
the differing visions of stakeholders (see introduction to this 
Chapter) and promote direct engagement have a greater chance 
of succeeding in advancing biobased technologies (Johnson 
et al. 2022). Inclusive governance models are particularly im-
portant in protecting the rights of IPLCs but can go much fur-
ther in recognizing their role as stewards of bio-resources and 
biotechnology, with respect to carbon, biodiversity and resil-
ience (Astolfi et al. 2025). Harnessing biodiversity sustainably 
calls for certain key principles: (1) empowerment of IPLCs; (2) 
diversifying and differentiating local bioeconomies for greater 
added value; (3) combining local-empirical and techno-scien-
tific knowledge; (4) ensuring digital access and standardization 
to leverage natural capital (Johnson et al. 2024). 

These principles connecting to local communities and stew-
ardship are found to some extent across the Rio Conventions 
and Protocols and support the bottom-up development of the 
bioeconomy. Although it has no formal relation to the Rio 
Conventions, the bioeconomy has linkages across of them, 
particularly in terms of biobased and land-based measures and 
technologies. In addition to the obvious linkages with UNFC-
CC principles, the sustainable use of biodiversity and the resto-
ration of degraded lands connect biobased technologies to the 
UNCBD and UNCCD. Among other international institutions 

concerned with governance of the bioeconomy, one key leader-
ship institution is the IACGB, which conducts expert meetings, 
produces key reports and serves as the scientific committee for 
the Global Bioeconomy Summit (GBS), most recently held in 
Nairobi in October 2024 (Global Bioeconomy Summit, 2024). 
As shown in Table 5.4, many other international platforms and 
institutions are engaged in governance of the bioeconomy with 
different aims and structures (Bößner et al. 2021). 

Digitalization offers new opportunities and also raises a variety 
of governance issues and challenges for small-scale actors. Rap-
idly expanding access to large databases, new applications for 
artificial intelligence and the digitalization of key biophysical 
and bio-economic data can facilitate the rapid advancement of 
biobased climate solutions. The digital economy, which is in-
creasingly linked to the development of biobased markets and 
systems, has significant implications with respect to appropriate 
policies, regulations and governance (Pyka 2017). The transi-
tion from agriculture-based digital economy to a digital bio-
economy involves overcoming social and institutional barriers 
as well as technical and economic constraints (Eastwood et al. 
2023). Crops which are key to the development of the bioeco-
nomy such as cassava (see Appendix 2, Box 5) have innovation 
platforms that can be further extended through enhanced ac-
cess to digital technologies. More generally, the shift from fossil 
fuel-based economies to renewable-based economies involves 
managing both the opportunities and the risks associated with 
regulation and governance of digital technologies (United Na-
tions Environment Programme, n.d.).

Despite considerable progress over the ten years since the first 
GBS was held, global governance on the bioeconomy remains 
somewhat fragmented. Countries are therefore looking for 
greater coherence and international cooperation, calling for

�“A multi-stakeholder global bioeconomy partnership for 
sustainable agrifood systems to serve as a catalyst for the 
development of policies, strategies, and plans, building 
capacities, knowledge systems, and incentives at global, 
regional, national, subnational and local levels” (FAO 
2024c and FAO 2024d).

Drawing on an inclusive consultation process, FAO is facili-
tating the development of a proposal for such a partnership 
(GFFA 2025). Anchoring biobased technologies alongside 
agrifood system development in such partnerships helps to 
ensure that food security is enhanced (see Appendix 2, Box 6). 
This global momentum is also evident in the G20 Bioeconomy 
Initiative, launched under the presidency of Brazil in 2024 
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and carried forward under the presidency of South Africa in 
2025, as well as the 2024 GBS Communiqué (IACGB 2024b), 
signalling a clear commitment towards structured, multilat-
eral engagement.

One key governance issue for such multilateral cooperation 
is safeguarding the sustainability of a growing bioeconomy, 
since additional demands for biomass will put additional en-
vironmental pressures on natural resources (land, water and 
biodiversity). Sustainability frameworks, such as the FAO As-
pirational Principles and Criteria for a Sustainable Bioecono-
my (FAO 2021) as well as broader multilateral statements such 
as the G20 High-Level Principles on Bioeconomy (G20 2024), 
facilitate improved articulation and management of conflict-
ing demands and trade-offs. Robust monitoring approaches 
underpinned by sound indicators and data are fundamental 
to assess the effectiveness of individual bioeconomy initiatives 
and to generate a strong evidence base that can help strength-
en political commitment (e.g. through improved representa-
tion of biobased technologies within NDCs and attract great-
er investment in sustainable bioeconomy activities at scale) 
(Bracco et al. 2019; FAO 2025).

5.5 CONCLUSIONS 
Policies, regulations and governance for the bioeconomy and/
or biobased technologies exhibit considerable diversity and 
cover all levels from local to global. Some examples from na-
tional and subnational perspectives reveal that certain coun-
tries are acting as regional leaders and could serve as catalysts 
for regional and global efforts and upscaling. The differing 
visions among bioeconomy stakeholders (biotechnology, 
bio-ecology, bio-resources) affect the design of governance 
mechanisms and the capacity to reach consensus, as well as 
highlighting the fact that bioeconomy strategies and policies 
need to recognize local and national priorities and capacities. 
Despite and perhaps because of this heterogeneity, a wide array 
of international institutions and cooperation platforms have 
emerged, especially during the past decade or so, in recogni-
tion of the importance of enhancing capacity on bioeconomy 
strategy implementation and wider deployment of biobased 
technologies. This diversity of institutions has provided a test-
ing field from which new initiatives can be formed to consol-
idate and strengthen bioeconomy governance. Future efforts 
through G20, FAO and other global platforms can comple-
ment national and subnational programmes and strategies by 
enhancing transnational technology learning and exchange.

Photo: Pixabay



64

CHAPTER HIGHLIGHTS

•	 The bioeconomy in Latin America and the Caribbean follows diverse, context-specific 
pathways, shaped by the region’s unique socio-ecological conditions. 

•	 Latin America and the Caribbean hold exceptional potential for bioeconomic innovation, 
driven by rich biodiversity, diverse ecosystems, and strong agricultural systems. However, 
uneven institutional, infrastructural, and governance capacities across countries pose 
challenges to scaling innovation. Unlocking this potential requires targeted investments 
and support to foster inclusive, sustainable, and innovation-led bioeconomic transitions. 

 
•	 Sectors in the bioeconomy, such as agriculture, forestry, fisheries, and biotechnology, 

form a strategic nexus between economic growth, sustainable development, and climate 
action. These sectors contribute meaningfully to Nationally Determined Contributions 
(NDCs) and other national climate plans, yet their integration into formal climate policies 
across Latin America and the Caribbean remains inconsistent and fragmented.  

 
•	 Strengthening the link between bioeconomy strategies and NDC frameworks is essential 

to fully harness synergies between climate mitigation, adaptation, and sustainable 
production systems. A more systematic approach will enhance the region’s capacity 
to deliver on climate goals while advancing inclusive and resilient bioeconomic 
development. 

 
•	 Social inclusion is fundamental to building a just and resilient bioeconomy. Pursuing 

bioeconomic opportunities without recognizing indigenous rights, cultural heritage, 
and local livelihoods risks reinforcing existing inequalities. By contrast, pathways 
that integrate the knowledge and contributions of indigenous and local communities 
enhance legitimacy, strengthen socio-ecological resilience, and ensure that bioeconomic 
transitions are both ecologically sustainable and socially just. 

•	 Regional cooperation and policy coherence are critical to aligning the region’s ecological 
potential with inclusive and sustainable socio-economic outcomes.
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6.1 INTRODUCTION 
The Latin America and the Caribbean region uniquely combines 
ecological richness with development challenges, positioning 
the region to become a leader in bioeconomy innovation and 
low-carbon, climate-resilient transitions. The bioeconomy in 
LAC encompasses diverse activities that contribute to climate 
change adaptation and mitigation, sustainable development and 
improved local livelihoods. These efforts present strategic oppor-
tunities to integrate bioeconomy initiatives, including biobased 
technologies, into national climate plans, reinforcing the role of 
LAC in global climate action while promoting inclusive growth.

To fully harness the transformative potential of the bioecono-
my in addressing social inequality and ecological degradation, 
strategies must be inclusive and locally adapted. Tailored ap-
proaches can unlock the region’s unique strengths and diverse 
opportunities, fostering more inclusive and effective outcomes. 
This includes aligning ecological integrity with socioeconomic 
aspirations and building on existing advancements, which again 
require enabling policy frameworks that foster innovation, equi-
ty and climate resilience on various scales (Lewandowski 2018; 
Sillanpää and Ncibi 2017; Gonzalez and Sanchez 2023).

LAC is home to over 40 per cent of global biodiversity (IPBES 
2018), concentrated in ecosystems including the Amazon ba-
sin, the arid zones of Mexico, the savannas of Brazil, and the 
Andean páramo (Brassiolo et al. 2023; Sasson and Malpica 
2018; Bergamo et al. 2022; Espinosa and Rivera, 2016). The 
region’s biological resources, such as lignocellulosic biomass, 
tropical fruits, medicinal plants, aquatic biomass and ecosys-
tem services such as carbon sequestration, water regulation 
and cultural preservation are foundational to its bioeconomy.

The ecological complexity of LAC also underpins distinct pat-
terns of economic specialization across its industrial sectors, of-
fering diverse entry points for bioeconomy contributions. Argen-
tina and Brazil have developed large-scale production systems 
for soybean and sugarcane, supporting global biofuel markets 
(Sillanpää and Ncibi 2017; Islam and Hossen 2025). In contrast, 
Andean and Central American countries maintain smallhold-
er-led agroforestry and shade-grown coffee systems that sustain 
biodiversity and rural livelihoods. Chile has invested in sustain-
ably managed forest plantations that integrate wood production 
with ecosystem stewardship (Balocchi et al. 2023). Ecuador and 
Peru operate robust fisheries and aquaculture sectors, leveraging 
nutrient-rich coastal upwelling zones (Sasson and Malpica 2018). 

Recognizing and managing these bio-assets is essential for inte-
grating LAC into global bioeconomy and trade systems (Olmos 
and Mulder 2024). Biodiversity, forests, agricultural biomass 
and marine resources are vital for livelihoods, industrial de-

velopment and the transition to low-carbon economies (Cali-
cioglu and Bogdanski 2021). The transition pathways in LAC 
are deeply rooted in local socioecological systems, featuring 
innovations such as sustainable agriculture, circular biobased 
products, nature-based solutions (NbS) and indigenous-led 
value chains. Notable examples include the community forest-
ry in Peru (Capello et al. 2022; Christmann et al. 2025), the 
bioproduct clusters in Colombia (Van Hoof et al. 2023; Henry 
et al. 2018), and the RenovaBio and Combustível do Futuro 
programmes in Brazil promoting low-carbon fuel certification.

Several LAC countries have already identified a role for biobased 
technologies and related strategies in their Nationally Deter-
mined Contributions. For example, Colombia includes bioeco-
nomy innovation clusters in its NDC (Colombia 2020), Uruguay 
highlights bioeconomy as a key strategy for sustainable develop-
ment, linking low-carbon production, innovation and circular 
resource use to climate goals (Uruguay 2024), Costa Rica posi-
tions bioeconomy and nature-based solutions as core strategies 
for achieving low-emission development, enhancing ecosystem 
resilience and promoting inclusive green growth (Costa Rica 
2022) and Peru highlights the bioeconomy as a pathway to pro-
mote low-carbon growth, biodiversity conservation and rural 
development, especially in Amazonian and Andean regions 
(Peru 2020). Expanding these linkages through measurable tar-
gets and reporting frameworks can help mainstream biobased 
technologies within national climate agendas and unlock inter-
national finance and technology transfer (Calicioglu and Bog-
danski 2021; Van Hoof et al. 2023). Biobased technologies often 
offer measurable contributions to both mitigation and adapta-
tion. One example of strong synergetic linkages in a country’s 
NDC is the Strengthened First NDC published by Chile in 2022. 
This includes a broad set of measures under its integrated miti-
gation and adaptation chapter, reflecting the country’s commit-
ment to synergistic climate action that links the reduction of 
emissions with building resilience (Chile 2022).

Recognizing these diverse systems, technologies and innovations, 
which range from climate-smart practices and forestry to waste-
to-resource approaches, as “climate technologies” under the UN-
FCCC framework not only highlights their mitigation and adap-
tation potential but also facilitates their integration into NDCs. 
Their explicit inclusion in NDCs strengthens national adaptation 
planning, aligns with responsible resource management strategies 
and opens pathways to international support mechanisms and fi-
nancing as elaborated upon in Chapter 4 of this report. 

This chapter provides a regional assessment focused on the 
LAC region, with particular attention to biobased technolo-
gies. As a region which is rich in biodiversity and biomass re-
sources, understanding the dynamics of technology develop-



Box 6.1: Statistical and geographical system for the evaluation of the energy potential of biomass 
resources in the countries of the Central American Integration System

Latin America has a wealth of biomass resources which are as yet unexploited and, in some cases, unaccounted for. The Central 

American Integration System (SICA) comprised of Belize, Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, Panama 

and the Dominican Republic, in conjunction with multiple partners, has supported the development and implementation of 

the Statistical and Geographical System for the Evaluation of the Energy Potential of Biomass Resources in the countries of 

the Central American Integration System.

The platform’s functionalities include indicating geographical zones of interest, what type of resource (classified as forest biomass, 

agriculture and agro-industrial residue, fishing residues, urban residues and energy crops), sustainability criteria (for example, 

location of Natural Protected Areas, areas with steepness greater than 10°), technologies for transformation (for example, trans-

forming raw material into heat, electricity and/or fuels), final users (current and potential bioenergy users), optimization (for 

example, optimizing the location of electric generation plants), simulations and personalized reports. These functionalities help 

tailor the calculations to specific needs, for example, using different types of residue based on where the nearest roads are, as 

well as existing electricity transmission and distribution lines. The tool enables calculations to be made in real time incorporating 

the specific parameters or needs of users. These functionalities thus enable considerations of climate change mitigation, climate 

change adaptation and sustainable development to be properly analysed and planned for.

The Economic Commission for Latin America and the Caribbean (ECLAC), together with the developers of the National Autono-

mous University of Mexico (UNAM) and its research institutes, have worked with actors in each member country, not only to deliver 

multiple training sessions to government officials and other actors but also to transfer the tool and enable governments to upload 

data and improve functionality to suit evolving needs. This has enabled governments to better plan and has remained a priority for 

SICA’s Council of Energy Ministers.

This tool has been used to create publications of biomass potential for several SICA member countries and has influenced the 

energy planning of the respective countries.						             Source: ECLAC website.
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ment and transfer in biobased solutions is essential to enhance 
and accelerate the implementation of climate technology. 

6.2 PROGRESS ON IMPLEMENTATION OF 
BIOBASED TECHNOLOGIES IN THE REGION

6.2.1 Key trends on implementation status

Biomass conversion technologies in Brazil and Argentina have 
made notable progress in second-generation bioethanol de-
rived from lignocellulosic feedstocks such as sugarcane bagasse, 
straw and forestry residues (Faria et al. 2024; Igwebuike et al. 
2024). Biomass conversion contributes to mitigation through 
substitution and sequestration. Biobased fuels and materials 
replace high-emission fossil-fuel derived alternatives, yielding 
substantial lifecycle reductions in GHGs (Dias et al. 2019). Fur-
thermore, improved management of agricultural residues and 
forest by-products enhances soil carbon retention and avoids 
methane emissions from unmanaged organic waste (Cherubini 
and Strømman 2011). The RenovaBio policy in Brazil promotes 
the expansion of biofuels to reduce carbon intensity in the trans-
portation sector (Brazil, Ministério de Minas e Energia 2021). 

It supports biobased technologies such as ethanol (from sug-
arcane and corn),  biodiesel (from soybean oil and animal 

fats),  biomethane (from organic waste) and emerging  biojet 
fuels. Producers voluntarily certify their biofuel production 
using the RenovaCalc tool, which applies life cycle analysis to 
determine carbon intensity and assigns an energy-environmen-
tal efficiency score. This score determines the number of CBI-
Os (decarbonization credits) a producer can issue, incentivizing 
low-carbon production. RenovaBio thus integrates environmen-
tal performance with market mechanisms to drive sustainable 
biofuel development. Mexico and Argentina implement biogas 
and composting systems for municipal organic waste, reducing 
methane emissions and replacing synthetic fertilizers. Agro-in-
dustrial residues are valorized for bioenergy and biomaterials, 
supporting circular economy goals. Both countries reference 
these actions in their NDCs as key strategies to reduce emissions 
and for energy security (Mexico 2022; Argentina 2021).

From an adaptation perspective, diversified bioenergy systems 
provide decentralized access to energy in rural and peri-ur-
ban areas, contributing to energy security, enhancing local 
economies and reducing vulnerability to the price volatility 
of fossil fuels. Additionally, anaerobic digestion processes 
produce digestate co-products that can serve as biofertilizers, 
enhancing nutrient cycling, soil health and crop productivity 
under climate stress (Möller and Müller 2012).
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Bio-CCUS technologies are increasingly being implemented 
and are embedded in national climate strategies across the 
LAC region, reflecting a convergence of nature-based and 
engineered approaches to carbon management. Prominent 
nature-based solutions include mangrove and wetland resto-
ration in Colombia and Panama, forest conservation in Peru, 
and silvopastoral systems in Mexico, which integrate woody 
perennials with pasturelands to enhance biomass carbon sinks 
while supporting biodiversity, rural livelihoods and land pro-
ductivity. Engineered solutions such as biochar, produced from 
pyrolysed agricultural residues, are gaining traction in coun-
tries like Brazil, where studies show its potential for soil carbon 
sequestration and emission reduction (Lefebvre et al. 2020). 
In  Colombia, the  National Bioeconomy Strategy  promotes 
agroecological models in coffee production that enhance car-
bon sequestration and climate resilience (Colombia, Ministério 
de Ciencia, Tecnología e Innovación 2020). Additionally, coun-
tries like Mexico and Brazil are exploring bioenergy with BEC-
CS and biomethane systems, supported by regional initiatives 
such as EUROCLIMA+ and national CCUS road maps, which 
aim to integrate Bio-CCUS into long-term decarbonization 
pathways (Hennig et al. 2023; EUROCLIMA+ 2022).

Sustainable agriculture and land-use technologies con-
stitute a critical component of climate strategies by offering 
co-benefits that span mitigation, adaptation, food security 
and biodiversity conservation (Smith et al. 2019; Altieri and 
Nicholls 2017; Vrabcová 2024). These biobased technolo-
gies are increasingly being promoted across countries such 
as Uruguay, Costa Rica and Cuba to transform agrifood sys-
tems towards resilience and sustainability while contributing 
to circularizing the economy (Lal 2020; Tittonell 2014). Their 
climate mitigation potential lies in reducing GHG emissions, 
particularly nitrous oxide from fertilizers and methane from 
livestock, while enhancing soil organic carbon stocks and wa-
ter retention capacity (Paustian et al. 2016). These biobased 
technologies also contribute to system-wide resilience, buff-
ering agricultural productivity against extreme climate events 
such as droughts, floods and temperature anomalies (How-
den et al. 2007). Importantly, biobased technologies within 
sustainable agriculture and land-use technologies are already 
reflected in the climate strategies of several LAC countries 
and are poised for scale-up. For example, the Strengthened 
First NDC from Costa Rica incorporates climate-smart ag-
riculture,  agroecological zoning and  watershed-based land 
planning as key pillars of its adaptation framework (Costa 

Rica 2022). Similarly, the third NDC developed by Uruguay 
commits to sustainable grazing practices and enhanced soil 
carbon monitoring in pastoral systems, linking agricultural 
transitions directly to national mitigation targets (Uruguay 
2024). These country-level commitments exemplify the in-
tegration of biobased technologies within the operational-
ization of the Paris Agreement, underscoring their relevance 
in shaping long-term sustainability pathways. Additionally, 
advanced monitoring systems, combining satellite-based 
measurement, reporting and verification (MRV), geospatial 
analytics and carbon accounting tools, are essential for track-
ing outcomes and ensuring transparency in implementation 
of these technologies (Harris et al. 2021). 

Biobased materials derived from agricultural residues, for-
estry waste, algae and crop by-products are emerging as a 
strategic technological domain within the LAC bioeconomy 
(Ashothaman 2023; Bertram et al. 2021). Recent initiatives 
in Colombia and Paraguay underscore the potential of bio-
degradable packaging and textile fibres sourced from starch- 
and cellulose-based bioplastics derived from agricultural 
waste streams such as banana peels, cassava and pineapple. 
These materials have demonstrated high biodegradability and 
functional properties suitable for food packaging (Coratchia 
et al. 2024; Ishara et al. 2024; Othman et al. 2020). Chile and 
Uruguay have taken the lead in sustainable forestry through 
certified plantations; cascading biomass use and ecosystem 
stewardship. For example, the CMPC Group in Chile trans-
forms forestry residues into advanced biobased products (Ba-
locchi et al. 2023; CMP 2023). These models enhance carbon 
sequestration, reduce pressure on native forests and provide 
renewable inputs for bioindustries. Uruguay includes sustain-
able forestry in its NDC, while Chile integrates forestry inno-
vation into its carbon neutrality road map.

From an adaptation perspective, biobased materials support 
income diversification in rural areas and strengthen resilience 
by embedding circular principles into local production systems 
(Proestou et al. 2025). This reduces dependency on imported 
synthetic inputs, mitigates price volatility and fosters commu-
nity-level innovation through inclusive and socially driven bio-
economy models (Bryden et al. 2017; Celik et al. 2023). Table 
6.1 provides examples of key advanced biobased technologies 
in LAC that contribute to climate change mitigation and/or ad-
aptation. 
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Technology area Technology Climate change aspect Examples References

Biomass conversion 
technologies

Sugarcane ethanol 
and biorefineries

Reduces GHG emissions 
and replaces fossil fuels 
in transport and power 
sectors

In Brazil, 2G ethanol plants reduce up 
to 80-90 % of CO2 emissions compared 
to gasoline. Bagasse cogeneration 
supplies ~3% of national electricity. In 
Costa Rica, Viogaz converts pineapple 
waste into bioenergy.

Matos et al. 2024; Liu 
et al. 2023; Coelho 
Junior et al. 2024; 
Chen et al. 2020

Bio-CCUS
Biochar for soil and 
carbon sequestra-
tion

Sequesters CO2 in soil 
and reduces the need 
for synthetic fertilizers

Biochar trials in Brazil, Argentina and 
Peru show 30–50% increases in soil 
carbon over three to five years, support-
ing sustainable intensification

Lefebvre et al. 2020; 
Vijay et al. 2021;Aqui-
je et al. 2021

Sustainable agricul-
ture and land-use 
technologies

Crops with no-till 
and precision 
agriculture, biofer-
tilizers

Improves soil health, 
reduces emissions 
and enhances climate 
resilience

In Argentina, genetically modified soy 
with no-tillage reduces GHG emissions 
by up to 50% compared to conventional 
practices. In Colombia, a sustainable 
yam biotech project increased yields by 
25% using local innovation

Pelekh et al. 2023; 
Villadiego-del Villar et 
al. 2021

Biobased materials
Bioplastics from 
agro-waste and nat-
ural compounds

Reduces fossil depen-
dency and supports bio-
degradable alternatives

In Mexico, Biofase produces 500 tons/
month of avocado seed bioplastics

BIOFASE 2023; Gá-
mez 2005

Table 6.1 Examples of climate-related biobased technologies in Latin America and the Caribbean

6.2.2 Synergies between biobased technologies and 
SDGs in the LAC region

Biobased technologies offer significant potential to advance 
multiple SDGs in the LAC region, reinforcing the integrated 
vision of the 2030 Agenda. In a region rich in biodiversity 
and biomass resources, these technologies can support SDG 
8 (Decent Work and Economic Growth) by fostering rural 
entrepreneurship, creating green jobs and revitalizing local 
economies, particularly in agricultural and forest-dependent 
communities, through sustainable value chains (D’Amato et 
al. 2019). Table 6.2 summarizes selected biobased technology 
initiatives across LAC, including their links to the SDGs.
Biobased technologies also contribute to SDG 9 (Industry, 
Innovation and Infrastructure) by enabling technological up-
grading and enhancing biomanufacturing capabilities, espe-
cially in emerging bioeconomy hubs such as Brazil, Colombia 
and Argentina. Localizing innovation and production systems 

can reduce dependency on imports and strengthen regional 
resilience (Asheim and Gertler 2009). 

In addressing SDG 12 (Responsible Consumption and Pro-
duction), biobased technologies promote circularity in bio-
mass use, reduce resource intensity and minimize waste, key 
concerns in LAC countries facing growing urbanization and 
waste management challenges. Moreover, they are central to 
SDG 13 (Climate Action), offering lifecycle greenhouse gas 
mitigation, carbon sequestration through sustainable land use 
and greater resilience to climate variability, which is particu-
larly critical for vulnerable ecosystems and communities in 
the region (Wesseler and von Braun 2017). 
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Table 6.2 Examples of biobased technology initiatives, including linkages to SDGs

Country/
economy

Example/project Key outcome/benefit Relevant SDGs Reference

Argentina
Corn ethanol, biogas from live-
stock manure

Agro-industrial synergy and GHG 
reduction

SDGs 7, 12, 13
United States Department of 
Agriculture (USDA) 2024

Argentina
Precision agriculture and geneti-
cally modified crops

GHG mitigation and soil restoration SDGs 2, 12, 13 USDA 2024

Barbados Biobased tourism packaging Eco-labelling and export image SDGs 8, 12, 14 INBAR 2025

Brazil
Sugarcane ethanol, bioelectricity 
from bagasse

Global leader in biofuels and 
energy diversification

SDGs 7, 9, 12, 
13

Coelho Junior et al. 2024

Chile Marine biomass for bioplastics
Seaweed valorization and packag-
ing innovation

SDGs 9, 12, 14 Almeida and Vieira 2025

Chile
Bioplastics from salmon and 
seaweed waste

Marine circular economy SDGs 12, 14
Pérez-San Martín et al. 
2025; SalmonChile 2024

Colombia
Silvopastoral systems and tropi-
cal afforestation

Enhanced soil C+ productivity SDGs 2, 13, 15 Chará et al. 2023

Colombia
Natural fibre panels (fique, 
plantain)

Green construction materials SDGs 9, 11, 12
Gomez et al. 2021 ; García 
Sánchez et al. 2021

Costa Rica
INBio Payment for Ecosystem 
Services (PES) schemes for 
forests

CO2 removal and biodiversity 
protection

SDGs 13, 15 World Bank 2025

Cuba
Biocomposites from sugarcane 
and forestry

Closed-loop sugar agro-industry SDGs 9, 12, 13 Palomo-Briones et al. 2018

Dominican 
Republic

Small-scale biodigesters in rural 
farms

Decentralized energy access SDGs 7, 13, 1 UNEP 2024c

Ecuador Regenerative Amazonian farming Soil carbon and biodiversity gains SDGs 2, 13, 15 INBAR 2025

El Salvador
Climate-smart agriculture in 
coffee

Reduced erosion and yield sta-
bility

SDGs 2, 12, 13 Fernandez-Kolb et al. 2019

Guatemala
Community-managed forest 
projects for carbon markets

Indigenous inclusion and climate 
change mitigation

SDGs 13, 15, 
16

Rainforest Foundation US 
2022

Haiti
Agroecology with vetiver and 
tubers

Soil restoration and market access SDGs 2, 8, 15
Groundswell International 
2023

Honduras
Agroforestry with cacao and 
timber

Livelihood and forest cover gains SDGs 1, 13, 15 Ramírez-Argueta et al. 2022

Jamaica
Waste-to-energy via sugarcane 
bagasse

Renewable energy and waste 
reduction

SDGs 7, 11, 13 Richards and Yabar 2022

Mexico
Agave and maize biomass valo-
rization

Circular agave biorefineries in arid 
zones

SDGs 8, 9, 12 Honorato-Salazar et al. 2021

Mexico Insulation from agave bagasse Housing innovation and waste reuse SDGs 9, 11, 12 Mora 2023
Panama REDD+ pilots in Darién Forest carbon market entry SDGs 13, 15 Mateo-Vega 2017

Peru
Bamboo (Guadua spp.) forest 
projects

Carbon sinks and green construction SDGs 9, 11, 13 Camargo García et al. 2023

Uruguay National Bioinput Strategy 2025
Input circularity and farmer 
resilience

SDGs 2, 9, 12 COMBIO 2024

6.3 ENABLING CONDITIONS 
Several enabling conditions have catalysed bioeconomy innova-
tion across the LAC region, reflecting a convergence of institution-
al leadership, financial mechanisms and technological capacities. 

6.3.1 Governance and institutions

A critical driver for advancing the bioeconomy and biobased 
technologies in the region has been the articulation of nation-
al bioeconomy strategies  that integrate intersectoral gover-
nance and long-term planning. Countries such as Colombia, 
Costa Rica and Brazil have developed comprehensive visions 
that align biodiversity conservation with inclusive develop-
ment. The 2018 Bioeconomy Strategy in Brazil, implement-
ed through the Brazilian Agricultural Research Corporation 
(EMBRAPA), has notably advanced second-generation eth-

anol technologies, bioinputs and forest-based bioproducts 
(Trigo et al. 2019; Bastos Lima 2021). In Mexico, INIFAP has 
spearheaded advances in biobased technologies such as agro-
ecology, precision farming and climate-resilient crops. 

Multilateral and regional initiatives such as the Ibero-Ameri-
can Programme of Science and Technology for Development 
(CYTED), the Regional Fund for Agricultural Technology 
(FONTAGRO), and the Cooperative Programme for the 
Technological and Agrarian Development of the Southern 
Cone (PROCISUR) have played a pivotal role in fostering trans-
national collaboration among countries in the Southern Cone 
and Andean regions (FONTAGRO 2025). These platforms 
have facilitated the exchange of knowledge, joint research and 
capacity-building across national borders, particularly in areas 
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Table 6.3  Examples of enabling conditions for biobased technologies in LAC region

critical to climate resilience and sustainable development. Their 
support has enabled the diffusion of climate-smart agricultural 
practices, which help farmers adapt to changing climate con-
ditions while maintaining productivity. Additionally, they have 
promoted circular economy principles, encouraging the reuse 
and valorization of agricultural and biological waste streams. 
Importantly, these initiatives have also driven innovation in 
bioprocessing technologies such as bioinputs, bioplastics and 
biofertilizers and have supported the development of biodiver-
sity-based value chains, which leverage native species and eco-
systems for sustainable economic opportunities. These efforts 
contribute not only towards environmental sustainability but 
also to inclusive rural development and regional integration.

Inclusive governance, community engagement and coordinat-
ed action are essential to building resilient bioeconomy ecosys-
tems across the region. Financial instruments, including blend-
ed finance vehicles, results-based payment schemes and green 

bond markets, play a critical role in de-risking investments and 
scaling deployment. At the same time, strengthening regional 
research and development platforms and public-private con-
sortia is vital for developing and transferring technologies suit-
ed to local biophysical and socioeconomic conditions.

Institutionalizing MRV systems is key to tracking outcomes, 
attracting climate finance and ensuring transparency. To-
gether, these mechanisms position bioeconomy-based inno-
vations as high-impact, cross-sectoral climate solutions that 
can elevate the region’s role in multilateral negotiations while 
supporting just transitions, nature-based solutions and equi-
table low-carbon development.

Table 6.3 below provides examples of how the enabling conditions 
for biobased technologies in the LAC region is advancing. Box 6.2 
also provides insights from CTCN technical assistance to advance 
bioeconomy initiatives, including biobased technologies, in the 
LAC region.

Technology 
area

Policy & Regulatory enablers R&D and Knowledge Transfer

Biomass 
Conversion 
Technologies

Colombia, Chile, Costa Rica, Mexico, Peru, and Uruguay have 
adopted national circular economy strategies that promote 
biomass valorization and conversion technologies. These strat-
egies include regulatory frameworks, monitoring systems, and 
incentives for the sustainable use of biomass.

The Inter-American Development Bank (IDB) has supported 
policy design for renewable energy, including biomass, through 
energy auctions, net metering policies, and distributed genera-
tion incentives (López Soto et al. 2019).

Argentina, Brazil, and Colombia have developed legal frame-
works to support bioenergy markets (IRENA 2024).

Examples of institutions carrying out R&D in this area 
include the Brazilian Agricultural Research Corpo-
ration (Embrapa); the National Institute of Indus-
trial Technology (INTI) and the National Institute 
of Agricultural Technology (INTA) in Argentina; the 
Production Promotion Corporation (PROVO) in Chile; 
university–industry consortia; and South–South coop-
eration initiatives.

Bio-Carbon 
Capture, Uti-
lization and 
Storage

Payment for Ecosystem Services (PES) schemes, Reducing 
Emissions from Deforestation and Forest Degradation (REDD+) 
approaches, and national climate and biodiversity laws (e.g., Cos-
ta Rica, Brazil) incorporate NbS and carbon benefit accounting 
with safeguards (Costa Rica 2021).

EMBRAPA (Brazil) and INIFAP (Mexico) conduct 
research on agroforestry, soil carbon, and biochar, and 
also organize innovation challenges (EMBRAPA 2022; 
INIFAP 2021).

Sustainable 
Agriculture & 
Land Use

Brazil enacted the 2024 Bioinputs Law, establishing a compre-
hensive regulatory framework for the production, commercializa-
tion, and use of biological inputs in agriculture, with oversight 
by the Ministry of Agriculture and Livestock (MAPA 2024). Uru-
guay approved its National Bioinputs Plan in 2025, prioritizing 
the use of bioinputs in agricultural production and promoting 
sustainable development through the Ministry of Livestock, 
Agriculture, and Fisheries (MGAP 2025). In Chile, the Ministry 
of Environment has advanced the integration of NbS in irriga-
tion and water management, supporting climate resilience and 
sustainable agriculture (Chile, Minsterio de Agricultura, INDAP 
2022; Chile 2022).

The National Institute of Agricultural Technology 
(INTA), the Cooperative Program for the Technological 
Development of Agro-Food and Agro-Industry in the 
Southern Cone (PROCISUR), and the Regional Fund 
for Agricultural Technology (FONTAGRO) are engaged 
in research on agroecology, intercropping, and organic 
inputs (FONTAGRO 2022; PROCISUR 2021).

Bio-Based 
Materials

Progress in bio-based materials is supported by enabling 
policies such as national circular economy strategies, le-
gal frameworks for bioenergy and biomass valorization, and 
incentives for sustainable innovation. Regional cooperation and 
funding mechanisms, including FONTAGRO and CYTED, further 
strengthen the policy environment for R&D and commercializa-
tion of bio-based materials (CYTED 2022; FONTAGRO 2022). 

National Science, Technology, and Innovation (STI) 
agendas in LAC countries support research and de-
velopment for biobased materials. Regional initiatives 
such as FONTAGRO and the Ibero-American Program 
on Science and Technology for Development (CYTED) 
promote R&D on bio-based fibers, genomics, and 
materials innovation, with active participation from 
countries like Argentina, Brazil, and Mexico (CYTED 
2022; FONTAGRO 2022).
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6.3.2 National strategies and regulations

Several LAC countries have made significant strides in in-
tegrating  bioeconomy  into their national development and 
climate strategies. Costa Rica has adopted a National Bioecon-
omy Strategy (2020-2030) that emphasizes biodiversity-based 
innovation, circular economy principles and rural inclusion. Ar-
gentina  has developed a national bioeconomy framework 
focused on biotechnology, sustainable agriculture and biomass 
valorization, supported by public-private partnerships and 
regional planning.  Mexico  promotes biobased technologies 
through its National Strategy for Climate Change Adaptation 
and Mitigation in the Agricultural Sector, which includes silvo-
pastoral systems and agroecological practices.  Uruguay  has 
incorporated bioeconomy into its climate and agricultural 
policies, particularly through sustainable livestock and forestry 
initiatives. Peru  is advancing bioeconomy through its forest 
conservation programs and community-based agroforestry, 
often linked to REDD+ and climate resilience goals.

At the regional level, the Latin American Bioeconomy Network, 
coordinated by the Institute Interamericano de Cooperación 
para la Agricultura (IICA), has established guiding principles to 
harmonize bioeconomy strategies across countries.These 
principles emphasize biodiversity conservation, innovation, 
circularity and social inclusion and serve as a foundation 
for policy alignment and investment attraction. Additional-
ly, ECLAC has published a regional vision for a sustainable 
bioeconomy, highlighting the need for integrated governance, 
capacity-building and cross-sectoral collaboration.

Brazil has formalized its commitment to the bioeconomy 
through its National Bioeconomy Strategy (Brazil 2024). It 
promotes the sustainable use of biodiversity, regenerative ag-
riculture and bio-industrialization. Key components include 
the development of the National Bioeconomy Development 
Plan (PNDBIO) and the creation of the National Bioeconomy 
Commission, which oversees policy alignment and stakehold-
er engagement. The strategy is closely linked to the country’s 
broader industrial and climate goals, including the New In-
dustry Brazil (NIB) initiative and supports innovation ecosys-
tems focused on biodiversity-based products, bioenergy and 
circular economy models.

The Colombian National Bioeconomy Strategy, launched in 
2020, aims to transform the country into a knowledge-based 
economy rooted in biodiversity (Colombia, Ministério de 
Ciencia, Tecnología e Innovación 2020). It focuses on gener-
ating high value-added products through science, technology 
and innovation, with strategic sectors including agriculture, 
health, cosmetics and renewable energy. The strategy is sup-

ported by institutions such as AGROSAVIA, which promotes 
sustainable agricultural innovation. This approach emphasiz-
es regional development, public-private partnerships and the 
integration of bioeconomy into climate resilience and rural 
transformation efforts in Colombia.

6.3.3 Research and development

Similarly, Uruguay demonstrates the role of enabling frame-
works by leveraging its robust research and development in-
frastructure and agricultural expertise to advance biobased 
industrial innovation. The UPM biorefinery exemplifies this 
approach by converting forestry biomass into pulp and bio-
energy, showcasing synergies between technological advance-
ment, circular economy principles and climate-smart produc-
tion systems (Scarlat et al. 2015).

In contrast, Bolivia and Guatemala are in earlier stages of bio-
economy development. Their efforts focus on foundational in-
vestments in community-based forest economies, Indigenous 
food systems and small-scale agro-industrial innovation. 
These initiatives often rely on support from regional develop-
ment banks and international technical assistance, reflecting 
a bottom-up orientation towards territorial sustainability and 
cultural resilience (Bracco et al. 2019).

Institutions such as EMBRAPA in Brazil, INTA in Argentina 
and INIFAP in Mexico have developed technologies in agro-
ecology, biofertilizers, precision agriculture and climate-resil-
ient crops, fostering the emergence of dynamic biobased sectors 
and public-private innovation platforms (Trigo et al. 2019). The 
EMBRAPA bioinput platform, for example, has become a cor-
nerstone for small- and medium-sized enterprise (SME) incu-
bation and private-sector collaboration, accelerating commer-
cialization and technology dissemination (EMBRAPA 2025).

Collectively, these examples underscore the importance of 
enabling institutions, public-private partnerships and in-
ternational cooperation in fostering inclusive bioeconomic 
transitions. They also highlight the need for adaptive poli-
cy frameworks that align industrial capacities, including 
biobased technologies, with socioecological priorities across 
the LAC region (D’Amato et al. 2020).

6.3.4 Finance 

Governments in LAC are increasingly using public develop-
ment banks to channel climate finance into biomass conver-
sion. These banks offer green loans, guarantees and technical 
assistance to reduce investment risks and attract private cap-
ital (European Investment Bank, 2024a).



Box 6.2: Financing a just circular transition in Latin America: insights from multinational technical 
assistance on biobased technologies

Countries in the LAC region are increasingly embracing circular economy (CE) principles to address climate and development 

challenges. Recognizing the region’s rich biodiversity and potential for biobased innovation, the CTCN launched two multi-coun-

try technical assistance (TA) projects aimed at integrating CE into national strategies and financial systems (CTCN 2021; 2022).

The first TA, involving Chile, Brazil, Mexico and Uruguay, focused on assessing the current status of CE and developing national 

road maps. The second TA supported Ecuador, Dominican Republic, Cuba, El Salvador and Paraguay in defining long-term CE 

visions. A separate initiative in Costa Rica targeted local-level CE development. Across all projects, the emphasis was on the 

climate benefits of circularity, particularly in sectors such as bioinputs, regenerative agriculture and biomass reuse, key pillars 

of a biobased economy.

Support from CTCN focused on advancing CE strategies, including biobased technologies, across the LAC region. Through its 

technical assistance, participating countries gained access to rich and regionally diverse information, with national assessments 

extending beyond major urban centres to capture sector-specific opportunities for biobased technologies. These efforts helped 

to establish strong baselines for CE integration, enabling countries to measure progress and assess future impacts. Equally 

important was the facilitation of cross-country knowledge exchange, allowing governments and institutions to share experienc-

es, learn from successes and setbacks and adapt best practices to their local contexts. Collectively, these contributions have 

strengthened the region’s capacity to implement NDCs and advance the goals of the Paris Agreement, positioning LAC countries 

as leaders in climate-smart, inclusive bioeconomy transitions.
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The Development Bank of Latin America and the Caribbean 
(CAF) has issued sustainable bonds aligned with its new Sus-
tainable Finance Framework, mobilizing billions in funding 
for green infrastructure, including biomass conversion tech-
nologies (CAF 2025). The Uruguayan National Bioinputs Plan 
includes public funding and incentives for biomass-based in-
puts. This supports farmers and SMEs in adopting sustainable 
technologies for biomass conversion.

Financial innovation has also played a transformative role. 
Blended finance instruments facilitated by the Green Euro-
pean Foundation, the IDB Lab, and the CAF have helped de-

risk early-stage bioeconomy ventures. In Costa Rica, the Bio-
economy and Green Growth Fund, supported by the United 
Nations Development Programme BIOFIN initiative, has 
provided catalytic capital for enterprises in biobased energy, 
food systems and biorefineries (Correa et al. 2022).

Box 6.2 provides an example of regional efforts to finance a 
just circular transition in Latin America, highlighting insights 
from the CTCN multi-country technical assistance initiatives 
focused on biobased technologies.

6.4  ROLE OF INDIGENOUS AND LOCAL 
KNOWLEDGE
Indigenous and local communities across the LAC region 
have long engaged in biobased technologies rooted in Tradi-
tional ecological knowledge (TEK), biodiversity stewardship 
and the circular use of natural resources. 

Examples of Indigenous-led biobased innovation include 
the Shipibo-Conibo people of Peru, who engage in the cultural-
ly regulated production of ayahuasca for traditional medicinal 
purposes and ethical biotrade (Gonzalez et al. 2021). Another 
example is provided by the Kichwa communities in Ecuador, 
whose chakra agroforestry systems safeguard agrobiodiversity 
and support local food sovereignty (Álava-Núñez et al. 2025). 

Finally, the Xingu Seed Network in Brazil links indigenous seed 
collectors to ecological restoration markets, thereby enhancing 
biocultural resilience and providing sustainable livelihoods (In-
ternational Network for Seed-Based Restoration 2017).

The Valhalla Macadamia Farm in Guatemala exemplifies an 
Indigenous- and locally-led bioeconomy rooted in biodiversi-
ty-based value chains and nature-based solutions. Founded in 
1989, the farm’s mission is to restore degraded lands through 
macadamia agroforestry, promoting reforestation, carbon 
sequestration and soil regeneration, while enhancing local 
food systems and climate resilience (McGrail 2023). Through 
the free distribution of macadamia seedlings to Indigenous 
farmers, along with technical support and processing services, 



74

Valhalla empowers rural communities to develop equitable, 
regenerative value chains that integrate traditional knowl-
edge with ecological stewardship (McGrail 2023). This model 
not only diversifies livelihoods and fosters rural innovation 
but also demonstrates how community-driven approaches 
can scale ecosystem restoration and inclusive climate action 
across the region. These initiatives deliver high co-benefits 
for biodiversity conservation, local livelihoods and cultural 
resilience, while simultaneously reducing deforestation and 
greenhouse gas emissions (Chazdon and Uriarte 2016).

Enhancing market access and strengthening certification 
schemes, such as fair trade, biodiversity-friendly labelling and 
origin-based certifications, can play a pivotal role in creating 
enabling environments for biobased technologies generated 
through indigenous and local knowledge. These mechanisms 
support the development of equitable value chains and fa-
cilitate access to premium markets for sustainably sourced 
products, thereby aligning conservation incentives with local 
livelihoods (Gardner et al. 2019). As policy instruments, these 
are not only essential for achieving the 2030 targets of the 
Global Biodiversity Framework, but also central to ensuring 
an equitable implementation of the Paris Agreement.

6.5  CONCLUSIONS
Advancing biobased technologies in the LAC region offers a 
strategic pathway to unlocking the full potential of the bioeco-
nomy while addressing climate, biodiversity and development 
goals in an integrated manner. Building on pioneering nation-
al initiatives such as the RenovaBio in Brazil, the Amazonia 
Bioeconomy Hub in Colombia, the BioValor platform in Uru-
guay and the Indigenous-led bio-enterprises in Guatemala, 
LAC countries are well-positioned to scale transformative 
models that align bioeconomic innovation with inclusive and 
sustainable development.

To catalyse this transition, technology inclusive bioeconomy 
strategies should be embedded within national climate and 
development frameworks. Strengthening place-based innova-
tion systems that leverage Indigenous knowledge, biodiversity 
assets and multi-stakeholder collaboration will be key to mak-
ing progress on equitable and resilient biobased technologies.

Moreover, enhancing digital MRV systems, sustainability 
certification and regional standard-setting will be critical to 
ensure transparency, traceability and market access. Regional 
coordination through platforms such as the Community of 
Latin American and Caribbean States (CELAC), the Merca-
do Común del Sur (MERCOSUR) and IICA can accelerate 
policy harmonization and the co-development of metrics and 
instruments tailored to the diverse socioecological contexts 
in the region.

By consolidating successful experiences and investing in en-
abling environments and innovation systems for biobased 
technologies, the LAC region can emerge as a global leader 
in sustainable bioeconomy development, driving innovation, 
climate action and inclusive growth for decades to come.
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Box 1: FA for biomaterial in buildings

Wood has been traditionally used for low -rise buildings in the Global North in Northern Europe and Northern Americas, in 

particular in regions with sustainable forests. Wood, bamboo, straws and other biomaterials have also been used in developing 

countries with region with fast bamboo growth. Wood and bamboo in building as structural element in building is known since 

many years, mainly for low raise constructions, for example Japanese traditional houses. Wood has a high insulation, this improv-

ing the energy performances of buildings. More recently wood building elements are prefabricated allowing simpler construction 

process compared to other materials. Costs for wood-based construction are comparable construction with traditional materials 

such as concrete or bricks buildings, with regional variations due to material availability and constructions traditions. New 

technology developments and new building codes have facilitated the practical application of wood in multi-storey buildings, 

with several example around the world. 

Biomaterials (e.g. cork, straw, etc.) are also used as insulation materials. An additional application is composite material, e.g. 

straw used to reinforce bricks, which are still widely utilized in the construction sector today.

Wood in construction could be carbon neutral only if it comes from sustainable forests, thus not contributing to deforestation. 

There is still a debate on the carbon neutrality potential of wood used in construction in large scale.

In areas where wood building is already deployed, users are favourable to the construction of multi-storey wood buildings, while 

in other areas there are still concerns about safety and durability. Local policy makers are mostly favourable to wood based new 

construction, are in introducing local policies for fostering the construction. Building codes (in the past one of the major barriers 

to high raise buildings) have been recently modified to allow wood multi storey buildings and in general are promoting policies 

to foster wood-based construction.
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Box 3: Bio-based innovation in Thailand

In South-East Asia, Thailand is at the forefront of the bioeconomy and biobased innovation development. As the world’s fourth 

largest sugar cane producer, the country has both dedicated bioeconomy policies and strategies in place (most notably the Bio 

Circular Green Economy 2.0 (BCG). The BCG provides the key driving force for the development of the bioeconomy in Thailand 

and the strategy follows its principles. In line with this strategy, an institutional infrastructure has developed over the past 

decade or so, most notably the Bioeconomy Development Office (BEDO), dedicated research units in the National Science and 

Technology Development Agency (NSTDA) and ministerial working groups and committees (Edyvean et al. 2023). Moreover, 

the government has recently made biotechnology, bioenergy and biomaterials a key priority of the Eastern Economic Corridor 

(EEC), a special industrial zone east of Bangkok which is designed to drive innovation in the Eastern seaboard region of the 

country. There, in what is known as the Biopolis Innovation hub, the country’s first multifunctional biorefinery, the Bio Base 

Asia Pilot Plant (using a variety of feedstocks to produce a variety of outputs) was scheduled to be inaugurated in recent months 

(Biopolis Eastern Economic Corridor of Innovation 2021).

Box 2: Regulating biobased technology - the case of BECCs in the European Union

The proposed 2040 European Union targets envision a carbon-neutral power sector that includes between 4 and 34 Mt of 

BECCS (European Commission 2024). This target is theoretically reachable by adding carbon capture and storage only to the 

existing European Union solid biomass bioelectricity and CHP plants. However, these plants are often small and geographically 

isolated (IEA Bioenergy n.d.), thus reducing the financial and logistic feasibility of converting all of them to BECCS. New BECCS 

installations are likely necessary to meet this ambition.

However, BECCS installation represent complex systems spanning multiple sectors, including agriculture and/or forestry, energy 

and/or industry, and carbon management (i.e., transport and storage of CO2), all of which are subject to different regulations 

with competing policy goals (Tanzer et al. 2025). The cross-sectoral nature of BECCS and patchwork policy context creates a 

higher administrative burden for BECCS operators than for operators of fossil-based or other renewable energy installations. 

There are at least thirteen different European Union regulations and directives affecting BECCS operators (Tanzer et al. 2025).

Biomass is a renewable but limited resource that is valuable both when it is harvested for use as material, energy carrier or 

source of carbon and when it is left standing, as a carbon sink and purveyor of critical ecosystem services and a source of 

beauty. The LULUCF net removal targets, the European Union Deforestation Regulation and the Nature Restoration Law all 

work to retain and increase standing biomass. In contrast, the European Renewable Energy Directive and Emission Trading 

Directive both incentivize the use of biomass, via zero-rating emissions from biomass that meets certain sustainability criteria. 

The tension between unintegrated policies that encourage the use and restrict the supply of biomass hinders the development 

of the stable biomass supply chains needed for BECCS and risks increasing undocumented uses of biomass, as suggested by 

the increasing discrepancy in known biomass supply and biomass use (Cazzaniga 2021). Similar sustainability regulations are, 

furthermore, not applied to fossil supply chains, creating an artificially unlevel playing field.

Through storage targets in the Net Zero Industry Act and funding through the Connecting Europe Facility, the European Union 

is incentivizing the creation of a CO2 transport and storage infrastructure, which is needed for BECCS viability, although the 

infrastructure is also designed to support fossil-based CCS. However, the application of CCS to biomass installations is also not 

incentivized in the ETS, as it is for fossil-based installations, although inclusion of permanent removals in the ETS, potentially 

including BECCS, was announced as part of the 2040 target plans (European Commission 2025b). The carbon removal and 

carbon farming framework will establish a protocol for the creation of removal credits from BECCS but does not specify how 

they will be used or lead to compensation.

The lack of a coherent policy landscape hinders the development of BECCS by increasing administrative and financial hurdles 

without mandating meaningfully consistent sustainability regulation to reduce the unsustainable extraction and consumption of 

both biogenic and fossil carbon. Critical elements to ensure the efficient and sustainable regulation of the bioeconomy include 

creating a policy that recognizes the complex interconnectedness of the land, industry, energy and climate sectors, particularly 

for technology systems such as BECCS, setting aligned targets for the land sink, technological removal and industrial biomass 

use that respect the implications of a changing climate and establishing at least parity of regulation for fossil carbon.
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Box 4: The East African Community Regional Bioeconomy Strategy

According to a report by the World Bank, over 30 per cent of the East Africa region’s GDP is biobased, pointing to the sig-

nificant potential for contributions to sustainable development and economic growth (Virgin et al. 2024). The East African 

Community Bioeconomy Strategy is a key regional initiative that aims to leverage biological resources to drive sustainable 

development and address climate adaptation and mitigation challenges, with major policy implications (EASTECO 2022). The 

strategy promotes the sustainable conversion of biomass into value-added food products, feed, energy, fuels and other biobased 

products, reducing dependence on fossil fuels and supporting cleaner energy systems. This contributes to climate mitigation 

by lowering greenhouse gas emissions while also creating green jobs and enhancing rural livelihoods. By encouraging carbon 

capture through natural and technological solutions such as biochar, agroforestry and biobased carbon utilization, the strategy 

supports efforts to remove CO2 from the atmosphere. These approaches help offset emissions and align with global carbon 

neutrality goals. The strategy also emphasizes climate-smart and regenerative agricultural practices that boost productivity, 

enhance resilience and restore degraded lands. These innovations improve soil health, increase carbon storage and reduce 

emissions from land use, aligning agriculture with climate adaptation and mitigation efforts. The development and use of 

biobased alternatives to conventional materials such as bioplastics, green construction materials and natural fibres reduces 

reliance on fossil-based inputs. These innovations support circular economies and contribute to lowering the carbon footprint 

of industrial and consumer products.

Box 5: The cassava bioeconomy: innovative clustering for climate and development

Cassava (Manihot esculenta) is a root crop native to the Amazon and is widely cultivated across tropical regions as a key bio-

economy resource (Trujillo et al. 2025). With its high starch content and drought resistance, cassava offers innovations across 

value chains to provide food, feed, biomaterials and bioplastics to substitute for fossil-based resources and support climate 

resilience. Several countries in Asia, Africa and Latin America have policies to leverage the potential of cassava to address 

climate challenges, diversifying markets and fostering local development.

In Thailand, the world’s leading cassava starch exporter, the cassava bioeconomy has been strategically aligned with national 

goals for the Bio Circular Green Economy (Lilavanichakul and Yoksan 2023). The country has pioneered bioplastic innovations 

(Aung 2021), using cassava starch to produce biodegradable bags and packaging materials, responding to global concerns about 

plastic pollution. However, social and environmental challenges remain to be addressed, including moving beyond monocultures 

and social supports for small-scale cassava producers. Similar platforms have been used by the Thai programme to expand 

cassava initiatives through South-South collaboration across the Mekong region of South-East Asia.

In Colombia, cassava is a culturally important crop for smallholders, especially for traditional dishes and food security (Canales 

and Trujillo 2021). Emerging initiatives include biomaterials from cassava starch, bioplastics with biodegradable films and 

different types of packaging (Ortiz et al. 2023). One key challenge in Colombia is integrating smallholders into more sophisti-

cated cassava value chains with a proper business organization (Trujillo et al. 2025). 

In Africa, the world’s leading cassava-producing region, countries such as Nigeria in West Africa and Kenya in East Africa, are 

advancing cassava-based bioeconomy initiatives. In East Africa, cassava is an important crop for poor and vulnerable commu-

nities and a potential building block for advancing the bioeconomy through transnational innovation systems along the cassava 

value chain (Lutta et al. 2024). Factors such as poverty, inequality and limited access to resources can hinder the participation 

of marginalized communities in the bioeconomy.

Tropical countries face common challenges in unlocking the full potential of cassava as a versatile bioresource for the bioecon-

omy. Key priorities include promoting biodiversity-compatible production, enabling generational renewal, improving knowledge 

transfer to small producers and strengthening business capacities. Addressing these issues is essential to advancing climate 

action, fostering local development, seizing opportunities for industrialization, job creation and value addition.
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Box 6: The nexus of bioeconomy, climate technologies and agrifood systems

Agrifood systems – comprising crops, livestock, fisheries and aquaculture and forestry, from their production, processing and 

consumption – are at the heart of the bioeconomy, with great potential to help green other sectors of the bioeconomy with 

sustainably produced biological resources and services (FAO 2024a). In turn, bioeconomy science and technology can make 

agrifood systems more efficient, resilient and inclusive. The bioeconomy for sustainable food and agriculture is therefore a 

strategic priority for the United Nations Food and Agriculture Organization (FAO) with a dedicated programme of work that 

focuses on facilitating the deployment of sustainable bio-innovations and providing support to stakeholders in developing and 

implementing cross-sectoral and evidence-based bioeconomy strategies, policies and programmes (FAO 2021). Drawing on 

long-standing collaborations with governments including Namibia and Uruguay, the FAO Bioeconomy Toolbox offers step-by-step 

guidance to stakeholders seeking to develop bioeconomy strategies (Gomez San Juan 2024).

To fully leverage the potential of the bioeconomy in a changing climate that could affect food security, it is important that bio-

economy policies, strategies and plans prioritize food security and nutrition for all and especially for vulnerable populations. The 

aim should be to mainstream the transformation of agrifood systems alongside bioeconomy development to ensure efficiency, 

equity and resilience (Albinelli et al. 2024). Safeguarding food security is impossible without decisive action to adapt to the 

impacts and mitigate the causes of climate change. Therefore, the development of comprehensive national renewable carbon 

management plans that integrate the bioeconomy as a key component and promote the diversification of biomass sources for 

multiple uses, sustainable land management, carbon capture and utilization, waste-to-energy processes and other bioeconomy 

options should be encouraged (FAO 2024b). This goes hand-in-hand with increased investments in bioeconomy science, tech-

nology and innovation, particularly in low- and middle-income countries. Climate funds such as the Adaptation Fund, the Global 

Environmental Facility (GEF), and the Green Climate Fund (GCF) have a critical role to play in scaling up bio-innovations for 

climate action. Coordinated policymaking and governance, international cooperation, sustainability monitoring and investment 

in scaling can realize the potential of the bioeconomy to make a substantial contribution to climate and biodiversity goals.

79



80
Photo: Pexels



81

REFERENCES

Adeeyo, R.O., Edokpayi, J.N., Volenzo, T.E., Odiyo, J.O. and Piketh, S.J. (2022). Determinants of solid fuel use and emission risks among 
households: Insights from Limpopo, South Africa. Toxics, 10(2), 67. https://doi.org/10.3390/toxics10020067.

African Union (2024). Great green wall initiative. https://au.int/es/taxonomy/term/1569#:~:text=The%20new%20AU%20GGWI%20Strat-
egy,as%20the%20initiative%20is%20operationalised.

Ahmed, N., Qamar, S., Jabeen, G., Yan, Q., Ahmad, M. (2022). Systematic analysis of factors affecting biogas technology acceptance: Insights 
from the diffusion of innovation. Sustainable Energy Technologies and Assessments, 52, 102122. https://doi.org/10.1016/j.seta.2022.102122

Álava-Núñez, P., Torres, B., Castro, M. and Robles, M. (2025). AGB carbon stock analysis in the Indigenous agroforestry of the Ecuadorian 
Amazon: Chakra and Aja as Natural Climate Solutions. Frontiers in Forests and Global Change, 8, 1513140. https://doi.org/10.3389/
ffgc.2025.1513140.

Albinelli, I., Gomez San Juan, M., Lester, G., Nijmeijer, M. and Neretin, L. (2024). Bioeconomy for sustainable food And agriculture: A 
global stocktaking study. Environment and Natural Resources Management Working Papers,101. Rome: Food and Agriculture Organization. 
https://doi.org/10.4060/cd2490en.

Almeida, V. and Vieira, M. (2025). Actualized scope of forestry biomass valorization in Chile: Fostering the bioeconomy. Forests 16(8), 
1208. https://eurekamag.com/research/097/470/097470688.php.

Altieri, M.A. and Nicholls, C.I. (2017). The adaptation and mitigation potential of traditional agriculture in a changing climate. Climatic 
Change 140, 33-45. https://doi.org/10.1007/s10584-013-0909-y.

Alves, C.T., Onwudili, J.A., Ghorbannezhad, P. and Kumagai, S. (2023). A review of the thermochemistries of biomass gasification and 
utilisation of gas products. Sustainable Energy & Fuels 7 (15), 3505-40. https://doi.org/10.1039/D3SE00365E.

AMZBIO 2025. Pan-Amazonian Network for Bioeconomy. http://www.amzbio.org.

Ankel-Peters, J., Bensch, G., Moull, K., Rauschenbach, M. and Sievert, M. (2025). Cost-effectiveness of rural energy access strategies. 
Energy Policy, [online] 203, p.114633. doi:https://doi.org/10.1016/j.enpol.2025.114633.

Aquije, C., Schmidt, H.-P., Draper, K., Joseph, S. and Ladd, B. (2021). Low tech biochar production could be a highly effective nature-based 
solution for climate change mitigation in the developing world. Plant and Soil, 479, 77-83. https://doi.org/10.1007/s11104-021-05159-6.

Argentina, Ministry of Economy (n.d.). Comité Asesor en Bioinsumos de Uso Agropecuario (CABUA). https://www.argentina.gob.ar/agricul-
tura/alimentos-y-bioeconomia/comite-asesor-en-bioinsumos-de-uso-agropecuario. Accessed September 2025.

Argentina. (2021). Second Nationally Determined Contribution (Updated submission). United Nations Framework Convention on Climate 
Change (UNFCCC). https://unfccc.int/documents/497046.

Asheim, B. T. and Gertler, M. S. (2006). The geography of innovation: Regional innovation systems. In The Oxford handbook of in-
novation. Fagerberg, J. and Mowery, D.C. (eds.).Oxford: Oxford University Press. 11, 291-317. https://doi.org/10.1093/oxford-
hb/9780199286805.003.0011.

Ashothaman, A., Sudha, J. and Senthilkumar, N. (2023). A comprehensive review on biodegradable polylactic acid polymer matrix composite ma-
terial reinforced with synthetic and natural fibers. Materials Today: Proceedings 80, 2829-2839. https://doi.org/10.1016/j.matpr.2021.07.047.

Astolfi, M.C.T., WarīNkwī F., Perez R., Espinoza U.J., Zimring, T.B., Keasling J.D. et al. 2025. partnerships with Indigenous peoples for 
an ethical bioeconomy. Nature Communications 16(1): 3010. https://doi.org/10.1038/s41467-025-57935-y.

Ather and Madan Gopal (2024). Navigating India’s Bioeconomy: Analyzing the BioE3 Policy, Innovation, and Emerging Challenges. Inter-
national Journal for Multidisciplinary Research, 6(6). https://www.ijfmr.com/papers/2024/6/34293.pdf.

Atiwesh, G., Mikhael, A., Parrish, C.C., Banoub, J. and Le, T.A.T. (2021). Environmental impact of bioplastic use: A review. Heliyon, 7(9), 
e07918. https://doi.org/10.1016/j.heliyon.2021.e07918.

Aung, M. 2021. Bioeconomy in Thailand: at a Glance. SEI Discussion Brief.  Stockholm: Stockholm Environment Institute. https://www.
sei.org/publications/bioeconomy-in-thailand-at-a-glance/.

Austin, K.G., Favero, A., Forsell, N, Sohngen, B.L., Wade, C.M., Ohrel, S.B. et al. (2025). Targeting climate finance for global forests. 
Nature Communications, 16, 61657. https://doi.org/10.1038/s41467-025-61657-6.

Babiker, M., Berndes, G., Blok, K., Cohen, B., Cowie, A., Geden, et al. (2022). Cross-sectoral perspectives. In IPCC, 2022: Climate Change 
2022: Mitigation of Climate Change. Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change. Shukla P.R., Skea J., Slade R., Al Khourdajie A., van Diemen R., McCollum D. et al. (eds.). Cambridge and New York, 
NY: Cambridge University Press, Cambridge. doi: 10.1017/9781009157926.005.

https://doi.org/10.3390/toxics10020067
https://doi.org/10.3389/ffgc.2025.1513140
https://doi.org/10.3389/ffgc.2025.1513140
https://doi.org/10.4060/cd2490en
https://eurekamag.com/research/097/470/097470688.php
https://doi.org/10.1007/s10584-013-0909-y
https://doi.org/10.1039/D3SE00365E
http://www.amzbio.org
https://doi.org/10.1007/s11104-021-05159-6
https://www.argentina.gob.ar/agricultura/alimentos-y-bioeconomia/comite-asesor-en-bioinsumos-de-uso-agropecuario
https://www.argentina.gob.ar/agricultura/alimentos-y-bioeconomia/comite-asesor-en-bioinsumos-de-uso-agropecuario
https://unfccc.int/documents/497046
https://doi.org/10.1093/oxfordhb/9780199286805.003.0011
https://doi.org/10.1093/oxfordhb/9780199286805.003.0011
https://doi.org/10.1016/j.matpr.2021.07.047
https://doi.org/10.1038/s41467-025-57935-y
https://www.ijfmr.com/papers/2024/6/34293.pdf
https://doi.org/10.1016/j.heliyon.2021.e07918
https://www.sei.org/publications/bioeconomy-in-thailand-at-a-glance/
https://www.sei.org/publications/bioeconomy-in-thailand-at-a-glance/
https://doi.org/10.1038/s41467-025-61657-6


82

Bai, Y. and Cotrufo, M.F. (2022). Grassland soil carbon sequestration: Current understanding, challenges, and solutions. Science, 
377(6606), 603–608. https://doi.org/10.1126/science.abo2380.

Bakkaloglu, S., Mersch, M., Sunny, N., Markides, C. N., Shah, N. and Hawkes, A. (2024). The role of negative emissions technologies in 
the UK’s net-zero strategy. Cell Report Sustainability 1, 7100126. https://doi.org/10.1016/j.crsus.2024.100126.

Balasbaneh, A.T. and Sher, W. (2021). Comparative sustainability evaluation of two engineered wood-based construction materials: Life 
cycle analysis of CLT versus GLT. Building and Environment, 204, 108112. https://doi.org/10.1016/j.buildenv.2021.108112.

Balasbaneh, A.T., Sher, W. and Yeoh, D. (2022). Recommending a new building structure to alleviate environmental impact in tropical cli-
mates: increasing the use of wood in construction. International Journal of Life Cycle Assessment, 27, 885–901. https://doi.org/10.1007/
s11367-022-02074-5.

Balocchi, F., Galleguillos, M., Rivera, D., Stehr, A., Arumi, J. L., Pizarro, R., et al. (2023). Forest hydrology in Chile: Past, present, and 
future. Journal of Hydrology, 616, 128681.

Bapfakurera, E.N., Nduwamungu, J., Nyberg, G. and Kilawe, C.J. (2024). Assessment of stocking, productivity, and aboveground biomass 
of tree species used as fuelwood in Rwanda’s agricultural landscapes. Trees, Forests and People, 16, 100552. https://doi.org/10.1016/j.
tfp.2024.100552.

Bascones, A. and Hannula, I. (2024). Carbon Accounting for Sustainable Biofuels Report. Renewable Energy Division of the Directorate 
of Energy Markets and Security of the International Energy Agency. https://iea.blob.core.windows.net/assets/79f31c02-0efe-41ca-ac15-
9d076bf2cd29/CarbonAccountingforSustainableBiofuels.pdf.

Bastos Lima, M. G. (2021). The Politics of Bioeconomy and Sustainability: Lessons from Biofuel Governance, Policies and Production 
strategies in the Emerging World. Springer. https://doi.org/10.1007/978-3-030-66838-9.

Benavides, P.T., Balchandani, S. and Gracida-Alvarez, U.R. (2024). Environmental analysis of biotechnologies for biofuels, bioplastics, and bio-
products: a greenhouse gas (GHG) emissions review. Biotechnology for the Environment 1, 10. https://doi.org/10.1186/s44314-024-00010-5.

Bensch, G., Jeuland, M., & Peters, J. (2021). Efficient biomass cooking in Africa for climate change mitigation and development. One 
Earth, 4(6), 879-890. https://doi.org/10.1016/j.oneear.2021.05.015

Bensch, G., Grimm, M., Peters, J. (2024). Improved biomass cookstoves (ICS): Adoption, use and impacts — A review of the empirical 
evidence. Renewable and Sustainable Energy Reviews, 197, 114143. https://doi.org/10.1016/j.rser.2024.114143

Bergamo, D., Zerbini, O., Pinho, P. and Moutinho, P. (2022) ‘The Amazon bioeconomy: Beyond the use of forest products’, Ecological 
Economics, 199, 107448. doi:10.1016/j.ecolecon.2022.107448. 

Berger, M., Dechezleprêtre, A. and Fadic; M. (2024), What is the role of government venture capital for innovation-driven entrepreneur-
ship? OECD Science, Technology and Industry Working Papers, No. 2024/10. Paris: OECD Publishing. https://doi.org/10.1787/6430069e-en.

Bertram, C., Quaas, M., Reusch, T. B. H. et al. (2021). The blue carbon wealth of nations. Nature Climate Change 11(8), 704-709. https://
doi.org/10.1038/s41558-021-01089-4.

Betts, M.G., Yang, Z., Hadley, A.S. et al. Forest degradation drives widespread avian habitat and population declines. Nature Ecology & 
Evoutionl 6, 709-719 (2022). https://doi.org/10.1038/s41559-022-01737-8. 

Bhattachariya, S. (2024). The Green Credit Programme can drive India’s circular bioeconomy and energy transition. Economic Times. 
https://m.economictimes.com/industry/renewables/the-green-credit-programme-can-drive-indias-circular-bioeconomy-and-energy transi-
tion/articleshow/110963887.cms Accessed September 2025.

Biobased Industries Consortium (2023). BIC 2023 trends report. https://biconsortium.eu/sites/biconsortium.eu/files/publications/BIC_
Trend_Report%202023_0.pdf. Accessed July 2025.

BIOFASE (2023). Bioplastic Material Made from Avocado Seeds. https://www.ideassonline.org/public/pdf/BiofaseMexico-ENG.pdf.

Bioinnovate Africa (2025). BioInnovate Africa. International Centre of Insect Physiology and Ecology (ICIPE). http://www.bioinnovate-africa.
org. Accessed May 2025.

Biooekonomierevier (2025). Model region for bioeconomy. www.biooekonomierevier.de.

Biopolis Eastern Economic Corridor of Innovation (2021). BIOTEC. https://www.biotec.or.th/home/en/biopolis-eeci/.

Bogale, G. A. and Bekele, S.E. (2023). Sustainability of Agroforestry Practices and their Resilience to Climate Change Adaptation and 
Mitigation in Sub-Saharan Africa: A review. Ekológia 42(2), 179-192. https://doi.org/10.2478/eko-2023-0021.

Bößner, S. (2019). The role of German regime actors and trade unions in the energy transition: Agency and Power. In Managing the Decline 
of Fossil Fuels: A Long Goodbye? Wood G. and Baker, K. (eds.). Palgrave Macmillan. https://www.springerprofessional.de/the-role-of-ger-
man-regime-actors-and-trade-unions-in-the-energy-/17379402.

https://doi.org/10.1126/science.abo2380
https://doi.org/10.1016/j.crsus.2024.100126
https://doi.org/10.1016/j.buildenv.2021.108112
https://doi.org/10.1007/s11367-022-02074-5
https://doi.org/10.1007/s11367-022-02074-5
https://doi.org/10.1016/j.tfp.2024.100552
https://doi.org/10.1016/j.tfp.2024.100552
https://iea.blob.core.windows.net/assets/79f31c02-0efe-41ca-ac15-9d076bf2cd29/CarbonAccountingforSustainableBiofuels.pdf
https://iea.blob.core.windows.net/assets/79f31c02-0efe-41ca-ac15-9d076bf2cd29/CarbonAccountingforSustainableBiofuels.pdf
https://doi.org/10.1007/978-3-030-66838-9
https://doi.org/10.1186/s44314-024-00010-5
https://doi.org/10.1016/j.oneear.2021.05.015
https://doi.org/10.1016/j.rser.2024.114143
https://doi.org/10.1787/6430069e-en
https://doi.org/10.1038/s41558-021-01089-4
https://doi.org/10.1038/s41558-021-01089-4
https://doi.org/10.1038/s41559-022-01737-8
https://m.economictimes.com/industry/renewables/the-green-credit-programme-can-drive-indias-circular-bioeconomy-and-energy%20transition/articleshow/110963887.cms
https://m.economictimes.com/industry/renewables/the-green-credit-programme-can-drive-indias-circular-bioeconomy-and-energy%20transition/articleshow/110963887.cms
https://biconsortium.eu/sites/biconsortium.eu/files/publications/BIC_Trend_Report%202023_0.pdf
https://biconsortium.eu/sites/biconsortium.eu/files/publications/BIC_Trend_Report%202023_0.pdf
https://www.ideassonline.org/public/pdf/BiofaseMexico-ENG.pdf
http://www.bioinnovate-africa.org
http://www.bioinnovate-africa.org
http://www.biooekonomierevier.de
https://www.biotec.or.th/home/en/biopolis-eeci/
https://doi.org/10.2478/eko-2023-0021
https://www.springerprofessional.de/the-role-of-german-regime-actors-and-trade-unions-in-the-energy-/17379402
https://www.springerprofessional.de/the-role-of-german-regime-actors-and-trade-unions-in-the-energy-/17379402


83

Bößner, S. and Mal, M. (2024). Tackling Emissions from Agriculture: a Perspective from the Mekong Countries. Stockholm Environment 
Institute. https://www.sei.org/publications/emissions-agriculture-perspective-mekong/.

Bößner, S., Johnson, F.X. and Shawoo, Z. (2021). Governing the bioeconomy: what role for international institutions? Sustainability 13 
(1), 1. https://doi.org/10.3390/su13010286.

Bößner, S., Xylia, M., Bilbao, B., Indriani, S.N., Laub, M., Rahn, et al. (2023). Capacity gaps in land-based mitigation technologies and 
practices: a first stock take. Land Use Policy 134: 106888 https://doi.org/10.1016/j.landusepol.2023.106888.

Boston Consulting Group (2020). BCG assembly launches a 10 billion THB public-private partnership to drive BCG agenda. https://www.nstda.or.th/
thaibioeconomy/118-bcg-assembly-launches-a-10-billion-thb-public-private-partnership-to-drive-bcg-agenda.html. Accessed September 2025.

Bot, B.V., Axaopoulos, P.J., Sakellariou, E.I. and Sosso Mayi, O.T. (2023). Economic viability investigation of mixed-biomass briquettes 
made from agricultural residues for household cooking use (Cameroon). Energies 16(18), 6469. https://doi.org/10.3390/en16186469.

Bot, B.V., Axaopoulos, P.J., Sakellariou, E.I. and Sosso Mayi, O.T. (2022). Energetic and economic analysis of biomass briquettes produc-
tion from agricultural residues. Applied Energy 321, 119430. https://doi.org/10.1016/j.apenergy.2022.119430.

Bracco, S., Calicioglu, O., Gomez San Juan, M. and Flammini, A. (2019). Assessing the contribution of bioeconomy to the total economy: 
A review of national frameworks. Sustainability 11(2), 517. https://doi.org/10.3390/su11020517.

Bracco, S., Tani, A., Calicioglu, O., Gomez San Juan, M. and Bogdanski, A. (2019). Indicators to Monitor and Evaluate the Sustain-
ability of Bioeconomy. Overview and a Proposed Way Forward. Rome: Food and Agriculture Organization. https://openknowledge.fao.org/
items/620e2572-d3fb-478b-9fde-57bfec637731.

Brassiolo, P., Estrada, R., Vicuña, S., Odriozola, J., Toledo, M., Juncosa, F., et al. (2023). Global Challenges, Regional Solutions: Latin Amer-
ica and the Caribbean in the Face of the Climate and Biodiversity Crisis. World Bank. https://scioteca.caf.com/handle/123456789/2136

Brazil (2024) Decree No. 12.044 Establishing the National Bioeconomy Strategy. Official Gazette of the Union. https://www.planalto.gov.
br/ccivil_03/_ato2023-2026/2024/decreto/D12044.htm.

Brazil, Ministério da Agricultura e Pecuária (MAPA) (2024). Novo Plano Safra reforça apoio a sistemas de produção ambientalmente 
sustentáveis. https://www.gov.br/agricultura/pt-br/assuntos/noticias/novo-plano-safra-reforca-apoio-a-sistemas-de-producao-ambiental-
mente-sustentaveis Accessed June 2025.

Brazil, Ministério da Agricultura e Pecuária (n.d.). Programa Nacional de Bioinsumos.Ministério da Agricultura, Pecuária e Abastecimento 
Brasil. https://www.gov.br/agricultura/pt-br/assuntos/inovacao/bioinsumos/o-programa. Accessed May 2025.

Brazil, Ministério de Minas e Energia (2021). RenovaBio. https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-bio-
combustiveis/renovabio-1/renovabio-ingles.

Brazil, Ministry of Agriculture and Livestock (MAPA) (2024). Federal Law No. 15,070/2024: Bioinputs Law. https://www.planalto.gov.br/
ccivil_03/_Ato2023-2026/2024/Lei/L15070.htm.

Breakthrough Energy Ventures (2023). State of the Transition 2023. Accelerating the Clean Industrial Revolution. https://www.break-
throughenergy.org/wp-content/uploads/2023/11/BE-State-of-the-Transition-2023.pdf. Accessed: May 2025.

Bredenoord, J. (2024). Bamboo as a sustainable building material for innovative, low-cost housing construction. Sustainability 16(6), 2347.

Brizga, J., Hubacek, K. and Feng, K. (2020). The unintended side effects of bioplastics: Carbon, land, and water footprints. One Earth 
3(1), 45-53. https://doi.org/10.1016/j.oneear.2020.06.016.

Brown, C. and Tao, L. (2023). Biofuel Production and Greenhouse Gas Reduction Potential. NREL, OSTI Report ID:2202642. https://
doi.org/10.2172/2202642.

Bryden, J., Gezelius, S. S., Refsgaard, K. and Sutz, J. (2017). Inclusive innovation in the bioeconomy: Concepts and directions for research. 
Innovation and Development 7(1), 1-16. https://doi.org/10.1080/2157930X.2017.1281209.

Bugge, M.M., Hansen, T. and Klitkou, A. (2016). What is the bioeconomy? A review of the literature. Sustainability 8 (7): 7. https://doi.
org/10.3390/su8070691.

Buma, B., Gordon, D.R., Kleisner, K.M., Bartuska, A., Bidlack, A., DeFries, R.,. (2024). Expert review of the science underlying na-
ture-based climate solutions. Nature Climate Change, 14(4), 402-406. https://doi.org/10.1038/s41558-024-01960-0.

Calicioglu, O. and Bogdanski, A. (2021). Linking the bioeconomy to the 2030 sustainable development agenda: Can SDG indicators be 
used to monitor progress? New Biotechnology 61, 40-49. https://doi.org/10.1016/j.nbt.2020.10.010.

Calvin, K., Cowie A., Berndes, G, Arneth A., Cherubini, F., Portugal-Pereira, J.  (2021). Bioenergy for climate change mitigation: scale and 
sustainability. GCB Bioenergy 13 (9), 1346-71. https://doi.org/10.1111/gcbb.12863.

https://www.sei.org/publications/emissions-agriculture-perspective-mekong/
https://doi.org/10.3390/su13010286
https://doi.org/10.1016/j.landusepol.2023.106888
https://www.nstda.or.th/thaibioeconomy/118-bcg-assembly-launches-a-10-billion-thb-public-private-partnership-to-drive-bcg-agenda.html
https://www.nstda.or.th/thaibioeconomy/118-bcg-assembly-launches-a-10-billion-thb-public-private-partnership-to-drive-bcg-agenda.html
https://doi.org/10.3390/en16186469
https://doi.org/10.1016/j.apenergy.2022.119430
https://doi.org/10.3390/su11020517
https://openknowledge.fao.org/items/620e2572-d3fb-478b-9fde-57bfec637731
https://openknowledge.fao.org/items/620e2572-d3fb-478b-9fde-57bfec637731
https://scioteca.caf.com/handle/123456789/2136
https://www.planalto.gov.br/ccivil_03/_ato2023-2026/2024/decreto/D12044.htm
https://www.planalto.gov.br/ccivil_03/_ato2023-2026/2024/decreto/D12044.htm
https://www.gov.br/agricultura/pt-br/assuntos/noticias/novo-plano-safra-reforca-apoio-a-sistemas-de-producao-ambientalmente-sustentaveis%20Accessed%20June%202025
https://www.gov.br/agricultura/pt-br/assuntos/noticias/novo-plano-safra-reforca-apoio-a-sistemas-de-producao-ambientalmente-sustentaveis%20Accessed%20June%202025
https://www.gov.br/agricultura/pt-br/assuntos/inovacao/bioinsumos/o-programa
https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/renovabio-1/renovabio-ingles
https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/renovabio-1/renovabio-ingles
https://www.planalto.gov.br/ccivil_03/_Ato2023-2026/2024/Lei/L15070.htm
https://www.planalto.gov.br/ccivil_03/_Ato2023-2026/2024/Lei/L15070.htm
https://www.breakthroughenergy.org/wp-content/uploads/2023/11/BE-State-of-the-Transition-2023.pdf
https://www.breakthroughenergy.org/wp-content/uploads/2023/11/BE-State-of-the-Transition-2023.pdf
https://doi.org/10.1016/j.oneear.2020.06.016
https://doi.org/10.2172/2202642
https://doi.org/10.2172/2202642
https://doi.org/10.1080/2157930X.2017.1281209
https://doi.org/10.3390/su8070691
https://doi.org/10.3390/su8070691
https://doi.org/10.1038/s41558-024-01960-0
https://doi.org/10.1016/j.nbt.2020.10.010
https://doi.org/10.1111/gcbb.12863


84

Camargo García, J. C., Arango Arango, A. M. and Trinh, L. (2023). The potential of bamboo forests as a carbon sink and allometric equa-
tions for estimating their aboveground biomass. Environment, Development and Sustainability. Advance online publication. https://doi.
org/10.1007/s10668-023-03460-1 

Cambodia, Ministry of Environment and National Council for Sustainable Development (2022). Cambodia’s Third National Communication. 
Submitted under the United Nations Framework Convention on Climate Change. https://unfccc.int/sites/default/files/resource/20220921_
Third%20National%20Communication_Cambodia.pdf.

Campbell, S. and  Hope, W. (2025). Climate change adaptation policies in East African countries: A review of institutional responses and 
implementation gaps. Global Journal of Public Policy and Administration, 2(1), 1-18. 

Canales, N. and Trujillo M. (2021). La Red de Valor de La Yuca y Su Potencial En La Bioeconomía de Colombia. Instituto de Ambiente 

de Estocolmo, 1-30.

Capolaghi L. (2022). Forestry funds: The emerging star of alternative investments. Ernst & Young Global. https://www.ey.com/en_lu/insights/
private-equity/forestry-funds--the-emerging-star-of-alternative-investments. Accessed September 2025.

Cappello, C., Pratihast, A. K., Pérez Ojeda del Arco, A., Reiche, J., De Sy, V., Herold, M., et al. (2022). Alert-driven community-based 
forest monitoring: A case of the Peruvian Amazon. Remote Sensing, 14(17), 4284. https://doi.org/10.3390/rs14174284.

Carbon Pulse (2025). Brazilian BECCS project confirms first-ever offtake deals, sees “robust” demand at $150/t. https://carbon-pulse.
com/429383/ Accessed May 2025.

Castellanos, E., M.F. Lemos, L. Astigarraga, N. Chacón, N. Cuvi, C. Huggel, et al. (2022), Central and South America, in H.-O. Pörtner et 
al. (eds.), Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report 
of the Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 1689–1816. 
© IPCC 2022. doi:10.1017/9781009325844.014

Cazzaniga, N.E., Jasineviĉius, G., Jonsson, R. and Mubareka, S. (2021). Wood Resource Balances of European Union Year 2009-2017 
Release 2021. Luxembourg: European Commission Joint Research Centre, Publications Office of the European Union. https://knowledge-
4policy.ec.europa.eu/publication/wood-resource-balances_en.

CDR (2024). 2023 Investing landscape in Carbon Removal. URL:https://www.cdr.fyi/blog/2023-investment-landscape-in-carbon-removal 
Accessed September 2025.

CDR.fyi (2025). https://www.cdr.fyi/ (Accessed September 2025). 

Celik, D., Caneva, S. and  Ma, C. (2023). Social innovation for rural bioeconomies. Open Research Europe 5, 30. (https://doi.org/10.12688/
openreseurope.19460.1)

Chandigarh Union Territory Administration and ENVIS Centre Chandigarh (2022). Chandigarh Climate Change Adaptation Action Plan 
(CHCCAPP). https://chandigarhenvis.gov.in/sites/default/files/documents/CHCCAPP.pdf.

Chang, J.-H., Selvaraj, S., Manikandan, S., Nagarani, S., Senthilkumar, A., Samuel, M. S. et al. (2025). A comprehensive review of bio-
mass utilization for sustainable biofuel and biocomponent development. Biomass and Bioenergy 202, 108167. https://doi.org/10.1016/j.
biombioe.2025.108167.

Chazdon, R. L. and Uriarte, M. (2016). Natural regeneration in the context of large-scale forest and landscape restoration in the tropics. 
Biotropica 48(6), 709-715. https://doi.org/10.1111/btp.12409.

Chen, A., Guan, Y.J., Bustamante, M., Uribe, L., Uribe-Lorío, L., Murillo Roos, M., et al. (2020). Production of renewable fuel and val-
ue-added bioproducts using pineapple leaves in Costa Rica. Biomass and Bioenergy 141, 105675. https://www.kerwa.ucr.ac.cr/server/api/
core/bitstreams/c6cb75eb-66dd-4671-8a3e-6ce77d4d3828/content.

Chen, Y., Wang, S. and Li, J. (2023). Recent advances in functional cellulose-based films with antimicrobial and antioxidant properties for 
food packaging. Journal of Agricultural and Food Chemistry 71(45), 16325-16342. https://pubs.acs.org/doi/10.1021/acs.jafc.3c06004. 

Cherubini, F. and Strømman, A.H. (2011). Life cycle assessment of bioenergy systems: State of the art and future challenges. Bioresource 
Technology 102(2), 437-451. https://doi.org/10.1016/j.biortech.2010.08.010.

Chiaramonti, D., Lehmann, J., Berruti, F., Giudicianni, P., Sanei H. and Masek, O. (2024). Biochar is a long-lived form of carbon removal, 
making evidence-based CDR projects possible. Biochar 6. https://doi.org/10.1007/s42773-024-00366-7. 

Chile (2022). Strengthened First Nationally Determined Contribution (NDC). UNFCCC. https://unfccc.int/documents/499043.

Chile, Ministerio de Agricultura (INDAP) (2022). Chile Agricultural Development Institute Irrigation Programs.  https://www.indap.gob.cl/
plataforma-de-servicios/programa-de-riego-intrapredial.

https://doi.org/10.1007/s10668-023-03460-1
https://doi.org/10.1007/s10668-023-03460-1
https://unfccc.int/sites/default/files/resource/20220921_Third%20National%20Communication_Cambodia.pdf
https://unfccc.int/sites/default/files/resource/20220921_Third%20National%20Communication_Cambodia.pdf
https://www.ey.com/en_lu/insights/private-equity/forestry-funds--the-emerging-star-of-alternative-investments?utm_source=chatgpt.com
https://www.ey.com/en_lu/insights/private-equity/forestry-funds--the-emerging-star-of-alternative-investments?utm_source=chatgpt.com
https://doi.org/10.3390/rs14174284
https://carbon-pulse.com/429383/
https://carbon-pulse.com/429383/
https://knowledge4policy.ec.europa.eu/publication/wood-resource-balances_en
https://knowledge4policy.ec.europa.eu/publication/wood-resource-balances_en
https://www.cdr.fyi/
https://doi.org/10.12688/openreseurope.19460.1
https://doi.org/10.12688/openreseurope.19460.1
https://chandigarhenvis.gov.in/sites/default/files/documents/CHCCAPP.pdf
https://doi.org/10.1016/j.biombioe.2025.108167
https://doi.org/10.1016/j.biombioe.2025.108167
https://doi.org/10.1111/btp.12409
https://www.kerwa.ucr.ac.cr/server/api/core/bitstreams/c6cb75eb-66dd-4671-8a3e-6ce77d4d3828/contenth
https://pubs.acs.org/doi/10.1021/acs.jafc.3c06004
https://doi.org/10.1016/j.biortech.2010.08.010
https://doi.org/10.1007/s42773-024-00366-7
https://unfccc.int/documents/499043
https://www.indap.gob.cl/plataforma-de-servicios/programa-de-riego-intrapredial
https://www.indap.gob.cl/plataforma-de-servicios/programa-de-riego-intrapredial


85

Chile, Ministry of the Environment (2023). Guidelines for the incorporation of nature-based solutions for climate change adaptation in 
Chile. https://cambioclimatico.mma.gob.cl/wp-content/uploads/2024/01/Lineamientos-para-la-incorporacion-de-SbN.pdf.

China, Ministry of Ecology and Environment of the People’s Republic of China (2022). National Climate Change Adaptation Strategy 2035. 
http://www.ncsc.org.cn/SY/syqhbh/202206/W020221026516413083356.pdf.

Christiansson, M.F. and Roos, T. (2023). Building Materials and their Impacts on Biodiversity: A Comparison of Wood and Concrete Building 
Frames. Chalmers University of Technology.  http://hdl.handle.net/20.500.12380/306132

Christmann, T., Aranda, M. L. and Recharte, J. (2025). Restoration of Andean forests using a socioecological approach: Case study 
from the Aquia mountain community in Peru. Mountain Research and Development 45(1), D1-D13. https://bioone.org/journals/moun-
tain-research-and-development/volume-45/issue-1/mrd.2024.00017/Restoration-of-Andean-Forests-Using-a-Socioecological-Ap-
proach--Case/10.1659/mrd.2024.00017.full. 

Climate Bonds Initiative (2023). Global State of the Market Report 2023. https://www.climatebonds.net/data-insights/publications/global-
state-market-report-2023?utm_source=chatgpt.com. Accessed April 2025.

Climate Bonds Initiative (2025). Sustainable Debt Global State of the Market. Q1 2025. https://www.climatebonds.net/data-insights/
publications/sustainable-debt-global-state-market-q1-2025.

Climate Investment Funds (2024). Climate Investment Funds endorses $37 Million Ethiopian Plan for Nature, People, and Climate. 
https://www.cif.org/news/climate-investment-funds-endorses-37-million-ethiopian-plan-nature-people-and-climate#:~:text=Ethiopia’s%20
investment%20plan%20will%20be,rural%20communities%20and%20Indigenous%20Peoples. Accessed June 2025.

CMPC (2023). Bioeconomy: the sustainable alternative. CMPC Corporate Magazine. https://www.cmpc.com/pdf/OF12-Dec23.pdf.

Coelho Junior, L. M., Santos Júnior, E. P., da Silva, C. F. F., de Oliveira, B. H. C., Dantas, J. B. C., dos Reis, J. V., et al. (2024). Supply 
of bioelectricity from sugarcane bagasse in Brazil: A space–time analysis. Sustainable Environment Research 34(1), 1-14. https://doi.
org/10.1186/s42834-024-00223-z.

Colombia (2020). Colombia First NDC - Technical Annex (Updated submission). United Nations Framework Convention on Climate Change 
(UNFCCC). https://unfccc.int/documents/497429.

Colombia, Ministerio de Ciencia, Tecnología e Innovación. (2020). Misión de Bioeconomía: Colombia hacia una sociedad basada en el 
conocimiento de su biodiversidad. https://minciencias.gov.co/mision-bioeconomia.

Coratchia, P. M. Q., Dela Cruz, H. N. P., Leslie, M. F. B., Magboo, F. C. M., Manalo, A. J. I., Marie, L. D. A., et al. (2024). Banana food 
wrap and cassava bioplastic packaging: Assessment of biodegradability. International Journal of Development Research 14, Article 28451. 
https://www.journalijdr.com/banana-food-wrap-and-cassava-bioplastic-packaging-assessment-biodegradability.

Correa, V., Johnson, C., Kore, S. and Linden, A. (2022). National Strategy for the Bioeconomy of Costa Rica. University of Michigan. https://
deepblue.lib.umich.edu/bitstream/handle/2027.42/172230/UNDP-BIOFIN_392.pdf?sequence=1.

Costa Rica (2022). First Nationally Determined Contribution (Updated submission). United Nations Framework Convention on Climate 
Change (UNFCCC). https://unfccc.int/documents/497449.

Costa Rica, Ministry of Environment and Energy (2021). https://cambioclimatico.minae.go.cr/programa-pais-carbono-neutralidad/ppcn-cat-
egoria-organizacional/.

Couharde, C. and Mouhoud, S. (2020). Fossil fuel subsidies, income inequality, and poverty: Evidence from developing countries. Journal 
of Economic Surveys 34 (5): 981-1006. https://doi.org/10.1111/joes.12384.

Cruz, R.M.S., Krauter, V., Krauter, S., Agriopoulou, S., Weinrich, R., Herbes, C., et al. (2022). Bioplastics for food packaging: Environmental 
impact, trends and regulatory aspects. Foods 11(19), 3087. https://doi.org/10.3390/foods11193087.

CYTED (2022). Ibero-American Program on Science and Technology for Development Annual Report.  https://www.fct.pt/en/internacional/
organizacoes-e-programas-internacionais/cyted-programa-ibero-americano-de-ciencia-e-tecnologia-para-o-desenvolvimento/

D’Amato, D. and J. Korhonen (2021). Integrating the Green Economy, Circular Economy and Bioeconomy in a Strategic Sustainability 
Framework. Ecological Economics 188: 107143. https://doi.org/10.1016/j.ecolecon.2021.107143.

D’Amato, D., Korhonen, J. and Toppinen, A. (2019). Circular, green, and bio economy: How do companies in land-use intensive sectors 
align with sustainability concepts? Ecological Economics 158, 116-133. https://doi.org/10.1016/j.ecolecon.2018.12.026.

D’Amico, B., Pomponi, F. and Hart, J. (2021). Global potential for material substitution in building construction: The case of cross lami-
nated timber. Journal of Cleaner Production, 279, 123487.

https://cambioclimatico.mma.gob.cl/wp-content/uploads/2024/01/Lineamientos-para-la-incorporacion-de-SbN.pdf
http://www.ncsc.org.cn/SY/syqhbh/202206/W020221026516413083356.pdf
http://hdl.handle.net/20.500.12380/306132
https://bioone.org/journals/mountain-research-and-development/volume-45/issue-1/mrd.2024.00017/Restoration-of-Andean-Forests-Using-a-Socioecological-Approach--Case/10.1659/mrd.2024.00017.full
https://bioone.org/journals/mountain-research-and-development/volume-45/issue-1/mrd.2024.00017/Restoration-of-Andean-Forests-Using-a-Socioecological-Approach--Case/10.1659/mrd.2024.00017.full
https://bioone.org/journals/mountain-research-and-development/volume-45/issue-1/mrd.2024.00017/Restoration-of-Andean-Forests-Using-a-Socioecological-Approach--Case/10.1659/mrd.2024.00017.full
https://www.climatebonds.net/data-insights/publications/global-state-market-report-2023?utm_source=chatgpt.com
https://www.climatebonds.net/data-insights/publications/global-state-market-report-2023?utm_source=chatgpt.com
https://www.climatebonds.net/data-insights/publications/sustainable-debt-global-state-market-q1-2025
https://www.climatebonds.net/data-insights/publications/sustainable-debt-global-state-market-q1-2025
https://www.cmpc.com/pdf/OF12-Dec23.pdf
https://doi.org/10.1186/s42834-024-00223-z
https://doi.org/10.1186/s42834-024-00223-z
https://unfccc.int/documents/497429
https://minciencias.gov.co/mision-bioeconomia
https://www.journalijdr.com/banana-food-wrap-and-cassava-bioplastic-packaging-assessment-biodegradability
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/172230/UNDP-BIOFIN_392.pdf?sequence=1
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/172230/UNDP-BIOFIN_392.pdf?sequence=1
https://unfccc.int/documents/497449
https://cambioclimatico.minae.go.cr/programa-pais-carbono-neutralidad/ppcn-categoria-organizacional/
https://cambioclimatico.minae.go.cr/programa-pais-carbono-neutralidad/ppcn-categoria-organizacional/
https://doi.org/10.1111/joes.12384
https://doi.org/10.3390/foods11193087
https://www.fct.pt/en/internacional/organizacoes-e-programas-internacionais/cyted-programa-ibero-americano-de-ciencia-e-tecnologia-para-o-desenvolvimento/
https://www.fct.pt/en/internacional/organizacoes-e-programas-internacionais/cyted-programa-ibero-americano-de-ciencia-e-tecnologia-para-o-desenvolvimento/
https://doi.org/10.1016/j.ecolecon.2021.107143
https://doi.org/10.1016/j.ecolecon.2018.12.026


86

Dadario, N., Gabriel Filho, L.R.A., Cremasco, C.P., dos Santos, F.A., Rizk, M.C. and Mollo Neto, M. (2023). Waste-to-energy recovery 
from municipal solid waste: Global scenario and prospects of mass burning technology in Brazil. Sustainability, 15(6), 5397. https://doi.
org/10.3390/su15065397

De Laurentiis, V., Maier, S., Horn, R., Uusitalo, V., Hiederer, R., Chéron-Bessou, C., Morais, T., Grant, T., Milà i Canals, L. and Sala, S. 
(2024). Soil organic carbon as an indicator of land use impacts in life cycle assessment. The International Journal of Life Cycle Assessment 
29, 1190-1208. https://doi.org/10.1007/s11367-024-02307-9.

Development Bank of Latin America and the Caribbean (CAF) (2025). Sustainable Finance Framework. https://scioteca.caf.com/han-
dle/123456789/2399.

Diakosavvas, D. and C. Frezal (2019). Bio-Economy and the Sustainability of the Agriculture and Food System: Opportunities and Policy 
Challenges. OECD Food, Agriculture and Fisheries Papers, No. 136. Paris: OECD Publishing. http://dx.doi.org/10.1787/d0ad045d-en.

Dias, D., Antunes, A. P. and Tchepel, O. (2019). Modelling of Emissions and Energy Use from Biofuel Fuelled Vehicles at Urban Scale. 
Sustainability 11(10), 2902. https://doi.org/10.3390/su11102902.

Diaz-Chavez R. and van Dam J. (2020). Novel Regional Governance Approaches and Landscape-Based Approaches to Govern Sustainability 
of Bioenergy and Biomaterials Supply Chains. International Energy Agency (IEA) Bioenergy. Task 43: TR2020-02.

Diemen, D., McCollum, M., Pathak, S., Some, P., Vyas, R., Fradera, M. et al. (eds.) (2022). Cambridge and New York, NY: Cambridge 
University Press. https://www.ipcc.ch/report/ar6/wg3/chapter/chapter-12/.

Dietz, T., Börner, J., Förster, J. J. and Von Braun, J. (2018) Governance of the bioeconomy: a global comparative study of national bioeco-
nomy strategies. Sustainability 10(9), 3190. https://doi.org/10.3390/su10093190. 

Dilkes-Hoffman, L., Ashworth, P., Laycock, B., Pratt, S. and Lant, P. (2019). Public attitudes towards bioplastics: knowledge, perception 
and end-of-life management. Resources, Conservation and Recycling 151, 104479. https://doi.org/10.1016/j.resconrec.2019.104479.

Dobhal, S., Kumar, R., Bhardwaj, D. R., Chavan, S. B., Uthappa, A. R., Kumar, A., et al. (2024). Global assessment of production benefits and 
risk reduction in agroforestry during extreme weather events under climate change scenarios. Frontiers in Forests and Global Change 7, 1379741. 
https://doi.org/10.3389/ffgc.2024.1379741.

East African Community (2024). EAC4Nature Project Launched to Foster Sustainable Natural Resources Management in the Region. 
https://www.eac.int/press-releases/144-environment-natural-resources/3322-eac4nature-project-launched-to-foster-sustainable-natural-re-
sources-management-in-the-region.

East African Science and Technology Commission (2022). The East African Regional Bioeconomy Strategy. https://www.iacgb.net/lw_re-
source/datapool/systemfiles/elements/files/2ebdbc71-a097-11ed-9ee4-dead53a91d31/current/document/EAC-Regional-East-Africa-Bio-
economy-Strategy.pdf.

Eastwood, C., Turner, J.A., Romera, A., Selbie, D., Henwood, R., Espig, M. et al. (2023). A review of multi-scale barriers to transitioning 
from digital agriculture to a digital bioeconomy. CABI Reviews 2023. https://doi.org/10.1079/cabireviews.2023.0002.

EBC and WBC Guidelines and Documents. (n.d.) https://www.european-biochar.org/en/ct/2-EBC-and-WBC-guidelines-documents. Accessed 
16 July 2025.

Ecuru J, Savadogo M and Araba D. (2024). Climate action and bioeconomy transition: mainstreaming environmental sustainability in the 
post-Malabo agenda of the comprehensive Africa Agriculture Development Programme. In 2024 ReSAKSS Annual Trends and Outlook 
Report.

Edyvean, R.G.J., Apiwatanapiwat, W., Vaithanomsat, P., Boondaeng, A., Janchai P. and Sophonthammaphat. S. (2023). The bio-circular 
green economy model in Thailand – a comparative review. Agriculture and Natural Resources 57 (1):1.

EMBRAPA (2022). Annual Report. https://www.embrapa.br/en/busca-de-publicacoes/-/publicacao/1155931/annual-report-2022.

EMBRAPA (2025.). Biological Inputs Portfolio. https://www.embrapa.br/en/portfolio/insumos-biologicos. Accessed 23 September 2025.

Espinosa, J., Rivera, D. (2016). Variations in water resources availability at the Ecuadorian páramo due to land-use changes. Environmental 
Earth Sciences 75, 1173. https://doi.org/10.1007/s12665-016-5962-1.

EUROCLIMA+ (2022). Nature-based solutions in the NDCs of Latin American and Caribbean countries: Classification of commitments 
for climate action. https://www.euroclima.org/seccion-publicaciones/sectores/full-report-nature-based-solutions-in-the-ndcs-of-latin-amer-
ican-and-caribbean-countries-classification-of-commitments-for-climate-action.

European Commission (2018). A Sustainable Bioeconomy for Europe: Strengthening the Connection between Economy, Society and the 
Environment: Updated Bioeconomy Strategy. Publications Office of the European Union. https://data.europa.eu/doi/10.2777/792130.

https://doi.org/10.3390/su15065397
https://doi.org/10.3390/su15065397
https://doi.org/10.1007/s11367-024-02307-9
https://scioteca.caf.com/handle/123456789/2399
https://scioteca.caf.com/handle/123456789/2399
http://dx.doi.org/10.1787/d0ad045d-en
https://doi.org/10.3390/su11102902
https://www.ipcc.ch/report/ar6/wg3/chapter/chapter-12/
https://doi.org/10.3390/su10093190
https://doi.org/10.1016/j.resconrec.2019.104479
https://www.eac.int/press-releases/144-environment-natural-resources/3322-eac4nature-project-launched-to-foster-sustainable-natural-resources-management-in-the-region
https://www.eac.int/press-releases/144-environment-natural-resources/3322-eac4nature-project-launched-to-foster-sustainable-natural-resources-management-in-the-region
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/2ebdbc71-a097-11ed-9ee4-dead53a91d31/current/document/EAC-Regional-East-Africa-Bioeconomy-Strategy.pdf
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/2ebdbc71-a097-11ed-9ee4-dead53a91d31/current/document/EAC-Regional-East-Africa-Bioeconomy-Strategy.pdf
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/2ebdbc71-a097-11ed-9ee4-dead53a91d31/current/document/EAC-Regional-East-Africa-Bioeconomy-Strategy.pdf
https://doi.org/10.1079/cabireviews.2023.0002
https://www.european-biochar.org/en/ct/2-EBC-and-WBC-guidelines-documents
https://www.embrapa.br/en/busca-de-publicacoes/-/publicacao/1155931/annual-report-2022
https://www.embrapa.br/en/portfolio/insumos-biologicos.%20Accessed%2023%20September%202025
https://doi.org/10.1007/s12665-016-5962-1
https://www.euroclima.org/seccion-publicaciones/sectores/full-report-nature-based-solutions-in-the-ndcs-of-latin-american-and-caribbean-countries-classification-of-commitments-for-climate-action
https://www.euroclima.org/seccion-publicaciones/sectores/full-report-nature-based-solutions-in-the-ndcs-of-latin-american-and-caribbean-countries-classification-of-commitments-for-climate-action
https://data.europa.eu/doi/10.2777/792130


87

European Commission (2021). Commission Launches Consultation on EU Bioeconomy Strategy. https://environment.ec.europa.eu/news/
commission-launches-consultation-eu-bioeconomy-strategy-2025-03-31_en

European Commission (2023). Horizon Europe: Funding for Carbon Sequestration Technologies. https://climate.ec.europa.eu/eu-action/
eu-funding-climate-action/innovation-fund/innovation-fund-projects_en

European Commission (2024). Commission Staff Working Document Impact Assessment Report Accompanying the Document Communi-
cation from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee 
of the Regions Securing our Future Europe’s 2040 Climate Target and Path to Climate Neutrality by 2050 Building a Sustainable, Just 
and Prosperous Society. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52024SC0063.

European Commission (2025a). Rural Development. https://agriculture.ec.europa.eu/common-agricultural-policy/rural-development_en.

European Commission (2025b. EU’s Climate Law presents a new way to get to 2040. https://ec.europa.eu/commission/presscorner/detail/
en/ip_25_1687.

European Investment Bank (2024). Agriculture and the Bioeconomy. https://www.eib.org/en/projects/topics/energy-natural-resources/ag-
riculture/index Accessed May 2025.

European Investment Bank. (2025). Sweden: EIB finances ground-breaking carbon capture plant in 

Stockholm. EIB news April 2025. 

https://www.eib.org/en/press/all/2025-172-eib-finances-ground-breaking-carbon-capture-plant-in-stockholm#:~:text=The%20Europe-
an%20Investment%20Bank%20(EIB,in%20so%2Dcalled%20negative%20emissions Accessed: September 2025.

European Investment Bank (2024a). Climate Financing in Latin America and the Caribbean. https://www.eib.org/attachments/lucal-
li/20240047_climate_financing_in_latin_america_and_the_caribbean_en.pdf.

European Investment Fund (2025). Unlocking the potential of cleantech innovation in Europe. EIF Working Paper 2025/106.  https://
www.eif.org/news_centre/publications/eif-working-paper-2025-106.htm. Accessed August 2025.

European Union (2021). Regulation (EU) 2021/2115 of the European Parliament and of the Council of 2 December 2021 Establishing 
Rules on Support for Strategic Plans to Be Drawn up by Member States under the Common Agricultural Policy (CAP Strategic Plans). Official 
Journal of the European Union. https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R2115&qid=1748187007021.

European Union (2024). European Climate Risk Assessment. Publications Office of the European Union.

Fahim, M., Haris, M., Khan, W. and Zaman, S. (2022). Bamboo as a construction material: prospects and challenges. Advances in Science 
and Technology Research Journal 16(3). https://doi.org/10.12913/22998624/149737.

Faria, D.J., de Carvalho, A.P.A. and Conte-Junior, C.A. (2024). Fermentation of biomass and residues from Brazilian agriculture for 2G 
bioethanol production. ACS Omega. https://doi.org/10.1021/acsomega.4c06579.

Fernandez-Kolb, P., Castro-Llanos, F., Martinez-Valle, A., Siles, P., Läderach, P., Lundy, M., et al. (2019). Climate Smart Coffee in El Salva-
dor. International Center for Tropical Agriculture (CIAT). https://alliancebioversityciat.org/publications-data/climate-smart-coffee-el-salvador.

FONTAGRO (2018). Bioeconomy and Regional Cooperation. https://fontagro.minimalart.info/new/proyectos/bioeconomia/en. Accessed 
September 2025

FONTAGRO (2022). Regional Fund for Agricultural Technology: Annual report. https://old.fontagro.org/new/uploads/adjuntos/RG-T3587_-_
MPI_2022_Report.pdf.

Food and Agriculture Organization and United Nations Framework Convention on Climate Change (2024). Climate technologies for agrifood 
systems transformation – Placing food security, climate change and poverty reduction at the forefront. Rome, FAO.

Food and Agriculture Organization of the United Nations (2021). Aspirational Principles and Criteria for a Sustainable Bioeconomy. Rome, 
FAO. https://openknowledge.fao.org/items/152324b8-6d78-4d55-b61f-274649c8422d.

Food and Agriculture Organization of the United Nations (2022). Global forest sector outlook 2050: Assessing future demand and sources of 
wood for a sustainable economy. Rome, FAO. https://openknowledge.fao.org/handle/20.500.14283/cb7274en. Accessed September 2025.

Food and Agriculture Organization of the United Nations (2022). The State of the World’s Forests 2022. Forest Pathways for Green Recovery 
and Building Inclusive, Resilient and Sustainable Economies. Rome, FAO. https://doi.org/10.4060/cb9360en. 

Food and Agriculture Organization of the United Nations (2023). Dashboard on Bioeconomy Strategies and Related Actions for Sustainable 
Development. Rome, FAO. www.fao.org/in-action/sustainable-and-circular-bioeconomy/dashboard/en. Accessed 23 July 2025.

Food and Agriculture Organization of the United Nations (2024). Bioeconomy For Sustainable Food And Agriculture: A Global Opportunity. 
Position paper. Rome, FAO.

https://environment.ec.europa.eu/news/commission-launches-consultation-eu-bioeconomy-strategy-2025-03-31_en
https://environment.ec.europa.eu/news/commission-launches-consultation-eu-bioeconomy-strategy-2025-03-31_en
https://climate.ec.europa.eu/eu-action/eu-funding-climate-action/innovation-fund/innovation-fund-projects_en
https://climate.ec.europa.eu/eu-action/eu-funding-climate-action/innovation-fund/innovation-fund-projects_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52024SC0063
https://agriculture.ec.europa.eu/common-agricultural-policy/rural-development_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1687
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1687
https://www.eib.org/en/projects/topics/energy-natural-resources/agriculture/index
https://www.eib.org/en/projects/topics/energy-natural-resources/agriculture/index
https://www.eib.org/attachments/lucalli/20240047_climate_financing_in_latin_america_and_the_caribbean_en.pdf
https://www.eib.org/attachments/lucalli/20240047_climate_financing_in_latin_america_and_the_caribbean_en.pdf
https://www.eif.org/news_centre/publications/eif-working-paper-2025-106.htm
https://www.eif.org/news_centre/publications/eif-working-paper-2025-106.htm
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R2115&qid=1748187007021
https://doi.org/10.12913/22998624/149737
https://doi.org/10.1021/acsomega.4c06579
https://alliancebioversityciat.org/publications-data/climate-smart-coffee-el-salvador
https://fontagro.minimalart.info/new/proyectos/bioeconomia/en
https://old.fontagro.org/new/uploads/adjuntos/RG-T3587_-_MPI_2022_Report.pdf
https://old.fontagro.org/new/uploads/adjuntos/RG-T3587_-_MPI_2022_Report.pdf
https://openknowledge.fao.org/items/152324b8-6d78-4d55-b61f-274649c8422d
https://openknowledge.fao.org/handle/20.500.14283/cb7274en
https://doi.org/10.4060/cb9360en
http://www.fao.org/in-action/sustainable-and-circular-bioeconomy/dashboard/en


88

Food and Agriculture Organization of the United Nations (2024a). Bioeconomy for Sustainable Food and Agriculture: A Global Opportu-
nity – Position Paper. Rome, FAO. https://doi.org/10.4060/cd1976en. 

Food and Agriculture Organization of the United Nations (2024b). The State of Food and Agriculture 2024 – Value-driven transformation 
of agrifood systems. Rome, FAO. https://doi.org/10.4060/cd2616en.

Food and Agriculture Organization of the United Nations (2024c). Report of the 29th Session of the Committee on Agriculture. Rome, FAO. 30 
September-4 October 2024.https://openknowledge.fao.org/server/api/core/bitstreams/6a819c57-9c5e-4d85-b287-a22ccb085124/content.

Food and Agriculture Organization of the United Nations (2024d). Report of the 27th Session of the Committee on Forestry. Rome, FAO. 
22-26 July 2024. https://openknowledge.fao.org/server/api/core/bitstreams/f8e9edba-1ead-4791-926f-f9b950969c66/content.

Food and Agriculture Organization of the United Nations (2025). Indicators for Sustainable bioeconomy: Towards Building a Monitoring 
and Assessment Framework. Rome, FAO. https://doi.org/10.4060/cd6761en. 

Food and Agriculture Organization of the United Nations (forthcoming 2025). Climate technologies for agrifood systems: country inter-
vention. Rome, FAO.

Food and Agriculture Organization of the United Nations and United Nations Framework Convention on Climate Change (2024). Climate 
Technologies for Agrifood Systems Transformation – Placing Food Security, Climate Change and Poverty Reduction at the Forefront. Rome, 
FAO. https://doi.org/10.4060/cd2877en.

Forest Climate Leaders’ Partnership (2025). 2023 Global Forest Finance Pledge progress report. https://forestclimateleaders.org/wp-con-
tent/uploads/2025/01/2023-GFFP-Report_final.pdf. Accessed September 2025.

Franzini, F., Toivonen, R. and Toppinen, A. (2018). Why not wood? Benefits and barriers of wood as a multistory construction material: 
Perceptions of municipal civil servants from Finland. Buildings 8(11), 159.

Funduk, M. (2022). Bioeconomy policies across the globe. In Economics, Ecology, and Policy for the Bioeconomy. Routledge.

G20 (2024) G20 High-Level Principles on Bioeconomy.  https://www.gov.br/g20/en/news/g20-reaches-consensus-and-establishes-high-lev-
el-principles-on-bioeconomy.

Gai, L., Algeri, C., Ielasi, F., and Manganiello, M. (2025). Sustainability-oriented equity crowdfunding: the role of proponents, investors, 
and sustainable development. Sustainability 17, 2188. https://doi.org/10.3390/su17052188.

Galbiati, G.M., Yoshida, M., Benni, N. and Bernoux, M. (2023). Climate-related development finance to agrifood systems. Rome, FAO.

Gámez, R. (2005). The Link Between Biodiversity and Sustainable Development: INBio’s Bioprospecting Experience in Costa Rica. https://
www.cbd.int/financial/bensharing/costarica-absinbio.pdf.

García Sánchez, G.F., Guzmán López, R.E. and Gonzalez-Lezcano, R.A. (2021). Fique as a sustainable material and thermal insulation 
for buildings: Study of its decomposition and thermal conductivity. Sustainability 13(13), 7484. https://doi.org/10.3390/su13137484.

García-López, N., Bargués-Tobella, A., Goodman, R. C., Uwingabire, S. and Ilstedt, U. (2024). An integrated agroforestry-bioenergy system for 
enhanced energy and food security in rural sub-Saharan Africa. Ambio 53(10), 1492-1504. https://doi.org/10.1007/s13280-024-02037-0.

Gardner, T. A., Benzie, M., Börner, J., Dawkins, E., Fick, S., Garrett, R., et al. (2019). Transparency and sustainability in global commodity 
supply chains. World Development 121, 163-177. https://doi.org/10.1016/j.worlddev.2018.05.025.

Gbadeyan, O.J., Muthivhi, J., Linganiso, L.Z., Deenadayalu, N. and Alabi, O.O. (2024). Biogas production and techno-economic feasibility 
studies of setting up household biogas technology in Africa: A critical review. Energy Science & Engineering 12(10), 4788-4806. https://
doi.org/10.1002/ese3.1887.

Geddafa, T., Melka, Y. and Sime, G. (2023). Cost-benefit analysis and financial viability of household biogas plant investment in South 
Ethiopia. Sustainable Energy Research 10, 20. https://doi.org/10.1186/s40807-023-00089-6.

Geels, F. (2002). Technological transitions as evolutionary reconfiguration processes - a multilevel perspective and a case study. Research 
Policy 31 (8–9): 1257-74.

Geels, F. and Schot, J. (2007). Typology of sociotechnical transition pathways. Research Policy 36 (399–417).

Geels, F.W. (2014). Regime resistance against low-carbon transitions: introducing politics and power into the multi-level perspective. 
Theory, Culture & Society 31 (5): 21–40. https://doi.org/10.1177/0263276414531627.

GFFA (2025). Deliverable 2025 GFFA: Towards Establishing the Global Bioeconomy Partnership for Sustainable Agrifood Systems. https://
msc.gffa-berlin.de/app/uploads/sites/5/2025/01/Deliverable-2025-GFFA-FAO-Project-Bioeconomy-Partnership-English.pdf.

Global Bioeconomy Summit (2024). GBS2024 Report. https://gbs2024.org/gbs-2024-report/. Accessed 8 June 2025.

https://doi.org/10.4060/cd1976en
https://doi.org/10.4060/cd2616en
https://openknowledge.fao.org/server/api/core/bitstreams/6a819c57-9c5e-4d85-b287-a22ccb085124/content
https://openknowledge.fao.org/server/api/core/bitstreams/f8e9edba-1ead-4791-926f-f9b950969c66/content
https://doi.org/10.4060/cd6761en
https://doi.org/10.4060/cd2877en
https://forestclimateleaders.org/wp-content/uploads/2025/01/2023-GFFP-Report_final.pdf?utm_source=chatgpt.com
https://forestclimateleaders.org/wp-content/uploads/2025/01/2023-GFFP-Report_final.pdf?utm_source=chatgpt.com
https://www.gov.br/g20/en/news/g20-reaches-consensus-and-establishes-high-level-principles-on-bioeconomy
https://www.gov.br/g20/en/news/g20-reaches-consensus-and-establishes-high-level-principles-on-bioeconomy
https://doi.org/10.3390/su17052188
https://www.cbd.int/financial/bensharing/costarica-absinbio.pdf
https://www.cbd.int/financial/bensharing/costarica-absinbio.pdf
https://doi.org/10.3390/su13137484
https://doi.org/10.1007/s13280-024-02037-0
https://doi.org/10.1016/j.worlddev.2018.05.025
https://doi.org/10.1002/ese3.1887
https://doi.org/10.1002/ese3.1887
https://doi.org/10.1186/s40807-023-00089-6
https://doi.org/10.1177/0263276414531627
https://msc.gffa-berlin.de/app/uploads/sites/5/2025/01/Deliverable-2025-GFFA-FAO-Project-Bioeconomy-Partnership-English.pdf
https://msc.gffa-berlin.de/app/uploads/sites/5/2025/01/Deliverable-2025-GFFA-FAO-Project-Bioeconomy-Partnership-English.pdf
https://gbs2024.org/gbs-2024-report/


89

Goess S. (2024). Carbon Markets: Which Role does Biomass Play? https://carboneer.earth/en/2024/07/carbon-markets-which-role-does-
biomass-play/. Accessed: April 2025.

Gomez San Juan, M. 2024. The bioeconomy toolbox – A guide to support the development of sustainable bioeconomy strategies and 
policies. Environment and Natural Resources Management Working Paper, No. 99. Rome, FAO. https://doi.org/10.4060/cc8856en.

Gomez San Juan, M., Harnett, S. and Albinelli, I. (2022). Sustainable and circular bioeconomy in the climate agenda: Opportunities to 
transform agrifood systems. Rome, FAO. https://doi.org/10.4060/cc2668en.

Gomez San Juan, M., Harnett, S. and Albinelli, I. (2022a). Sustainable and Circular Bioeconomy in the Biodiversity Agenda. Rome, FAO. 
https://openknowledge.fao.org/handle/20.500.14283/cc3417en.

Gómez, T.S., Zuluaga, S., Jiménez, M., Navacerrada, M.A., Barbero-Barrera, M.M., de la Prida, D., et al. (2021). Evaluation of Colombian crops 
fibrous byproducts for potential applications in sustainable building acoustics. Polymers 13(1), 101. https://doi.org/10.3390/polym13010101.

Gonzalez, D., Cantillo, J., Perez, I., Carvalho, M., Aronovich, A., Farre, M., et al. (2021). The Shipibo ceremonial use of ayahuasca to 
promote well-being: An observational study. Frontiers in Pharmacology 12, 623923. https://doi.org/10.3389/fphar.2021.623923.

Gonzalez, G.C., & Sanchez, J.I.P. (2023). Policies of bioeconomy and circular economy in Latin America: a route toward sustainability. In 
Handbook on Innovation, Society and the Environment (251-279). Edward Elgar Publishing.

Gopalakrishna, T., Visconti, P., Lomax, G. And Yowargana, P. (2024). Optimizing restoration: A holistic spatial approach to deliver Na-
ture’s Contributions to People with minimal tradeoffs and maximal equity. Proceedings of the National Academy of Sciences 121(34), 
e2402970121. https://doi.org/10.1073/pnas.2402970121.

Green Climate Fund (2023). Green Climate Fund. https://www.greenclimate.fund. Accessed April 2025.

Groundswell International. (2023). Agroecological farming in Haiti: A poverty crisis solution – Policy Brief. https://www.groundswellinter-
national.org/wp-content/uploads/2023/02/Haiti_agroecology-policy-brief_EN_26jan2023.pdf.

Park, H. and Grundmann, P. (2025). Institutional work after hype: The case of biogas in Germany. Energy Research and Social Science, 
119, 103820. https://doi.org/10.1016/j.erss.2024.103820

Guerra-Mota, M. and Aquino, T. (2024). Getting biomethane out of the shadow: a framework analysis in Portugal and Brazil. Environment, 
Development and Sustainability. https://doi.org/10.1007/s10668-024-05182-4.

Guo, M., Wu, C., Chapman, S., Yu, X., Vinestock, T., Hastings, A., et al. (2023)., Advances in biorenewables-resource-waste systems and 
modelling. Carbon Capture Science & Technology 9, 100142. https://doi.org/10.1016/j.ccst.2023.100142

Gupta, S.R., Dagar, J.C., Sileshi, G.W. and Chaturvedi, R.K. (2023). Agroforestry for Climate Change Resilience in Degraded Landscapes. Agro-
forestry for Sustainable Intensification of Agriculture in Asia and Africa (121–174). Springer. https://doi.org/10.1007/978-981-19-4602-8_5.

Gustavsson, L. Nugyen, T., Sathre, R. and Tettey, U.Y.A. (2021). Climate effects of forestry and substitution of concrete buildings 
and fossil energy. Renewable and Sustainable Energy Reviews 136, 110435. https://www.sciencedirect.com/science/article/pii/
S136403212030722X.

Haarich, S., Kirchmayr-Novak, S., Borzacchiello, M.T., Sanchez Lopez, J. and Avraamides, M. (2022). Bioeconomy strategy development 
In EU regions. Journal of Cleaner Production 461, 142565, ISSN 0959-6526. https://data.europa.eu/doi/10.2760/065902.

Hallberg-Sramek, I., Frischbier, N., Bowditch, E., et al. (2022). Bringing “Climate-Smart Forestry” Down to the Local Level—Identifying 
Barriers, Pathways and Indicators for Its Implementation in Practice. Forests 13(1), 98. https://doi.org/10.3390/f13010098.

Harju, C. (2022). The perceived quality of wooden building materials: A systematic literature review and future research agenda. Interna-
tional Journal of Consumer Studies 46(1), 29-55.

Harris, N. L., Gibbs, D. A., Baccini, A., Birdsey, R. A., Bruin, S. de, Farina, M., et al. (2021). Global maps of twenty-first century forest 
carbon fluxes. Nature Climate Change 11(3), 234–240. https://doi.org/10.1038/s41558-020-00976-6.

Hennig, C., Olsson, O., Thrän, D. and Mäki, E. (2023). BECCUS and flexible bioenergy – finding the balance. IEA Bioenergy Task 44. 
https://www.ieabioenergy.com/wp-content/uploads/2021/05/Hennig-Olsson-2023-Bio-CCUS-and-flexibility_final_for-upload.pdf.

Henry, G., Hodson, E., Aramendis, R., Trigo, E. and Rankin, S. (2017). Bioeconomy: An engine for integral development of Colombia. 
International Center for Tropical Agriculture (CIAT). https://alliancebioversityciat.org/publications-data/bioeconomy-engine-integral-devel-
opment-colombia.

Honorato-Salazar, J. A. and Aburto, J. (2021). Agave and opuntia species as sustainable feedstocks for bioenergy and byproducts. Sus-
tainability 13(2). https://doi.org/10.3390/su13020378.

Hoque, M.M. (2024). Crowdfunding for innovation: a comprehensive empirical review. Future Business Journal 10, 102 (2024). https://
doi.org/10.1186/s43093-024-00387-5.

https://carboneer.earth/en/2024/07/carbon-markets-which-role-does-biomass-play/
https://carboneer.earth/en/2024/07/carbon-markets-which-role-does-biomass-play/
https://doi.org/10.4060/cc8856en
https://openknowledge.fao.org/handle/20.500.14283/cc3417en
https://doi.org/10.3390/polym13010101
https://doi.org/10.3389/fphar.2021.623923
https://doi.org/10.1073/pnas.2402970121
https://www.greenclimate.fund
https://www.groundswellinternational.org/wp-content/uploads/2023/02/Haiti_agroecology-policy-brief_EN_26jan2023.pdf
https://www.groundswellinternational.org/wp-content/uploads/2023/02/Haiti_agroecology-policy-brief_EN_26jan2023.pdf
https://doi.org/10.1016/j.erss.2024.103820
https://doi.org/10.1007/s10668-024-05182-4
https://doi.org/10.1016/j.ccst.2023.100142
https://doi.org/10.1007/978-981-19-4602-8_5
https://www.sciencedirect.com/science/article/pii/S136403212030722X
https://www.sciencedirect.com/science/article/pii/S136403212030722X
https://data.europa.eu/doi/10.2760/065902
https://doi.org/10.3390/f13010098.
https://doi.org/10.1038/s41558-020-00976-6
https://www.ieabioenergy.com/wp-content/uploads/2021/05/Hennig-Olsson-2023-Bio-CCUS-and-flexibility_final_for-upload.pdf
https://alliancebioversityciat.org/publications-data/bioeconomy-engine-integral-development-colombia
https://alliancebioversityciat.org/publications-data/bioeconomy-engine-integral-development-colombia
https://doi.org/10.3390/su13020378
https://doi.org/10.1186/s43093-024-00387-5
https://doi.org/10.1186/s43093-024-00387-5


90

Howden, S.M., J. Soussana, F.N. Tubiello, N. Chhetri, M. Dunlop and H. Meinke (2007). Adapting agriculture to climate change. Proceed-
ings of the National Academy of Sciences 104 (50) 19691-19696, https://doi.org/10.1073/pnas.0701890104.

Hrdlicka, T., Cupal, M., and Komosna, M. (2022). Wood vs. brick: Impact on investment costs of houses. Journal of Building Engineering 
49, 104088.

Hu, M. (2023). Exploring low-carbon design and construction techniques: lessons from vernacular architecture. Climate 11(8), 165.

Hurlbert, M., Krishnaswamy, J., Davin, E., Johnson, F.X., Mena, C.F., Morton, J. et al. (2019). Risk management and decision making in 
relation to sustainable development. Climate Change and Land: an IPCC special report on climate change, desertification, land degradation, 
sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems. Shukla, P.R., Skea, J., Calvo Buendia, 
E., Masson-Delmotte, V., Pörtner, H.O., Roberts, D.C. et al. (eds.). https://doi.org/10.1017/9781009157988.009.

ICMA (2023). Sustainability-Linked Bond Principles: Voluntary Process Guidelines. https://www.icmagroup.org/assets/documents/Sustain-
able-finance/2023-updates/Sustainability-Linked-Bond-Principles-June-2023-220623.pdf?utm_source=chatgpt.com. Accessed May 2025.

IDB (2024). IDB and IDB Invest Approved Over $2 Billion for Biodiversity in 2023. Interamerican Development Bank. https://www.iadb.
org/en/news/idb-and-idb-invest-approved-over-2-billion-biodiversity-2023#:~:text=Cali%2C%20Colombia%20%E2%80%93%20The%20
Inter%2D,standard%20of%20nature%2Dpositive%20financing. 

IDB Invest (2024). Natura’s Sustainability-Linked Bond focused on bio-ingredients from Amazonian socio-biodiversity. https://www.idbin-
vest.org/en/news-media/idb-invest-supports-natura-sustainability-linked-bond-focused-bio-ingredients-amazon.

IEA Bioenergy (n.d.). Facilities. https://www.ieabioenergy.com/installations/

Igwebuike, C. M., Awad, S. and Andrès, Y. (2024). Renewable energy potential: Second-generation biomass as feedstock for bioethanol 
production. Molecules 29(7), 1619. https://doi.org/10.3390/molecules29071619.

Immerzeel, D.J., Verweij, P.A., van der Hilst, F. and Faaij A.P.C. (2014). Biodiversity impacts of bioenergy crop production: a state-of-the-
art review. GCB Bioenergy 6 (3): 183–209. https://doi.org/10.1111/gcbb.12067.

India (2023). Scheme Guidelines for Central Sector Scheme of Financing facility under Agriculture Infrastructure Fund. https://schemes.
vikaspedia.in/viewcontent/schemesall/schemes-for-farmers/agriculture-infrastructure-fund?lgn=en.

India (2024). Launch of National Mission on Natural Farming. https://pib.gov.in/PressReleasePage.aspx?PRID=2077094. Accessed June 2025.

India, Department of Biotechnology, Ministry of Science and Technology (2021). Climate Resilient Agriculture: Status, Strategies and Way 
Forward. https://bmi.dbtindia.gov.in/pdf/Climate%20Resilient%20Agriculture.pdf.

IndiaBioscience (2025). Climate Resilient Agriculture for Fostering High Performance Biomanufacturing under BioE3 Policy. https://
indiabioscience.org/grants/climate-resilient-agriculture-for-fostering-high-performance-biomanufacturing-under-bioe3-policy.

Intergovernmental Panel on Climate Change 2018. Global warming of 1.5°C: An IPCC Special Report on the impacts of global warming of 
1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response 
to the threat of climate change, sustainable development, and efforts to eradicate poverty. V. Masson-Delmotte, P. Zhai, H.-O. Pörtner, D. 
Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. 
Gomis, E. Lonnoy, T. Maycock, M. Tignor & T. Waterfield (eds.). Cambridge: Cambridge University Press. 616 pp. Available at: https://doi.
org/10.1017/9781009157940

Intergovernmental Panel on Climate Change (2000). Methodological and Technological Issues in Technology Transfer: A Special Report 
of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press. Available at: https://www.ipcc.ch/report/srttr/

Intergovernmental Panel on Climate Change (2021). Climate Change 2021: The Physical Science Basis. Working Group I Contribution 
to the IPCC Sixth Assessment Report (AR6). Cambridge and New York, NY: Cambridge University Press. doi101017/9781009157896. 
https://www.ipcc.ch/report/ar6/wg1/.

Intergovernmental Panel on Climate Change, (2022a). Climate Change 2022: Mitigation of Climate Change. Contribution of Working Group 
III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press. Available 
at: https://www.ipcc.ch/report/ar6/wg3/ [Accessed 13 Oct. 2025].

Intergovernmental Panel on Climate Change, (2022b). Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of 
Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University 
Press. Available at: https://www.ipcc.ch/report/ar6/wg2/ [Accessed 13 Oct. 2025]. 

Intergovernmental Panel on Climate Change (2022c). Climate Change and Land: IPCC Special Report on Climate Change, Desertification, 
Land Degradation, Sustainable Land Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial Ecosystems. Cambridge Uni-
versity Press. https://doi.org/10.1017/9781009157988.

https://doi.org/10.1073/pnas.0701890104
https://doi.org/10.1017/9781009157988.009
https://www.icmagroup.org/assets/documents/Sustainable-finance/2023-updates/Sustainability-Linked-Bond-Principles-June-2023-220623.pdf?utm_source=chatgpt.com
https://www.icmagroup.org/assets/documents/Sustainable-finance/2023-updates/Sustainability-Linked-Bond-Principles-June-2023-220623.pdf?utm_source=chatgpt.com
https://www.idbinvest.org/en/news-media/idb-invest-supports-natura-sustainability-linked-bond-focused-bio-ingredients-amazon
https://www.idbinvest.org/en/news-media/idb-invest-supports-natura-sustainability-linked-bond-focused-bio-ingredients-amazon
https://www.ieabioenergy.com/installations/
https://doi.org/10.3390/molecules29071619
https://doi.org/10.1111/gcbb.12067
https://schemes.vikaspedia.in/viewcontent/schemesall/schemes-for-farmers/agriculture-infrastructure-fund?lgn=en
https://schemes.vikaspedia.in/viewcontent/schemesall/schemes-for-farmers/agriculture-infrastructure-fund?lgn=en
https://pib.gov.in/PressReleasePage.aspx?PRID=2077094
https://bmi.dbtindia.gov.in/pdf/Climate%20Resilient%20Agriculture.pdf
https://indiabioscience.org/grants/climate-resilient-agriculture-for-fostering-high-performance-biomanufacturing-under-bioe3-policy
https://indiabioscience.org/grants/climate-resilient-agriculture-for-fostering-high-performance-biomanufacturing-under-bioe3-policy
https://www.ipcc.ch/report/ar6/wg1/h
https://doi.org/10.1017/9781009157988


91

Intergovernmental Panel on Climate Change 2023. Climate Change (2023): Synthesis Report. Contribution of Working Groups I, II and III 
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Core Writing Team, H. Lee & J. Romero (eds.). Geneva: 
IPCC. 184 pp. Available at: https://doi.org/10.59327/IPCC/AR6-9789291691647

International Renewable Energy Agency and Methanol Institute (2021). Innovation Outlook: Renewable Methanol. https://www.methanol.
org/wp-content/uploads/2020/04/IRENA_Innovation_Renewable_Methanol_2021.pdf

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2018). The IPBES regional assessment report on 
biodiversity and ecosystem services for the Americas. Rice, J., Seixas, C.S., Zaccagnini, M.E., Bedoya-Gaitán, M. and Valderrama, N. 
(eds.). Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. https://www.ipbes.net/as-
sessment-reports/americas.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2024). Summary for Policymakers of the Thematic 
Assessment Report on the Interlinkages among Biodiversity, Water, Food and Health of the Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services. McElwee, P. D., Harrison, P. A., van Huysen, T. L., Alonso Roldán, V., Barrios, E., Dasgupta, P., DeCler-
ck, F., Harmácková, Z. V., Hayman, D. T. S., Herrero, M., Kumar, R., Ley, D., Mangalagiu, D., McFarlane, R. A., Paukert, C., Pengue, W. A., 
Prist, P. R., Ricketts, T. H., Rounsevell, M. D. A., Saito, O., Selomane, O., Seppelt, R., Singh, P. K., Sitas, N., Smith, P., Vause, J., Molua, 
E. L., Zambrana-Torrelio, C., and Obura, D. (eds.). IPBES secretariat, Bonn, Germany. DOI: https://doi.org/10.5281/zenodo.13850289

International Advisory Council on Global Bioeconomy (2024). Bioeconomy Globalization: Recent Trends and Drivers of National Programs 
and Policies. https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/52440fb0-f35d-11ee-9ed1-dead53a91d31/current/
document/Global_Bioeconomy_-_April_2024_IACGB.pdf.

International Advisory Council on Global Bioeconomy (2024b). International Advisory Council on Global Bioeconomy (IACGB) Communiqué. 
https://gbs2024.org/news/iacgb-communique/. 

International Bamboo and Rattan Organization. (2025). Bamboo as a nature-based solution – Regional ARAUCLIMA Project. https://www.
inbar.int/project/regional-arauclima/. Accessed 17 September 2025.

International Carbon Action Partnership (2023). Emissions Trading Worldwide, Status Report https://icapcarbonaction.com/system/files/
document/ICAP%20Emissions%20Trading%20Worldwide%202023%20Status%20Report_0.pdf Accessed September 2025.2023. Ber-
lin: International Carbon Action Partnership.  

International Energy Agency (2021). Net Zero by 2050 - A Road Map for the Global Energy Sector. https://iea.blob.core.windows.net/as-
sets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf. Accessed April 2025.

International Energy Agency (2022). Carbon Accounting for Sustainable Biofuels https://iea.blob.core.windows.net/assets/79f31c02-0efe-
41ca-ac15-9d076bf2cd29/CarbonAccountingforSustainableBiofuels.pdf.

International Energy Agency (2025a). Bioenergy T39, Biofuel news. https://task39.ieabioenergy.com/wp-content/uploads/sites/37/2025/07/
T39_67.pdf

International Energy Agency (2025b). Bioenergy with Carbon Capture and Storage. https://www.iea.org/energy-system/carbon-capture-util-
isation-and-storage/bioenergy-with-carbon-capture-and-storage. Accessed April 2025.

International Institute of Tropical Agriculture (n.d.). Making Effective Bioinputs work for Smallholder Farmers in SSA (Bio-SSA). https://
www.iita.org/iita-project/making-effective-bioinputs-work-for-smallholder-farmers-in-ssa-bio-ssa/.

International Monetary Fund (2022). Climate Change. Fossil Fuel Subsidies. https://www.imf.org/en/Topics/climate-change/energy-subsidies.

International Network for Seed-Based Restoration (2017). Xingu Seed Network in Brazil. Society for Ecological Restoration. https://ser-insr.
org/news/2017/9/15/xingu-seeds-network-in-brazil 

International Renewable Energy Agency (2024). Sustainable bioenergy pathways in Latin America: Promoting bioenergy investment and 
sustainability. https://www.irena.org/Publications/2024/Jan/Sustainable-bioenergy-pathways-in-Latin-America-Promoting-bioenergy-invest-
ment-and-sustainability.

International Renewable Energy Agency (2025).Internationale Klimaschutz Initiative (2024). Blended finance: A powerful tool to scale up 
private climate and biodiversity finance. https://www.international-climate-initiative.com. Accessed April 2025.

Ishara, G.K.K., Koliyabandara, P.A. and Samarakoon, G. (2024). Eco-friendly bio-composite sheets: A study on the utilization of banana 
peels, cassava starch, and banana stem fibers. Frontiers in Sustainability 5. https://doi.org/10.3389/frsus.2024.1410986.

Islam, M. A., Xayachak, T., Haque, N., Lau, D., Bhuitan, M., Pramanik and B.K. (2024). Impact of bioplastics on environment from its 
production to end-of-life. Process Safety and Environmental Protection. https://doi.org/10.1016/j.psep.2024.05.113.

Islam, M.T. and Hossen, M.B. (2025). Latin American Countries (LAC): An economic overview. In Economic diplomacy: Reshaping 
Bangladesh–Latin American diplomatic relations. Switzerland: Springer Nature. 45-73. https://doi.org/10.1007/978-3-031-81362-7_3.

https://www.methanol.org/wp-content/uploads/2020/04/IRENA_Innovation_Renewable_Methanol_2021.pdf
https://www.methanol.org/wp-content/uploads/2020/04/IRENA_Innovation_Renewable_Methanol_2021.pdf
https://www.ipbes.net/assessment-reports/americas
https://www.ipbes.net/assessment-reports/americas
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/52440fb0-f35d-11ee-9ed1-dead53a91d31/current/document/Global_Bioeconomy_-_April_2024_IACGB.pdf
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/52440fb0-f35d-11ee-9ed1-dead53a91d31/current/document/Global_Bioeconomy_-_April_2024_IACGB.pdf
https://gbs2024.org/news/iacgb-communique/
https://www.inbar.int/project/regional-arauclima/
https://www.inbar.int/project/regional-arauclima/
https://icapcarbonaction.com/system/files/document/ICAP%20Emissions%20Trading%20Worldwide%202023%20Status%20Report_0.pdf
https://icapcarbonaction.com/system/files/document/ICAP%20Emissions%20Trading%20Worldwide%202023%20Status%20Report_0.pdf
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
https://iea.blob.core.windows.net/assets/79f31c02-0efe-41ca-ac15-9d076bf2cd29/CarbonAccountingforSustainableBiofuels.pdf
https://iea.blob.core.windows.net/assets/79f31c02-0efe-41ca-ac15-9d076bf2cd29/CarbonAccountingforSustainableBiofuels.pdf
https://task39.ieabioenergy.com/wp-content/uploads/sites/37/2025/07/T39_67.pdf
https://task39.ieabioenergy.com/wp-content/uploads/sites/37/2025/07/T39_67.pdf
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage/bioenergy-with-carbon-capture-and-storage
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage/bioenergy-with-carbon-capture-and-storage
https://www.iita.org/iita-project/making-effective-bioinputs-work-for-smallholder-farmers-in-ssa-bio-ssa/
https://www.iita.org/iita-project/making-effective-bioinputs-work-for-smallholder-farmers-in-ssa-bio-ssa/
https://www.imf.org/en/Topics/climate-change/energy-subsidies
https://ser-insr.org/news/2017/9/15/xingu-seeds-network-in-brazil
https://ser-insr.org/news/2017/9/15/xingu-seeds-network-in-brazil
https://www.irena.org/Publications/2024/Jan/Sustainable-bioenergy-pathways-in-Latin-America-Promoting-bioenergy-investment-and-sustainability
https://www.irena.org/Publications/2024/Jan/Sustainable-bioenergy-pathways-in-Latin-America-Promoting-bioenergy-investment-and-sustainability
https://www.international-climate-initiative.com/
https://doi.org/10.3389/frsus.2024.1410986
https://doi.org/10.1016/j.psep.2024.05.113
https://doi.org/10.1007/978-3-031-81362-7_3


92

Jagoe, K., Rossanese, M., Charron, D., Rouse, J., Waweru, F., Waruguru, M., Delapena, S., Piedrahita, R., Livingston, K. and Ipe, J. (2020). 
Sharing the burden: Shifts in family time use, agency and gender dynamics after introduction of new cookstoves in rural Kenya. Energy 
Research & Social Science, 64, p.101413. doi:https://doi.org/10.1016/j.erss.2019.101413.

Javed, M. U., Mukhtar, H., Hayat, M. T., Rashid, U., Mumtaz, M. W. and Ngamcharussrivichai, C. (2022). Sustainable processing of algal 
biomass for a comprehensive biorefinery. Journal of Biotechnology 352, 47-58. https://doi.org/10.1016/j.jbiotec.2022.05.009.

Johnson, F.X., Bößner, S., Diaz-Chavez, R. and Bastos Lima, M.G. (2025). Bioeconomy visions, strategies, policies, and governance across 
different world regions. In The Handbook of Bioeconomy. Viaggi (ed.). Elgar Publishing. Chapter 4. https://www.elgaronline.com/edcollchap/
book/9781800373495/chapter4.xml.

Johnson, F.X., Canales, N., Fielding, M., Gladkyhk, G., Aung, M.T., Bailis, R. et al. (2022). A comparative analysis of bioeconomy visions 
and pathways based on stakeholder dialogues in Colombia, Rwanda, Sweden, and Thailand. Journal of Environmental Policy & Planning 
24 (6): 680–700. https://doi.org/10.1080/1523908X.2022.2037412.

Johnson, F.X., Feltran-Barbieri, R., Roncada Jr., Brandão, H., Leknoi, J., Surapolchal, P., et al. (2024). The Social Dimensions of Alternative 
Bioeconomy Pathways and Sustainable Use of Biodiversity. T20/G20 Policy Brief. https://www.sei.org/publications/social-dimensions-al-
ternative-bioeconomy-pathways-sustainable-use-biodiversity/.

Jordan, A., Wurzel, R.K.W. and Zito, A.R. (2003). ‘New’ instruments of environmental governance: patterns and pathways of change. 
Environmental Politics 12 (1): 1–24. https://doi.org/10.1080/714000665.

Käfer P. and de Aragão Fernandes P. (2024). Amazon Food & Forest Bioeconomy Financing Initiative. The Climate Policy Initiative.https://
www.climatepolicyinitiative.org/publication/amazon-foodforest-bioeconomy-financing-initiative/. Accessed: May 2025.

Kappe, K., Mikaelsson, M.A. and Krustok, I. (2025). The EU Green Deal in Turbulent Times: Insights from the EU Green Policy Tracker 
from Sweden and Estonia. https://doi.org/10.51414/sei2025.017.

Karimi M., Simsek H. and Kheiralipour K. (2025). Advanced biofuel production: A comprehensive techno-economic review of pathways 
and costs. Energy Conversion and Management 25, 2025, 100863.

Kayo, C., Dente, S.M., Aoki-Suzuki, C., Tanaka, D., Murakami, S. and Hashimoto, S. (2019). Environmental impact assessment of wood 
use in Japan through 2050 using material flow analysis and life cycle assessment. Journal of Industrial Ecology 23(3), 635-648.

Kennedy, C. M., Fariss, B., Oakleaf, J., Garnett, S. T., Fernández-Llamazares, Á., Fa, J., Baruch-Mordo, S., & Kiesecker, J. (2023). Indige-
nous Peoples’ lands are threatened by industrial development; conversion risk assessment reveals need to support Indigenous stewardship. 
One Earth, 6(1), 1–18. https://doi.org/10.1016/j.oneear.2023.07.006 

Kenya (2007). Kenya Vision 2030. https://ieakenya.or.ke/download/kenya-vision-2030-popular-version/.

Kenya (2016). Climate Change Act 2016. https://kenyalaw.org/kl/fileadmin/pdfdownloads/Acts/ClimateChangeActNo11of2016.pdf 

Kenya (2016). Forest Conservation and Management Act. https://faolex.fao.org/docs/pdf/ken160882.pdf

Kenya (2018). National Climate Change Action Plan. https://ke.chm-cbd.net/sites/ke/files/2024-01/NCCAP-2018-2022-Online--1.pdf.

Kenya (2018). National Energy Policy. https://repository.kippra.or.ke/server/api/core/bitstreams/f4cc6302-0e3d-4e1c-970d-9de5f-
5ba3227/content.

Kenya (2021). National Solid Waste Management Policy. https://repository.kippra.or.ke/server/api/core/bitstreams/e6f510d8-ee12-49d9-
85cb-b507210afbed/content.

Kenya, (2019). Energy Act. Kenya Gazette CXXI (37). https://new.kenyalaw.org/akn/ke/act/2019/1/eng@2019-03-29#part_IV__sec_75.

Kenya, Ministry of Agriculture, Livestock and Fisheries (2017). Climate Smart Agriculture Strategy. https://repository.kippra.or.ke/server/
api/core/bitstreams/e6f510d8-ee12-49d9-85cb-b507210afbed/content.

Ketuama, C.T. and Roubík, H. (2024). Economic viability and factors affecting farmers’ willingness to pay for adopting small-scale 
biogas plants in rural areas of Cameroon. Renewable Energy 230, 120895. https://doi.org/10.1016/j.renene.2024.120895 https://doi.
org/10.1016/j.renene.2024.120895I 

Khandelwal, K., Seraj, S., Nanda, S., Azargohar, R. and Dalai, A.K.. (2024). Subcritical water conversion of biomass to biofuels, chemicals 
and materials: a review. Environmental Chemistry Letters 22 (5): 2191–2211. https://doi.org/10.1007/s10311-024-01750-2.

Kpalo, S.Y., Zainuddin, M.F. and Manaf, L.A. (2022). Techno-economic viability assessment of a household-scale agricultural residue 
composite briquette project (Nigeria). Sustainability 14(15), 9399. https://doi.org/10.3390/su14159399.

Kpalo, S.Y., Zainuddin, M.F., Manaf, L.A. and Roslan, A.M. (2020). A review of technical and economic aspects of biomass briquetting. 
Sustainability 12(11), 4609. https://doi.org/10.3390/su12114609.

https://doi.org/10.1016/j.jbiotec.2022.05.009
https://www.elgaronline.com/edcollchap/book/9781800373495/chapter4.xml
https://www.elgaronline.com/edcollchap/book/9781800373495/chapter4.xml
https://doi.org/10.1080/1523908X.2022.2037412
https://www.sei.org/publications/social-dimensions-alternative-bioeconomy-pathways-sustainable-use-biodiversity/
https://www.sei.org/publications/social-dimensions-alternative-bioeconomy-pathways-sustainable-use-biodiversity/
https://doi.org/10.1080/714000665
https://www.climatepolicyinitiative.org/publication/amazon-foodforest-bioeconomy-financing-initiative/
https://www.climatepolicyinitiative.org/publication/amazon-foodforest-bioeconomy-financing-initiative/
https://doi.org/10.51414/sei2025.017
https://doi.org/10.1016/j.oneear.2023.07.006
https://ieakenya.or.ke/download/kenya-vision-2030-popular-version/
https://kenyalaw.org/kl/fileadmin/pdfdownloads/Acts/ClimateChangeActNo11of2016.pdf
https://faolex.fao.org/docs/pdf/ken160882.pdf
https://ke.chm-cbd.net/sites/ke/files/2024-01/NCCAP-2018-2022-Online--1.pdf
https://repository.kippra.or.ke/server/api/core/bitstreams/f4cc6302-0e3d-4e1c-970d-9de5f5ba3227/content
https://repository.kippra.or.ke/server/api/core/bitstreams/f4cc6302-0e3d-4e1c-970d-9de5f5ba3227/content
https://repository.kippra.or.ke/server/api/core/bitstreams/e6f510d8-ee12-49d9-85cb-b507210afbed/content
https://repository.kippra.or.ke/server/api/core/bitstreams/e6f510d8-ee12-49d9-85cb-b507210afbed/content
https://repository.kippra.or.ke/server/api/core/bitstreams/e6f510d8-ee12-49d9-85cb-b507210afbed/content
https://repository.kippra.or.ke/server/api/core/bitstreams/e6f510d8-ee12-49d9-85cb-b507210afbed/content
https://doi.org/10.1016/j.renene.2024.120895I
https://doi.org/10.1016/j.renene.2024.120895I
https://doi.org/10.1007/s10311-024-01750-2
https://doi.org/10.3390/su14159399
https://doi.org/10.3390/su12114609


93

Kulikova, Y., Ilinykh G., Sliusar, N., Babich, O. and Bassyouni, M. (2024). Life cycle assessments of biofuel production from beach-cast 
seaweed by pyrolysis and hydrothermal liquefaction. Energy Conversion and Management X (23), 100647.

Kuyah, S., Buleti, S., Dimobe, K. Nkurunziza, L. Moussa, S., Muthuri, C. et al. (2023). Farmer-Managed Natural Regeneration in Africa: 
Evidence for Climate Change Mitigation and Adaptation in Drylands. Agroforestry for Sustainable Intensification of Agriculture in Asia and 
Africa, 53-88. Springer. https://doi.org/10.1007/978-981-19-4602-8_3.

Lago-Olveira, S., Arias, A., Rebolledo-Leiva, R., Feijoo, G., González-García, S. and Moreira, M.T. (2024). Monitoring the bioeconomy: value 
chains under the framework of life cycle assessment indicators. Cleaner and Circular Bioeconomy 7: 100072. https://doi.org/10.1016/j.
clcb.2024.100072.

Lähtinen, K., Häyrinen, L., Roos, A., Toppinen, A., Aguilar, F., Thorsen, et al. (2021). Consumer housing values and prejudices against 
living in wooden homes in the Nordic region. Silva Fennica 55(2), 10503. 

Lal, R. (2011). Soil Carbon Sequestration: SOLAW Background Thematic Report–TR04B. FAO. https://www.fao.org/fileadmin/templates/
solaw/files/thematic_reports/TR_04b_web.pdf.

Lal, R. (2020) Regenerative agriculture for food and climate. Journal of Soil and Water Conservation 75(5), 123A-124A. https://doi.
org/10.2489/jswc.2020.0620A.

Lautala, P.T., Hilliard, M.R., Webb, E., Busch, I., Hess, J.R., Roni, M.S., et al. (2015). Opportunities and challenges in the design and 
analysis of biomass supply chains. Environmental Management 56 (6): 1397–415. https://doi.org/10.1007/s00267-015-0565-2.

Lefebvre, D., Williams, A., Meersmans, J., Kirk, G. J. D., Sohi, S., Goglio, P. and Smith, P. (2020). Modelling the potential for soil carbon seques-
tration using biochar from sugarcane residues in Brazil. Scientific Reports 10, Article 19479. https://doi.org/10.1038/s41598-020-76470-y.

Lehne, J. and Preston, F. (2022). Making Concrete Change: Innovation in Low-carbon Cement and Concrete. Chatham House Report. 
https://www.chathamhouse.org/2018/06/making-concrete-change-innovation-low-carbon-cement-and-concrete.

Lessmann, M., Ros, G. H., Young, M. D. and de Vries, W. (2022). Global variation in soil carbon sequestration potential through improved 
cropland management. Global Change Biology 28(3), 1162–1177. https://doi.org/10.1111/gcb.15954.

Levavasseur, F., Martin, L., Boros, L., Cadiou, J., Carozzi, M., Martin, P. and Houot, S. (2023). Land cover changes with the development 
of anaerobic digestion for biogas production in France. GCB Bioenergy 15(4), 630-641. https://doi.org/10.1111/gcbb.13042.

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

Li, L., Xu, H., Zhang, Q., Zhan, Z., Liang, X. and Xing, J. (2024). Estimation methods of wetland carbon sink and factors influencing 
wetland carbon cycle: a review. Carbon Research 3, (50). https://doi.org/10.1007/s44246-024-00135-y.

Li, W. and Wright, M. (2020). Negative emission energy production technologies: a techno-economic and life cycle analyses review. Energy 
Technology November 2020,  https://doi.org/10.1002/ente.201900871.

Libert-Amico, A., Duchelle, A. E., Cobb, A., Peccoud, V. and Djoudi, H. (2022). Forest-based adaptation: Transformational adaptation 
through forests and trees. Rome, FAO. https://doi.org/10.4060/cc2886en.

Lilavanichakul, A. and Rangrong Y. (2023). Development of Bioplastics from Cassava toward the Sustainability of Cassava Value Chain in 
Thailand. Sustainability 15 (20): 14713. https://doi.org/10.3390/su152014713.

Liu, X., Wang, M., Qin, Z., Mueller, S. and Dunn, J. B. (2023). Life cycle greenhouse gas emissions of Brazilian sugar cane ethanol. En-
vironmental Science & Technology 57(22), 11814-11822. https://doi.org/10.1021/acs.est.2c08488.

López Soto, D., Mejdalani, A., Nogales, A., Tolmasquim, M. and Hallack, M. (2019). Advancing the policy design and regulatory frame-
work for renewable energies in Latin America and the Caribbean for grid-scale and distributed generation. Inter-American Development 
Bank. https://publications.iadb.org/publications/english/document/Advancing_the_Policy_Design_and_Regulatory_Framework_for_Renew-
able_Energies_in_Latin_America_and_the_Caribbean_for_Grid-scale_and_Distributed_Generation.pdf.

Løvenskiold, A. C., Hu, X., Zhao, W. and Cherubini, F. (2022). Comparing the climate change mitigation potentials of alternative land uses: 
Crops for biofuels or biochar vs. natural regrowth. Geography and Sustainability 3(4), 347-357. https://doi.org/10.1016/j.geosus.2022.11.004.

Lubell, M. and Morrison, T.H. (2021). Institutional navigation for polycentric sustainability governance. Nature Sustainability 4 (8): 
664–71. https://doi.org/10.1038/s41893-021-00707-5.

Luo, Zhao, Z.T., Ding, J., Yang, S.S., Yu, X.L., Bao, M.Y., Sun, H.J., Pang, J.W., Zhang, L.Y. and Ren, N.Q., (2025) Comparative review of 
carbon emissions from hydrogen production technologies: The hydrogen color characteristic of biomass-based manufacturing. Renewable 
and Sustainable Energy Reviews, 217, 115756, https://doi.org/10.1016/j.rser.2025.115756.

Lutta, A.I., Bößner, S., Johnson, F.X., Virgin, I., Trujillo, M. and Osano, P. (2024). Transnational innovation systems for bioeconomy: insights 
from cassava value chains in East Africa. Frontiers in Sustainable Food Systems 8: 1205795.

https://doi.org/10.1007/978-981-19-4602-8_3
https://doi.org/10.1016/j.clcb.2024.100072
https://doi.org/10.1016/j.clcb.2024.100072
https://www.fao.org/fileadmin/templates/solaw/files/thematic_reports/TR_04b_web.pdf
https://www.fao.org/fileadmin/templates/solaw/files/thematic_reports/TR_04b_web.pdf
https://doi.org/10.2489/jswc.2020.0620A
https://doi.org/10.2489/jswc.2020.0620A
https://doi.org/10.1007/s00267-015-0565-2
https://doi.org/10.1038/s41598-020-76470-y
https://www.chathamhouse.org/2018/06/making-concrete-change-innovation-low-carbon-cement-and-concrete
https://doi.org/10.1111/gcb.15954
https://doi.org/10.1111/gcbb.13042
https://doi.org/10.1007/978-3-319-68152-8
https://doi.org/10.1007/978-3-319-68152-8
https://doi.org/10.1007/s44246-024-00135-y
https://doi.org/10.1002/ente.201900871
https://doi.org/10.4060/cc2886en
https://doi.org/10.3390/su152014713
https://doi.org/10.1021/acs.est.2c08488
https://publications.iadb.org/publications/english/document/Advancing_the_Policy_Design_and_Regulatory_Framework_for_Renewable_Energies_in_Latin_America_and_the_Caribbean_for_Grid-scale_and_Distributed_Generation.pdf
https://publications.iadb.org/publications/english/document/Advancing_the_Policy_Design_and_Regulatory_Framework_for_Renewable_Energies_in_Latin_America_and_the_Caribbean_for_Grid-scale_and_Distributed_Generation.pdf
https://doi.org/10.1016/j.geosus.2022.11.004
https://doi.org/10.1038/s41893-021-00707-5
https://doi.org/10.1016/j.rser.2025.115756


94

Lyons, M., P. Durrant and K. Kochhar (2021), Reaching Zero with Renewables: Capturing Carbon, International Renewable Energy Agency, 
Abu Dhabi. ©IRENA 2021.

Mahla, S.K., Goga, G., Cho, H.M., Pandey, A., Dhir, A. and Gawande, S.H. (2023). Separate effect of biodiesel, n-butanol, and biogas 
on performance and emission characteristics of diesel engine: A review. Biomass Conversion and Biorefinery 13, 447–469. https://doi.
org/10.1007/s13399-020-01056-7.

Mal, M., Zhu, H. and Johnson, F.X.. (2024). Prospects and Challenges for Implementing Land-Based Climate Change Mitigation in Support 
of Carbon Dioxide Removal in China. https://doi.org/10.51414/sei2024.003.

Manju Prem, S., Jayalekshmi, G., Mohanraj, M., Mohamed Ase, M. and Manobharathi, K. (2024). National innovations in climate resilient 
agriculture (NICRA): the reservoir of resilience enhancement. International Journal of Agriculture Extension and Social Development 7 (2): 
340–46. https://doi.org/10.33545/26180723.2024.v7.i2e.344.

Mascarenhas, D., Paes, A. Paes, P., De Matos Farias, L. and Lima Martins Faria, T. (2025). Minimum Price Guarantee for Sociobiodiversity 
Products in Pará, Brazil. doi: 10.1590/1982-7849rac2024240186.en.  

Matavel, C., Hoffmann, H., Rybak, C., Steinke, J., Sieber, S. and Müller, K. (2022). Understanding the drivers of food security among 
agriculture-based households in Gurué District, Central Mozambique. Agriculture & Food Security, 11(1). doi:https://doi.org/10.1186/
s40066-021-00344-3.

Mattlar, T., and Ekholm, T. (2025). The impact of bioplastics production on climate change mitigation, fossil fuels and land-use. Renewable 
and Sustainable Energy Reviews, 212, 115234. https://doi.org/10.1016/j.rser.2024.115234

Mateo-Vega, J., Potvin, C., Monteza, J., Bacorizo, J., Barrigon, J., Barrigon, R., et al. (2017). Full and effective participation of indigenous 
peoples in forest monitoring for reducing emissions from deforestation and forest degradation (REDD+): Trial in Panama’s Darién. Ecosphere 
8(2), e01635. https://doi.org/10.1002/ecs2.1635.

Matos, G.F., de Souza, D.N., Catharin, C.W., Freire, L.S. and Okigami, P.T. (2024). Brazil’s Leading Role in Second-Generation Eth-
anol Production. SENAI Institute of Technology in Automation, SENAI Goiás. https://publicacoes.softaliza.com.br/ISE/article/down-
load/11178/7520/6549.

Mattlar, T. and Ekholm, T. (2025). The impact of bioplastics production on climate change mitigation, fossil fuels and land-use. Renewable 
and Sustainable Energy Reviews 212, 115234. https://doi.org/10.1016/j.rser.2024.115234.

Maxon, M.E. (2023). Racing to be first to be second: a coordinated regulatory framework for the bioeconomy. Issues in Science and Tech-
nology. https://issues.org/coordinated-regulatory-framework-bioeconomy-maxon/.

McCarthy, J., Kulenkampff, A., Furtado, M., Gustavo, M., Luana, M., Julia, M., et al. (2025). Harnessing the bioeconomy-climate nexus 
for sustainable development. IDB Publications, ahead of print, 19 June. Amazon Region. https://doi.org/10.18235/0013576.

McGrail, C. (2023). Visiting Valhalla Macadamia Nut Farm in Antigua. https://24hourslayover.com/valhalla-macadamia-nut-farm-antigua/.

Messmann, L., Wietschel, L., Thorenz, A., and Tuma, A. (2023). Assessing the social dimension in strategic network optimization for 
a sustainable development: The case of bioethanol production in the EU. Journal of Industrial Ecology, 27(3), 760–776. https://doi.
org/10.1111/jiec.13324

Messmann, L., Wietschel, L., Thorenz, A. and Tuma, A. (2023). Assessing the social dimension in strategic network optimization for 
a sustainable development: The case of bioethanol production in the EU. Journal of Industrial Ecology 27(3), 760-776. https://doi.
org/10.1111/jiec.13324.

Mexico (2022). Updated Nationally Determined Contribution (NDC). United Nations Framework Convention on Climate Change (UNFCCC). 
https://unfccc.int/documents/624282.

Mexico, National Institute of Forestry, Agricultural and Livestock Research (INIFAP) (2021). Memoria de la XI Reunión Nacional de In-
vestigación Forestal. Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias. http://reunionescientificas2021.inifap.gob.
mx/_media/CONVOCATORIAS/MEMORIA_FORESTAL.pdf   

Michalak, H. and Michalak, K. (2024). Selected aspects of sustainable construction: contemporary opportunities for the use of timber in 
high and high-rise buildings. Energies 17(8), 1961.

Mohammadian, M., Ghanbarzadeh, B. and Almasi, H. (2025). Biodegradable carbohydrate-based films for packaging agricultural products: 
A review. Polymers 17(10), 1325. https://pubmed.ncbi.nlm.nih.gov/40430621/#full-view-affiliation-1. 

Möller, K. and Müller, T. (2012). Effects of anaerobic digestion on digestate nutrient availability and crop growth: A review. Engineering 
in Life Sciences 12(3), 242-257. https://doi.org/10.1002/elsc.201100085.

Mora, G. (2023). Meet the Indigenous engineer upcycling tequila waste into sustainable housing. Modern Farmer. https://modernfarmer.
com/2023/04/meet-the-indigenous-engineer-upcycling-tequila-waste-into-sustainable-housing/.

https://doi.org/10.1007/s13399-020-01056-7
https://doi.org/10.1007/s13399-020-01056-7
https://doi.org/10.51414/sei2024.003
https://doi.org/10.33545/26180723.2024.v7.i2e.344
https://doi.org/10.1016/j.rser.2024.115234
https://doi.org/10.1002/ecs2.1635
https://publicacoes.softaliza.com.br/ISE/article/download/11178/7520/6549
https://publicacoes.softaliza.com.br/ISE/article/download/11178/7520/6549
https://doi.org/10.1016/j.rser.2024.115234
https://issues.org/coordinated-regulatory-framework-bioeconomy-maxon/
https://doi.org/10.18235/0013576
https://24hourslayover.com/valhalla-macadamia-nut-farm-antigua/
https://doi.org/10.1111/jiec.13324
https://doi.org/10.1111/jiec.13324
https://doi.org/10.1111/jiec.13324
https://doi.org/10.1111/jiec.13324
https://unfccc.int/documents/624282
http://reunionescientificas2021.inifap.gob.mx/_media/CONVOCATORIAS/MEMORIA_FORESTAL.pdf
http://reunionescientificas2021.inifap.gob.mx/_media/CONVOCATORIAS/MEMORIA_FORESTAL.pdf
https://doi.org/10.1002/elsc.201100085
https://modernfarmer.com/2023/04/meet-the-indigenous-engineer-upcycling-tequila-waste-into-sustainable-housing/
https://modernfarmer.com/2023/04/meet-the-indigenous-engineer-upcycling-tequila-waste-into-sustainable-housing/


95

Müller, J., 2003. Part I.2: Perspectives on Technological Transformation: A Conceptual Framework for Technological Analysis. In: J. Kuada, 
ed., Culture and Technological

Philbert Mperejekumana, Shen, L., Mohamed Saad Gaballah and Zhong, S. (2024). Exploring the potential and challenges of energy tran-
sition and household cooking sustainability in sub-sahara Africa. Renewable and Sustainable Energy Reviews, 199, pp.114534–114534. 
doi:https://doi.org/10.1016/j.rser.2024.114534.

Murken, L. and Gornott, C. (2022). The importance of different land tenure systems for farmers’ response to climate change: a systematic 
review. Climate Risk Management 35 (January): 100419. https://doi.org/10.1016/j.crm.2022.100419.

Muscat, A., de Olde, E.M., de Boer I.J.M. and Ripoll-Bosch, R. (2020). The battle for biomass: a systematic review of food-feed-fuel 
competition. Global Food Security 25: 100330. https://doi.org/10.1016/j.gfs.2019.100330.

Nandi, S., Gonela, V. and Awudu, I. (2023). A resource-based and institutional theory-driven model of large-scale biomass-based bioethanol sup-
ply chains: An emerging economy policy perspective. Biomass & Bioenergy 174, 106813. https://doi.org/10.1016/j.biombioe.2023.106813.

Nature Finance (2024). The Global Bioeconomy. URL: https://www.naturefinance.net/wp-content/uploads/2024/05/ENG-TheGlobalBio-
economy_FINAL.pdf. Accessed: June 2025.

NatureFinance and World Bioeconomy Forum (2024) Financing a Sustainable Global Bioeconomy. https://www.naturefinance.net/resourc-
es-tools/financing-sustainable-global-bioeconomy/.

Nayab, R., Imran, M., Ramzan, M., Tariq, M., Taj, M.B., Akhtar, et al. (2022). Sustainable biodiesel production via catalytic and non-cat-
alytic transesterification of feedstock materials – a review. Fuel 328:125254. https://doi.org/10.1016/j.fuel.2022.125254. 

Ngetuny, J., Hsaine, J., Mabrouki, A., Rachidi, F., El Asli, A. and Zörner, W. (2025). Assessment of agricultural residues for small-scale 
biogas plants and adoption drivers: A case study of the Fès-Meknès region in Morocco. Biomass Conversion and Biorefinery. https://doi.
org/10.1007/s13399-024-06443-y.

Nik Nurhidayu Nik Mut, N., Na, J. and Jung, J. (2024). A review on fate and ecotoxicity of biodegradable microplastics in aquatic systems: Are 
biodegradable plastics truly safe for the environment? Environmental Pollution 344, 123399. https://doi.org/10.1016/j.envpol.2024.123399.

Nkansah-Dwamena, E. (2024). Why small-scale circular agriculture is central to food security and environmental sustainability in Sub-Sa-
haran Africa: The case of Ghana. Circular Economy and Sustainability 4, 995–1019. https://doi.org/10.1007/s43615-023-00320-y.

Norway (2025). Longship goes into operation: A global breakthrough for carbon capture and storage. https://www.regjeringen.no/en/aktuelt/
longship-goes-into-operation-a-global-breakthrough-for-carbon-capture-and-storage/id3109272/ Accessed September 2025.

Nygaard, I. & Hansen, U., (2015). Overcoming Barriers to the Transfer and Diffusion of Climate Technologies. 2nd ed. Roskilde: UNEP 
DTU Partnership.

Nyrud, A.Q., Heltorp, K.M.A., Roos, A., Aguilar, F.X., Lähtinen, K., Viholainen, et al. (2024). Citizens’ knowledge of and perceptions of 
multi-storey wood buildings in seven European countries. Scandinavian Journal of Forest Research 39(1), 8-19. 

Olmos, X. and Mulder, N. (2024). Bioeconomy and international trade in Latin America. In Research Handbook on the Green Economy 
(178-193). Edward Elgar Publishing.

Organisation for Economic Co-operation and Development (2009). The Bioeconomy to 2030: Designing a Policy Agenda. Paris: OECD 
Publishing. DOI: 10.1787/9789264056886-en. https://www.oecd.org/content/dam/oecd/en/publications/reports/2009/04/the-bioecono-
my-to-2030_g1gha07e/9789264056886-en.pdf.

Organisation for Economic Co-operation and Development (2018a). Making Blended Finance Work for the Sustainable Development Goals. 
Paris, OECD Publishing.

Organisation for Economic Co-operation and Development (2018b). Meeting Policy Challenges for a Sustainable Bioeconomy. Paris, OECD 
Publishing. http://dx.doi.org/10.1787/9789264292345-en. 

Organisation for Economic Co-operation and Development (2019). Innovation ecosystems in the bioeconomy. OECD Science, Technology 
and Industry. Policy Papers, No. 76. Paris, OECD Publishing https://www.oecd.org/en/publications/innovation-ecosystems-in-the-bioecon-
omy_e2e3d8a1-en.html. Accessed May 2025.

Organisation for Economic Co-operation and Development (2020), Beyond growth: towards a new economic approach. New Approaches 
to Economic Challenges. Paris, OECD Publishing. https://doi.org/10.1787/33a25ba3-en.

Organisation for Economic Co-operation and Development (2023). Carbon Management: Bioeconomy and Beyond. Paris, OECD Publishing. 
https://doi.org/10.1787/b5ace135-en. 

Organisation for Economic Co-operation and Development (2025). Development Assistance Committee (DAC). https://www.oecd.org/en/
about/committees/development-assistance-committee.html. Paris, OECD Publishing. Accessed: May 2025.

https://doi.org/10.1016/j.crm.2022.100419
https://doi.org/10.1016/j.gfs.2019.100330
https://doi.org/10.1016/j.biombioe.2023.106813
https://www.naturefinance.net/wp-content/uploads/2024/05/ENG-TheGlobalBioeconomy_FINAL.pdf
https://www.naturefinance.net/wp-content/uploads/2024/05/ENG-TheGlobalBioeconomy_FINAL.pdf
https://www.naturefinance.net/resources-tools/financing-sustainable-global-bioeconomy/
https://www.naturefinance.net/resources-tools/financing-sustainable-global-bioeconomy/
https://doi.org/10.1016/j.fuel.2022.125254
https://doi.org/10.1007/s13399-024-06443-y
https://doi.org/10.1007/s13399-024-06443-y
https://doi.org/10.1016/j.envpol.2024.123399
https://doi.org/10.1007/s43615-023-00320-y
https://www.regjeringen.no/en/aktuelt/longship-goes-into-operation-a-global-breakthrough-for-carbon-capture-and-storage/id3109272/
https://www.regjeringen.no/en/aktuelt/longship-goes-into-operation-a-global-breakthrough-for-carbon-capture-and-storage/id3109272/
https://www.oecd.org/content/dam/oecd/en/publications/reports/2009/04/the-bioeconomy-to-2030_g1gha07e/9789264056886-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2009/04/the-bioeconomy-to-2030_g1gha07e/9789264056886-en.pdf
http://dx.doi.org/10.1787/9789264292345-en
https://www.oecd.org/en/publications/innovation-ecosystems-in-the-bioeconomy_e2e3d8a1-en.html
https://www.oecd.org/en/publications/innovation-ecosystems-in-the-bioeconomy_e2e3d8a1-en.html
https://doi.org/10.1787/33a25ba3-en
https://doi.org/10.1787/b5ace135-en
https://www.oecd.org/en/about/committees/development-assistance-committee.html
https://www.oecd.org/en/about/committees/development-assistance-committee.html


96

Ortiz, N., Trujillo, M., Yepes, Y., Garzón C. and Martelo, C. (2023). Yuca: El Tesoro Escondido de Colombia Rumbo a La Revolución de 
Bioplásticos. https://www.sei.org/features/yuca-el-tesoro-escondido-de-colombia-rumbo-a-la-revolucion-de-bioplasticos/.

Othman, S., Nordin, N., Zainuddin, N. and Basha, R. K. (2020). Starch/banana pseudostem biocomposite films for potential food pack-
aging applications. BioResources 15(2), 3984–3998. https://bioresources.cnr.ncsu.edu/resources/starch-banana-pseudostem-biocompos-
ite-films-for-potential-food-packaging-applications/.

Palomo-Briones, R., López-Gutiérrez, I., Islas-Lugo, F., Galindo-Hernández, L.G., Mungía-Aguilar, D., Ricón-Pérez, J.A., et al. (2018). 
Agave bagasse biorefinery: processing and perspectives. Clean Technnologies and Environmental Policy 20: 1423. https://doi.org/10.1007/
s10098-017-1421-2. 

Park, H. and Grundmann, P. (2025). Institutional work after hype: The case of biogas in Germany. Energy Research and Social Science 
119, 103820. https://doi.org/10.1016/j.erss.2024.103820.

Park, J., Kim, S., Lee, S., Cho, M. and Lee, J. W. (2024). A virtuous cycle for thermal treatment of polyvinyl chloride and fermentation of 
lignocellulosic biomass. Applied Energy 362, 123011. https://doi.org/10.1016/j.apenergy.2024.123011.

Patel, K. and Singh, S. K. (2024). Sustainable waste management: A comprehensive life-cycle assessment of bioethanol production from rice 
straw and municipal solid waste. Environmental Science and Pollution Research 31, 5131-5136. https://doi.org/10.1007/s11356-024-34612-z.

Paustian, K., Lehmann, J., Ogle, S., Reay, D., Robertson, G. P. and Smith, P. (2016). Climate-smart soils. Nature 532(7597), 49-57. 
https://doi.org/10.1038/nature17174. 

Pelekh, N., Kees, J. and Schiefer, T. (2023). Mitigating agricultural greenhouse gas emissions in Argentina. German Environment Agency 
(UBA). https://www.umweltbundesamt.de/en/publikationen/mitigating-agricultural-greenhouse-gas-emissions.

Pender, A., Kelleher, L. and O’Neill, E. (2024). Regulation of the bioeconomy: barriers, drivers and potential for innovation in the case of 
Ireland. Cleaner and Circular Bioeconomy 7: 100070. https://doi.org/10.1016/j.clcb.2023.100070.

Pérez-San Martín, A., Tortosa, G., Bustamante, M. Á., González, A. and Curaqueo, G. (2025). Composting salmon farming sludge: A 
potential soil amendment with a focus on the circular economy approach. Journal of Soil Science and Plant Nutrition 25, 5313-5322. 
https://doi.org/10.1007/s42729-025-02465-1.

Peru (2020). First Nationally Determined Contribution (Updated submission). United Nations Framework Convention on Climate Change 
(UNFCCC). https://unfccc.int/documents/499569.

Pessarrodona, A., Franco-Santos, R. M., Wright, L. S., Vanderklift, M. A., Howard, J., Pidgeon, E., et al. (2023). Carbon sequestration and climate 
change mitigation using macroalgae: a state of knowledge review. Biological Reviews 98(6), 1945–1971. https://doi.org/10.1111/brv.12990.

Philips K., Dewar A., Clayton C., Porsborg-Smith A. and Murray L. (2024). The Big Opportunities in Biogenic Emissions. Boston Consulting 
Group (BCG). https://www.bcg.com/publications/2024/big-opportunities-in-biogenic-emissions. Accessed: April 2025.

Phillip, E., Langevin, J., Davis, M., Kumar, N., Walsh, A., Jumbe, V., Clifford, M., Conroy, R. and Stanistreet, D. (2023). Improved cook-
stoves to reduce household air pollution exposure in sub-Saharan Africa: A scoping review of intervention studies. PLOS ONE, [online] 
18(4), pp.e0284908–e0284908. doi:https://doi.org/10.1371/journal.pone.0284908.

Pilling, D. and Bélanger, J. (2019). The State of the World’s Biodiversity for Food and Agriculture. FAO Commission on Genetic Resources 
for Food and Agriculture.

Pohan, J. N., Kusumawati, Y. A. and Radhitanti, A. (2023). Mushroom mycelium-based biodegradable packaging material: A promising sus-
tainable solution for food industry. E3S Web of Conferences, 426, 02128.  https://www.e3s-conferences.org/articles/e3sconf/abs/2023/63/
e3sconf_icobar23_02128/e3sconf_icobar23_02128.html.

Polat, E.G. and Altınbaş, M. (2023). A review on microalgal growth stress parameters for sustainable biofuel production. Clean Technologies 
and Environmental Policy 25(8), 2469-2487. https://doi.org/10.1007/s10098-023-02535-x.

Pradhan, D., Jaiswal, S. and Jaiswal, A. K. (2022). Artificial neural networks in valorization process modeling of lignocellulosic biomass. 
Biofuels, Bioproducts and Biorefining 16(6), 1849-1868. https://doi.org/10.1002/bbb.2417.

Proestou, M., Goritz, N. and Feindt, P.H. (2025). Resilience orientation in bioeconomy policies: A global comparative analysis. Circular 
Economy and Sustainability. https://link.springer.com/article/10.1007/s43615-025-00643-y.

Pyka, A. (2017). Dedicated innovation systems to support the transformation towards sustainability: creating income opportunities and 
employment in the knowledge-based digital bioeconomy. Journal of Open Innovation: Technology, Market, and Complexity 3 (4): 1–18. 
https://doi.org/10.1186/s40852-017-0079-7.

Quadrature Climate Foundation (2025). Defossilising the Petrochemical Industry Report. https://www.qc.foundation/files/press/Defossili-
sation_Evidence_Review_2025.pdf. Accessed April 2025.

https://www.sei.org/features/yuca-el-tesoro-escondido-de-colombia-rumbo-a-la-revolucion-de-bioplasticos/
https://bioresources.cnr.ncsu.edu/resources/starch-banana-pseudostem-biocomposite-films-for-potential-food-packaging-applications/
https://bioresources.cnr.ncsu.edu/resources/starch-banana-pseudostem-biocomposite-films-for-potential-food-packaging-applications/
https://doi.org/10.1007/s10098-017-1421-2
https://doi.org/10.1007/s10098-017-1421-2
https://doi.org/10.1016/j.erss.2024.103820
https://doi.org/10.1016/j.apenergy.2024.123011
https://doi.org/10.1007/s11356-024-34612-z
https://doi.org/10.1038/nature17174
https://www.umweltbundesamt.de/en/publikationen/mitigating-agricultural-greenhouse-gas-emissions
https://doi.org/10.1016/j.clcb.2023.100070
https://doi.org/10.1007/s42729-025-02465-1
https://unfccc.int/documents/499569
https://doi.org/10.1111/brv.12990
https://www.bcg.com/publications/2024/big-opportunities-in-biogenic-emissions
https://doi.org/10.1007/s10098-023-02535-x
https://doi.org/10.1002/bbb.2417
https://link.springer.com/article/10.1007/s43615-025-00643-y
https://doi.org/10.1186/s40852-017-0079-7
https://www.qc.foundation/files/press/Defossilisation_Evidence_Review_2025.pdf
https://www.qc.foundation/files/press/Defossilisation_Evidence_Review_2025.pdf


97

Rahman, M.R., Wallin, I., Toivonen, R. and Toppinen, A. (2024). Local policy networks in support of wood-based construction: A case 
study from Joensuu, Finland. Forest Policy and Economics 163, 103225.

Rainforest Foundation US (2019). Guatecarbon Jurisdictional REDD+ Case Study. https://rainforestfoundation.org/wp-content/uploads/
EN_Guatecarbon-Jurisdictional-REDD-Case-Study-compressed.pdf.

Ramírez-Argueta, O., Orozco-Aguilar, L., Dubón Dubón, A., Díaz, F. J., Sánchez, J. and Casanoves, F. (2022). Timber growth, cacao yields, 
and financial revenues in a long-term experiment of cacao agroforestry systems in northern Honduras. Frontiers in Sustainable Food Systems 
6, Article 941743. https://doi.org/10.3389/fsufs.2022.941743.

Rasimphi, T.E., Kilonzo, B., Tjale, M.M., Tinarwo, D. and Nyamukondiwa, P. (2024). Review of implementation of biogas technology in 
rural communities of South Africa. Cogent Social Science, 10(1). https://doi.org/10.1080/23311886.2024.2419536.

Restrepo, J. D., Bottaro, G., Barci, L., Beltrán, L. M., Londoño-Behaine, M. and Masiero, M. (2024). Assessing the impacts of nature-based 
solutions on ecosystem services: A Water-Energy-Food-Ecosystems nexus approach in the Nima River sub-basin (Colombia). Forests 15(11), 
1852. https://doi.org/10.3390/f15111852.

Richards, D. and Yabar, H. (2022). Potential of renewable energy in Jamaica’s power sector: Feasibility analysis of biogas production for 
electricity generation. Sustainability 14(11), 6457. https://doi.org/10.3390/su14116457.

Richmond, M., Meattle, C., Micale, V., Oliver, P. and Padmanabhi, R. (2020). A Snapshot of Global Adaptation Investment and Tracking 
Methods. Climate Policy Initiative. https://climatepolicyinitiative.org/wp-content/uploads/2020/04/A-Snapshot-of-Global-Adaptation-In-
vestment-and-Tracking-Methods-April-2020.pdf?utm_source=chatgpt.com.

Rinn, R., Jankovský, M., Palátová, P., Garcia-Jácome, S.P., Sharp, A., Wangpakapattanawong, P. et al. (2024). Bioeconomy in countries of 
the Mekong region: stakeholder understanding and perceptions in Thailand, Vietnam, and Laos. Forest Policy and Economics 162 (May): 
103190. https://doi.org/10.1016/j.forpol.2024.103190.

Rosa L. and Gabrielli P. (2023). Achieving net-zero emissions in agriculture: a review, Environmental Research Letters 18 063002. https://
iopscience.iop.org/article/10.1088/1748-9326/acd5e8.

Rosenboom, J.-G., Langer, R. and Traverso, G. (2022). Bioplastics for a circular economy. Nature Reviews Materials 7(2), 117–137. 
https://doi.org/10.1038/s41578-021-00407-8.

Rosillo-Calle, F. and Johnson, F. (2013). Food versus Fuel: An Informed Introduction to Biofuels. Bloomsbury Publishing.

SalmonChile (2024). Décimo Informe de Sustentabilidad: Cifras récord de inversión en innovación y exportaciones. SalmonChile. https://www.sal-
monchile.cl/noticias/salmonchile-presenta-su-decimo-informe-de-sustentabilidad-con-cifras-record-de-inversion-en-innovacion-y-exportaciones/.

Sambou, M., Koné, B., Sambou, S., Niang, F., Sane, S., Diatta, M., et al. (2024). Variation of biomass carbon stock within agroforestry 
systems in the Senegalese groundnut basin. Discover Sustainability 5, 35. https://doi.org/10.1007/s43621-024-00208-3.

Sasson, A. and Malpica, C. (2018). Bioeconomy in Latin America. New Biotechnology 40, 40–45. https://doi.org/10.1016/j.nbt.2017.07.007.

Saurabh, K. and Majumdar, R. (2023). Functional Use-Based Positioning of Conventional Vehicles in Conjunction with Alternate Low-Emis-
sion Fuels. In Renewable Fuels for Sustainable Mobility (97-159). Springer. https://doi.org/10.1007/978-981-99-1392-3_5.

Scapini, T., Bonatto, C., Dalastra, C., Bazoti, S. F., Alves Júnior, S. L., Fongaro, G., et al. (2023). Bioethanol and biomethane production from 
watermelon waste: A circular economy strategy. Biomass & Bioenergy 170, 106719. https://doi.org/10.1016/j.biombioe.2023.106719.

Scarlat, N., Dallemand, J. F., Monforti-Ferrario, F. and Banja, M. (2015). Bioenergy production and use in Uruguay: Current status and 
future prospects. Renewable and Sustainable Energy Reviews 48, 618–628. https://doi.org/10.1016/j.rser.2015.04.041.

Schlaile, M.P., Friedrich, J., Porst, L. and Zscheischler, J. (2025). Bioeconomy innovations and their regional embeddedness: results 
from a qualitative multiple-case study on German flagship innovations. Progress in Economic Geography 3 (1): 100044. https://doi.
org/10.1016/j.peg.2025.100044.

Science-Entrepreneur (2024). What’s hot in biomaterials, according to investors. https://www.science-entrepreneur.com/blog-posts/
whats-hot-in-biomaterials-according-to-investors. Accessed: September 2025.

ShapingBio (2024). D2.4 Report Bioeconomy Financing in Europe Analysis. ShapingBio the bioeconomy of the Future. Horizon EC project. 
https://www.shapingbio.eu/media/b5gia04g/shapingbio_d2_4_financing_await-approval.pdf. Accessed August 2025.

Sher, F., Hameed, S., Omerbegović, N.S., Chupin, A., Hai, I.U., Wang, B., et al. (2024). Cutting-edge biomass gasification technologies 
for renewable energy generation and achieving net zero emissions. Energy Conversion and Management 323, Part A,2025, https://doi.
org/10.1016/j.enconman.2024.119213.

Sibanda, T. and Uzabakiriho, J.D. (2024). Animal Manure as an Alternative Bioenergy Resource in Rural Sub-Saharan Africa: Present 
Insights, Challenges, and Prospects for Future Advancements. Energies 17(8), 1839. https://doi.org/10.3390/en17081839.

https://rainforestfoundation.org/wp-content/uploads/EN_Guatecarbon-Jurisdictional-REDD-Case-Study-compressed.pdf
https://rainforestfoundation.org/wp-content/uploads/EN_Guatecarbon-Jurisdictional-REDD-Case-Study-compressed.pdf
https://doi.org/10.3389/fsufs.2022.941743
https://doi.org/10.1080/23311886.2024.2419536
https://doi.org/10.3390/f15111852
https://doi.org/10.3390/su14116457
https://climatepolicyinitiative.org/wp-content/uploads/2020/04/A-Snapshot-of-Global-Adaptation-Investment-and-Tracking-Methods-April-2020.pdf?utm_source=chatgpt.com
https://climatepolicyinitiative.org/wp-content/uploads/2020/04/A-Snapshot-of-Global-Adaptation-Investment-and-Tracking-Methods-April-2020.pdf?utm_source=chatgpt.com
https://doi.org/10.1016/j.forpol.2024.103190
https://iopscience.iop.org/article/10.1088/1748-9326/acd5e8
https://iopscience.iop.org/article/10.1088/1748-9326/acd5e8
https://doi.org/10.1038/s41578-021-00407-8
https://www.salmonchile.cl/noticias/salmonchile-presenta-su-decimo-informe-de-sustentabilidad-con-cifras-record-de-inversion-en-innovacion-y-exportaciones/
https://www.salmonchile.cl/noticias/salmonchile-presenta-su-decimo-informe-de-sustentabilidad-con-cifras-record-de-inversion-en-innovacion-y-exportaciones/
https://doi.org/10.1007/s43621-024-00208-3
https://doi.org/10.1016/j.nbt.2017.07.007
https://doi.org/10.1007/978-981-99-1392-3_5
https://doi.org/10.1016/j.biombioe.2023.106719
https://doi.org/10.1016/j.rser.2015.04.041
https://doi.org/10.1016/j.peg.2025.100044
https://doi.org/10.1016/j.peg.2025.100044
https://www.science-entrepreneur.com/blog-posts/whats-hot-in-biomaterials-according-to-investors?utm_source=chatgpt.com
https://www.science-entrepreneur.com/blog-posts/whats-hot-in-biomaterials-according-to-investors?utm_source=chatgpt.com
https://www.shapingbio.eu/media/b5gia04g/shapingbio_d2_4_financing_await-approval.pdf
https://doi.org/10.1016/j.enconman.2024.119213
https://doi.org/10.1016/j.enconman.2024.119213
https://doi.org/10.3390/en17081839


98

Sillanpää, M. and Ncibi, C. (2017). A Sustainable Bioeconomy: The Green Industrial Revolution. Springer. https://doi.org/10.1007/978-
3-319-55637-6.

Silva, J.M., de Souza, M.P., de Filho Souza, T.A., Riva, F.R. and Borbosa, C. da S. (2022). Políticas públicas de garantia de preços mínimos 
para produtos da sociobiodiversidade (PGPMBio): Composição do custo de extração da castanha amazônica em Rondônia e Acre. Revista 
de Administração UFSM 15(1), 62-82. https://doi.org/10.5902/1983465965906. 

Silva, V.L., de Alvarenga Freire, M.T., de Almeida Oroski, F., Trentini, F., Costa, L.O. and de Batista, V G.T. (2024). Bioplastics and the role 
of institutions in the design of sustainable post-consumer solutions. Sustainability 16(12), 5029. https://doi.org/10.3390/su16125029.

Singh, C., Ford, J., Ley, D. et al. Assessing the feasibility of adaptation options: methodological advancements and directions for climate 
adaptation research and practice. Climatic Change. 162, 255–277 (2020). https://doi.org/10.1007/s10584-020-02762-x

Smith, P., Adams, J., Beerling, D. J., Beringer, T., Calvin, K. V., Fuss, S., et al. (2019). Land-Management Options for Greenhouse Gas 
Removal and Their Impacts on Ecosystem Services and the Sustainable Development Goals. Annual Review of Environment and Resources 
44(1), 255-286. https://doi.org/10.1146/annurev-environ-101718-033129.

Sobeih, M.O., Sawalha, S., Hamed, R., Ali, F. and Kim, M.P. (2025). Starch-Derived Bioplastics: Pioneering Sustainable Solutions for 
Industrial Use.  Materials 18(8), 1762. https://doi.org/10.3390/ma18081762.

Song, S., Ding, Y., Li, W., Meng, Y., Zhou, J., Gou, R. et al. (2023). Mangrove reforestation provides greater blue carbon benefit than 
afforestation for mitigating global climate change. Nature Communications 14(1), 756. https://doi.org/10.1038/s41467-023-36477-1.

Souza, M. (2025). The bioeconomy revolution: how trade fuels the green transition. Global Trade and Customs Journal 20 (5). https://
kluwerlawonline.com/api/Product/CitationPDFURL?file=Journals\GTCJ\GTCJ2025061.pdf.

Stark, N.M. and Matuana, L.M. (2021). Trends in sustainable biobased packaging materials: A mini review. Materials Today Sustainability 
15, 100084. https://doi.org/10.1016/j.mtsust.2021.100084.

Stockholm Environmental Institute (2025). Bioresource Use and Transformation for a Sustainable Bioeconomy in the Tropics: Case Studies 
from Thailand, Kenya and Colombia. Stockholm, SEI. https://www.sei.org/wp-content/uploads/2025/04/bioresource-use-transformation-bio-
economy-tropics-thailand-kenya-colombia-sei2025-014.pdf.

Strack, M., Davidson, S.J., Hirano, T. and Dunn, C. (2022). The Potential of Peatlands as Nature-Based Climate Solutions. Current Climate 
Change Report 8(3), 71-82. https://doi.org/10.1007/s40641-022-00183-9.

Streck, C., Minoli, S., Roe, S. Barry, C., Brander, M., Chiquier, S. et al. (2025) Considering durability in carbon dioxide removal strategies 
for climate change mitigation. Climate Policy 0 (0): 1-9. https://doi.org/10.1080/14693062.2025.2501267.

Sun, H. Luo, Z., Li, S. and Xue, S. (2023). Comparative life cycle assessment (LCA) of biofuel production via corn stover: fermentation to 
ethanol, pyrolysis to bio-oil, and gasification to jet fuel. Biomass Conversion and Biorefinery 13, 12809-12821.

Sutkowska, M., Stefańska, A., Vaverkova, M.D., Dixit, S. and Thakur, A. (2024). Recent advances in prefabrication techniques for biobased 
materials towards a low-carbon future: From modules to sustainability. Journal of Building Engineering 91, 109558.

Sweya, L.N., Chacha, N.T. and Saitoti, J. (2024). Briquette quality assessment from corn husk, bagasse and cassava roots using banana 
peels, wastepaper and clay soil as binders. Environmental Quality Management 33(5), 47–63. https://doi.org/10.1002/tqem.22052

Switzerland, Federal Office for the Environment (BAFU) (n.d.). Article 6 of the Paris Agreement: Implementation of climate agreements. 
https://www.bafu.admin.ch/bafu/en/home/topics/climate/klimapolitik/climate--international-affairs/staatsvertraege-umsetzung-klimauebere-
inkommen-von-paris-artikel6.html Accessed 24 September 2025.

Tagwi, A., Etongo, D., Makhumula-Nkhoma, N. and Gebresenbet, G. (2023). Participation of smallholder farmers in modern bioenergy 
value chains in Africa: Opportunities and constraints. BioEnergy Research 16, 248–262. https://doi.org/10.1007/s12155-022-10451-z.

Tang, K.H.D. and Zhou, J. (2024). Ecotoxicity of biodegradable microplastics and bio-based microplastics: A review of in vitro and in vivo 
studies. Environmental Management. https://doi.org/10.1007/s00267-024-02106-w.

Tanzer, S.E., Cummings, S.C.A., Valenti, O.M., Junginger, M. and Duden, A.S. (2025). So you want to build a BECCS plant: the patchwork 
policy context for bioelectricity with carbon capture and storage in Europe. Environmental Research Communications 7, 051008. https://
doi.org/10.1088/2515-7620/add3d5.

Teixeira, L.V., Bomtempo, J.V., Oroski, F.d.A. and Coutinho, P.L.d.A. 2023. The diffusion of bioplastics: what can we learn from poly(Lactic 
Acid)? Sustainability 15, 4699. https://doi.org/10.3390/su15064699.

The Lab (2024). Unlocking billions for climate investments in emerging markets. https://www.climatefinancelab.org/. Accessed: May 2025.

https://doi.org/10.1007/978-3-319-55637-6
https://doi.org/10.1007/978-3-319-55637-6
https://doi.org/10.5902/1983465965906
https://doi.org/10.3390/su16125029
https://doi.org/10.1007/s10584-020-02762-x
https://doi.org/10.1146/annurev-environ-101718-033129
https://doi.org/10.3390/ma18081762
https://doi.org/10.1038/s41467-023-36477-1
https://kluwerlawonline.com/api/Product/CitationPDFURL?file=Journals\GTCJ\GTCJ2025061.pdf
https://kluwerlawonline.com/api/Product/CitationPDFURL?file=Journals\GTCJ\GTCJ2025061.pdf
https://doi.org/10.1016/j.mtsust.2021.100084
https://www.sei.org/wp-content/uploads/2025/04/bioresource-use-transformation-bioeconomy-tropics-thailand-kenya-colombia-sei2025-014.pdf
https://www.sei.org/wp-content/uploads/2025/04/bioresource-use-transformation-bioeconomy-tropics-thailand-kenya-colombia-sei2025-014.pdf
https://doi.org/10.1007/s40641-022-00183-9
https://doi.org/10.1080/14693062.2025.2501267
https://doi.org/10.1002/tqem.22052
https://www.bafu.admin.ch/bafu/en/home/topics/climate/klimapolitik/climate--international-affairs/staatsvertraege-umsetzung-klimauebereinkommen-von-paris-artikel6.html
https://www.bafu.admin.ch/bafu/en/home/topics/climate/klimapolitik/climate--international-affairs/staatsvertraege-umsetzung-klimauebereinkommen-von-paris-artikel6.html
https://doi.org/10.1007/s12155-022-10451-z
https://doi.org/10.1007/s00267-024-02106-w
https://doi.org/10.1088/2515-7620/add3d5
https://doi.org/10.1088/2515-7620/add3d5
https://doi.org/10.3390/su15064699
https://www.climatefinancelab.org/


99

Tisi, J., Tondini, F., Sesa, A., & Bernardi, D. (2023) ‘Biogas production from municipal solid waste through anaerobic digestion: a sus-
tainable strategy for waste management and renewable energy generation’, Environmental Science and Pollution Research, 30(20), pp. 
53789–53804. doi:10.1007/s42768-022-00127-x.

Tittonell, P. (2014) Ecological intensification of agriculture: Sustainable by nature. Current Opinion in Environmental Sustainability 8, 
53-61. https://doi.org/10.1016/j.cosust.2014.08.006.

Többen, T., Stöver, B., Reuschel, S., Distelkamp, M. and Lutz, C. (2024). Sustainability implications of the EU’s bioeconomy transition 
along global supply chains. Journal of Cleaner Production 461. https://doi.org/10.1016/j.jclepro.2024.142565.

Tolessa, A. (2024). Current status and future prospects of small-scale household biodigesters in Sub-Saharan Africa. Journal of Energy 
1–19. https://doi.org/10.1155/2024/5596028.

Trigo, E., Henry, G. and Hodson de Jaramillo, E. (2019a). Bioeconomy Development in Latin America and the Caribbean: A Review of 
Policies and Initiatives. Inter-American Development Bank. https://doi.org/10.18235/0001732. 

Trigo, E., Henry, G. and Hodson de Jaramillo, E. (eds.). (2019b). Bioeconomy: New Framework for Sustainable Growth in Latin America. 
Pontificia Universidad Javeriana. https://agritrop.cirad.fr/592946/8/ID592946_EN.pdf.

Trimble, M. J., and R. J. van Aarde. 2012. Geographical and taxonomic biases in research on biodiversity in human-modified landscapes. 
Ecosphere 3(12):119. http://dx.doi.org/10.1890/ES12-00299.1

Trujillo, M., Denduang, B., Lutta, A., Yepes, Y. and Johnson, F. (2025). Bioresource Use and Transformation for a Sustainable Bioeconomy 
in the Tropics. https://www.sei.org/wp-content/uploads/2025/04/bioresource-use-transformation-bioeconomy-tropics-thailand-kenya-co-
lombia-sei2025-014.pdf.

Tseng, T.W.J., Robinson, B.E., Bellemare, M.F. BenYishay, A., Blackman, A., Boucher, T., et al. (2021). Influence of land tenure interventions 
on human well-being and environmental outcomes. Nature Sustainability 4 (3): 242–51. https://doi.org/10.1038/s41893-020-00648-5.

United Nations Environment Management Group (2025). Concept Note: EMG Nexus Dialogue Series on Sustainable Bioeconomy. Geneva. 
https://unemg.org/wp-content/uploads/2025/04/Concept-Note-_-EMG-Nexus-Dialogue-Series-on-Sustainable-Bioeconomy-_-16-April.pdf. 

United Nations Environment Programme (2023a). Emissions Gap Report 2023: Broken Record – Temperatures Hit New Highs, Yet World 
Fails to Cut Emissions (Again). Nairobi, UNEP. https://brasil.un.org/sites/default/files/2023-11/UNEP_EmissionsGapReport_EGR2023.pdf.

United Nations Environment Programme (2023b). Unlocking Circular Economy Finance in Latin America and the Caribbean: The Catalyst 
for a Positive

United Nations Environment Programme (2024a). Global Bioeconomy Assessment: Coordinated Efforts of Policy, Innovation, and Sustain-
ability for a Greener Future. http://www.unep-iemp.org/file/2024/04/24/1713940443921. 

United Nations Environment Programme (2024b). Emissions Gap Report 2024: No More Hot Air Please! With a Massive Gap Between Rhet-
oric and Reality, Countries Draft New Climate Commitments. UNEP, Nairobi, https://www.unep.org/resources/emissions-gap-report-2024 

United Nations Environment Programme (2024c). Case Study for the Dominican Republic: Integrated Management of the Biodiversity, 
Freshwater and Land Resources of the Higüamo River Watershed and its Associated Coastal Zone, including Mitigating Climate Change 
Impacts. Global Environment Facility (GEF) IWEco Project. https://iweco.org/sites/default/files/2024-03/IWEco_Dominican_Republic_
Case_Study_Final_March_2024.pdf.  

United Nations Climate Technology Centre and Network (2021). TA closure report. Assessment of the current status of the Circular Economy 
for developing a Roadmap in Brazil, Chile, Mexico and Uruguay. Climate Technology Centre and Network. Copengahen, Denmark. https://
www.ctc-n.org/technical-assistance/projects/assessment-current-status-circular-economy-developing-roadmap.

United Nations Climate Technology Centre and Network (2022). TA closure report: Assessment of the current status of the circular econ-
omy for developing a roadmap for each requesting country. Copengahen, Denmark. https://www.ctc-n.org/technical-assistance/projects/
assessment-current-status-circular-economy-developing-roadmap-0.

United Nations Environment Programme (2020), Financing Circularity: Demystifying Finance for Circular Economies. UNEP, Nairobi, Kenya.

United Nations Environment Programme Copenhagen Climate Center Climate Technology Progress Report, Speed and Scale for urban 
systems transformation (2023). Copenhagen, Denmark. https://unepccc.org/climate-technology-progress-reports/

United Nations Environment Programme Copenhagen Climate Center Climate Technology Progress Report, Unleashing renewable energy 
for ambitious NDCs (2024). Copenhagen, Denmark. https://unepccc.org/climate-technology-progress-reports/

United Nations Framework Convention on Climate Change (2021). The Glasgow Climate Pact: Key Outcomes from COP26. Bonn, UNFCCC. 
https://unfccc.int/sites/default/files/resource/cma2021_10_add1_adv.pdf.

https://doi.org/10.1016/j.cosust.2014.08.006
https://doi.org/10.1016/j.jclepro.2024.142565
https://doi.org/10.1155/2024/5596028
https://doi.org/10.18235/0001732
https://agritrop.cirad.fr/592946/8/ID592946_EN.pdf
https://eur02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fdx.doi.org%2F10.1890%2FES12-00299.1&data=05%7C02%7Cmohamed.jomni%40un.org%7C0b5501991e0a4d826b4708de018e1088%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638949906877508060%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=TTERihjUcsjB%2Bz%2BVkpUabRSrB9VoPX74SAue%2FM4Jtl4%3D&reserved=0
https://www.sei.org/wp-content/uploads/2025/04/bioresource-use-transformation-bioeconomy-tropics-thailand-kenya-colombia-sei2025-014.pdf
https://www.sei.org/wp-content/uploads/2025/04/bioresource-use-transformation-bioeconomy-tropics-thailand-kenya-colombia-sei2025-014.pdf
https://doi.org/10.1038/s41893-020-00648-5
https://unemg.org/wp-content/uploads/2025/04/Concept-Note-_-EMG-Nexus-Dialogue-Series-on-Sustainable-Bioeconomy-_-16-April.pdf
https://brasil.un.org/sites/default/files/2023-11/UNEP_EmissionsGapReport_EGR2023.pdf
http://www.unep-iemp.org/file/2024/04/24/1713940443921
https://www.unep.org/resources/emissions-gap-report-2024
https://iweco.org/sites/default/files/2024-03/IWEco_Dominican_Republic_Case_Study_Final_March_2024.pdf
https://iweco.org/sites/default/files/2024-03/IWEco_Dominican_Republic_Case_Study_Final_March_2024.pdf
https://www.ctc-n.org/technical-assistance/projects/assessment-current-status-circular-economy-developing-roadmap
https://www.ctc-n.org/technical-assistance/projects/assessment-current-status-circular-economy-developing-roadmap
https://www.ctc-n.org/technical-assistance/projects/assessment-current-status-circular-economy-developing-roadmap-0
https://www.ctc-n.org/technical-assistance/projects/assessment-current-status-circular-economy-developing-roadmap-0
https://unepccc.org/climate-technology-progress-reports/
https://unepccc.org/climate-technology-progress-reports/
https://unfccc.int/sites/default/files/resource/cma2021_10_add1_adv.pdf


100

United Nations Framework Convention on Climate Change (2022) Sharm el-Sheikh Implementation Plan. Revised draft decision -/CP.27. 
Bonn, UNFCCC.  https://unfccc.int/documents/621914.

United Nations Framework Convention on Climate Change (2023). Report of the Conference of the Parties Serving as the Meeting of the 
Parties to the Paris Agreement on its Fifth Session, held in the 

United Arab Emirates from 30 November to 13 December 2023. FCCC/PA/CMA/2023/16/Add.1, para. 33- 34. Bonn, UNFCCC.	  
https://unfccc.int/sites/default/files/resource/cma2023_16a01E.pdf. 

United Nations Framework Convention on Climate Change (2024). Key Standards for UN Carbon Market Finalized Ahead of COP29. 10 Oc-
tober 2024. Bonn, UNFCCC. https://unfccc.int/news/key-standards-for-un-carbon-market-finalized-ahead-of-cop29#:~:text=UNFCCC%20
Nav&text=The%20Article%206.4%20Supervisory%20Body,the%20upcoming%20COP29%20climate%20summit.&text=The%20Super-
visory%20Body%20took%20a,improve%20these%20standards%20whenever%20necessary.&text=During%20the%20five%2Dday%2-
0meeting,focused%20on%20two%20key%20standards. Accessed: June 2025.

United Nations Framework Convention on Climate Change and International Union for Conservation of Nature (2022). Innovative Approach-
es for Strengthening Coastal and Ocean Adaptation - Integrating Technology and Nature-based Solutions. United Nations Climate Change 
Secretariat. Bonn. 516c3ce4be94470cbd9c28ba44add8ec.pdf.

United Nations Trade and Development (2025). Trade in biodiversity-based products. https://unctadstat.unctad.org/EN/Biotrade.html. 
Geneva, UN Trade and Development. Accessed June 2025.

United States International Development Finance Corporation (2024). DFC Commits More Than $12 Billion in Fiscal Year 2024 to Address 
Foreign Policy and Development Priorities.. https://www.dfc.gov/media/press-releases/dfc-commits-more-12-billion-fiscal-year-2024-ad-
dress-foreign-policy-and?utm_source=chatgpt.com. Accessed: May 2025.

United States of America, Department of Energy (2022). Carbon Capture and Storage Program. https://www.energy.gov/eere/carbon-capture. 
Accessed May 2025.

United States of America, Department of Energy (2024). DOE’s Carbon Capture and Storage (CCS) and Carbon Removal Programs. https://
www.congress.gov/crs-product/IF11861. Accessed 15 September 2025.

United States of America, Department of Agriculture (2024). Corn use for ethanol expected to reach 5.45 billion bushels for both 2023–24 
and 2024–25. Ethanol Producer Magazine. https://ethanolproducer.com/articles/usda-corn-use-for-ethanol-expected-to-reach-545-billion-
bushels-for-both-2023-24-and-2024-25.

Uruguay, Ministerio de Ganadería, Agricultura y Pesca (2024). Hacia la Construcción de un Plan Nacional de Bioinsumos en Uruguay. 
https://descargas.mgap.gub.uy/OPYPA/Anuarios/Anuarioopypa2024/TP/1/TP1web/TP1-Hacialaconstruccion.pdf. 

Uruguay, Ministerio de Ganaderia, Agricultura y Pesca (2025). Decree No. 042/025. Plan Nacional de Bioinsumos. Uruguay. URL:https://
www.impo.com.uy/bases/decretos/42-2025. Accessed June 2025.

Uruguay, Ministry of Livestock, Agriculture and Fisheries (MGAP) (2025). National Bioinputs Plan. https://www.gub.uy/ministerio-ganade-
ria-agricultura-pesca/comunicacion/noticias/uruguay-aprobo-plan-nacional-bioinsumos-paso-estrategico-para-sostenibilidad.

Uruguay. (2024). Third Nationally Determined Contribution (NDC). United Nations Framework Convention on Climate Change (UNFCCC). 
https://unfccc.int/documents/624764.  

Usman M. (2024). Techno-economic and emissions comparison of waste-to-fuel via hydrothermal liquefaction, transesterification, and 
incineration. Journal of Economy and Technology 3, 2025, pages 237-250, https://doi.org/10.1016/j.ject.2024.11.002.

Vallejos, X., Hidalgo, S., González, B., and Neumann, P. (2025). Estimation of the Water Footprint of Wood Construction in Chile Using a 
Streamlined Input–Output-Based Model. Sustainability 17(3), 1061.

Van Buuren, A. and Jasper Eshuis. 2010. Knowledge governance: complementing hierarchies, networks and markets? In Knowledge Democracy: 
Consequences for Science, Politics, and Media. In ’t Veld, R.J. (ed.). Berlin, Heidelberg: Springer. https://doi.org/10.1007/978-3-642-11381-9_19.

Van Dyk S. and Saddler J. (2024). Progress in Commercialization of Biojet /Sustainable Aviation Fuels (SAF): Technologies and policies. 
IEA Bioenergy, Task 39, 2024.

Van Hoof, B., De Miguel, C. J. and Núñez Reyes, G. (2023). Scaling up circular economy initiatives in Latin America and the Caribbean 
(Project Documents No. 48835). United Nations Economic Commission for Latin America and the Caribbean (ECLAC). https://www.cepal.
org/en/publications/48835-scaling-circular-economy-initiatives-latin-america-and-caribbean.

Van Noordwijk, M. (2023). Agroforestry Matches the Evolving Climate Change Mitigation and Adaptation Agenda in Asia and Africa. In Agro-
forestry for Sustainable Intensification of Agriculture in Asia and Africa (21–52). Springer. https://doi.org/10.1007/978-981-19-4602-8_2.

Vera, I., Wicke, B., Lamers, P., Cowie, A., Repo, A., Heukels, B. et al. (2022). Land use for bioenergy: synergies and trade-offs between 
Sustainable Development Goals. Renewable and Sustainable Energy Reviews 161, 112409. https://doi.org/10.1016/j.rser.2022.112409.

https://unfccc.int/documents/621914
https://unfccc.int/sites/default/files/resource/cma2023_16a01E.pdf
https://unfccc.int/ttclear/misc_/StaticFiles/gnwoerk_static/2020_coastalzones/08d67ce24afd44c8b02826c54201bed5/516c3ce4be94470cbd9c28ba44add8ec.pdf
https://unctadstat.unctad.org/EN/Biotrade.html
https://www.dfc.gov/media/press-releases/dfc-commits-more-12-billion-fiscal-year-2024-address-foreign-policy-and?utm_source=chatgpt.com
https://www.dfc.gov/media/press-releases/dfc-commits-more-12-billion-fiscal-year-2024-address-foreign-policy-and?utm_source=chatgpt.com
https://www.energy.gov/eere/carbon-capture.
https://www.congress.gov/crs-product/IF11861
https://www.congress.gov/crs-product/IF11861
https://ethanolproducer.com/articles/usda-corn-use-for-ethanol-expected-to-reach-545-billion-bushels-for-both-2023-24-and-2024-25
https://ethanolproducer.com/articles/usda-corn-use-for-ethanol-expected-to-reach-545-billion-bushels-for-both-2023-24-and-2024-25
https://descargas.mgap.gub.uy/OPYPA/Anuarios/Anuarioopypa2024/TP/1/TP1web/TP1-Hacialaconstruccion.pdf
URL:https://www.impo.com.uy/bases/decretos/42-2025
URL:https://www.impo.com.uy/bases/decretos/42-2025
https://www.gub.uy/ministerio-ganaderia-agricultura-pesca/comunicacion/noticias/uruguay-aprobo-plan-nacional-bioinsumos-paso-estrategico-para-sostenibilidad
https://www.gub.uy/ministerio-ganaderia-agricultura-pesca/comunicacion/noticias/uruguay-aprobo-plan-nacional-bioinsumos-paso-estrategico-para-sostenibilidad
https://unfccc.int/documents/624764
https://doi.org/10.1016/j.ject.2024.11.002
https://doi.org/10.1007/978-3-642-11381-9_19
https://www.cepal.org/en/publications/48835-scaling-circular-economy-initiatives-latin-america-and-caribbean
https://www.cepal.org/en/publications/48835-scaling-circular-economy-initiatives-latin-america-and-caribbean
https://doi.org/10.1007/978-981-19-4602-8_2
https://doi.org/10.1016/j.rser.2022.112409


101

Verkerk, P.J., Hassegawa, M., Van Brusselen, J., Cramm, M., Chen, X., Maximo, Y. I., et al. (2022). Forest products in the global bioeco-
nomy – enabling substitution by wood-based products and contributing to the Sustainable Development Goals. Rome, FAO. https://doi.
org/10.4060/cb7274en Accessed September 2025.

Victorero, F. and Bustamante, W. (2025). Identifying Urban Wood Construction Trends, Global Tall Timber Building Development, and the 
Role of Wood Promotion Policies. Buildings 15(9), 1502.

Vidigal, L. P. V., de Souza, T. A. Z., da Costa, R. B. R., Roque, L. F. A., Frez, G. V., Pérez-Rangel, N. V., Pinto, G. M., Ferreira, D. J. S., Cardinali, V. 
B. A., de Carvalho, F. S., de Carvalho Jr., J. A., Mattos, A. P., Hernández, J. J., & Rodriguez Coronado, C. J. (2025). Biomethane as a fuel for energy 
transition in South America: Review, challenges, opportunities, and perspectives. Energies, 18(11), 2967. https://doi.org/10.3390/en18112967

Vijay, V., Kapoor, R., Singh, P., Hiloidhari, M. and Ghosh, P. (2022). Sustainable utilization of biomass resources for decentralized energy 
generation and climate change mitigation: A regional case study in India. Environmental Research 212, 113257. https://doi.org/10.1016/j.
envres.2022.113257.

Vijay, V., Sohi, S. P. and Smernik, R. (2021). Review of large-scale biochar field-trials for soil amendment. Frontiers in Energy Research 
9, Article 710766. https://doi.org/10.3389/fenrg.2021.710766.

Villadiego-del Villar, A.E., Sarmiento-Zea, N., León-Pulido, J. and Rojas-Pérez, L.C. (2021). Bioethanol production from yam using SSF. 
TecnoLógicas 24(50), e1724. http://scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-77992021000100116.

Virgin, I., Lutta, A., Senyangwa, J., Osano, J., Tesfaye, P., Tafesse, K., et al. (2024). The State of Bioeconomy in Eastern Africa: 2024. 
Stockholm Environment Institute, The East African Science and Technology Commission and Bioinnovate Africa. https://www.sei.org/
publications/state-of-the-bioeconomy-in-eastern-africa-2024/.

Vrabcová, P. (2024). Bioeconomy for sustainable agriculture and food production. In Bioeconomy for Sustainability. Garg, V.K. and Kataria, 
N. (eds.) 277–291. Singapore: Springer Nature. https://doi.org/10.1007/978-981-97-1837-5_12.

Wang, B., Ting, Z.J. and Zhao, M. (2024). Sustainable aviation fuels: Key opportunities and challenges in lowering carbon emissions for 
aviation industry. Carbon Capture Science & Technology Vol. 13, 100263, https://doi.org/10.1016/j.ccst.2024.100263.

Li, H., Zhang, S., Zhou, J., Wang, Z., Zhao, X. & Qiu, T. (2022). Toward carbon-neutral ethylene production: assessment of the appli-
cation potential of bio-ethylene production pathways in China. Biofuels, Bioproducts and Biorefining, 16(6), 1568–1582. https://doi.
org/10.1002/bbb.2406

Wang, M., Li, W., Zhao, F., Deng, S., Li, T., Wu, X., et al. (2025). A review on the application of starch in biodegradable mulch films. 
International Journal of Biological Macromolecules 320, Part 3, 2025, 145915, https://doi.org/10.1016/j.ijbiomac.2025.145915.

Warchold A. and Pradhan, P. (2025) Bioeconomy and sustainable development goals: How do their interactions matter?, Geography and 
Sustainability 6(3), 100293, ISSN 2666-6839, https://doi.org/10.1016/j.geosus.2025.100293.

Watson, M.J., Machado, P.G., da Silva, A.V., Saltar, Y., Ribeiro, C.O., Nascimento, C.A.O. et al. (2024). Sustainable aviation fuel technol-
ogies, costs, emissions, policies, and markets: A critical review. Journal of Cleaner Production 449, 141472. https://doi.org/10.1016/j.
jclepro.2024.141472.

Waziri, S.A., Singh, K., Maina, U.A., Jime, A., Mustapha, M., Goel, G., et al. (2024). Investigating the feasibility of agro-waste briquettes 
as a sustainable energy source in Borno State, Nigeria: pathways for post-conflict recovery. Discover Sustainability 5, 314. https://doi.
org/10.1007/s43621-024-00488-9.

Weinrich, R. and Herbes, C. (2023). Consumer research on bioplastics: A systematic review. Q Open 3(1), qoad013. https://doi.
org/10.1093/qopen/qoad013.

Weng, Z.H. and Cowie, A.L. (2025). Estimates vary but credible evidence points to gigaton-scale climate change mitigation potential of 
biochar. Communications Earth & Environment 6(1), 259. https://doi.org/10.1038/s43247-025-02228-x.

Wesseler, J. and von Braun, J. (2017). Measuring the bioeconomy: economics and policies. Annual Review of Resource Economics 9: 275–98.

Widerberg, O.E., Pattberg, P.H. and Kristensen, K.E.G. (2016). Mapping the Institutional Architecture of Global Climate Change Governance 
V.2. Vrije Universiteit Amsterdam. https://research.vu.nl/en/publications/mapping-the-institutional-architecture-of-global-climate-change-g.

Wiegand, E. and Ramage, M. (2022). The impact of policy instruments on the first generation of Tall Wood Buildings. Building Research 
and Information 50(3), 255-275.

World Bank. (2021). Mobilizing Private Finance for Nature. The World Bank. https://documents1.worldbank.org/curated/
en/791251625066253367/pdf/Mobilizing-Private Finance-for-Nature.pdf Accessed July 2025. 

World Bank (2022). Public-Private Partnerships for Carbon Sequestration Technologies. Retrieved from https://ppp.worldbank.org/library/
state-and-trends-carbon-pricing-2022.

https://doi.org/10.4060/cb7274en
https://doi.org/10.4060/cb7274en
https://doi.org/10.1016/j.envres.2022.113257
https://doi.org/10.1016/j.envres.2022.113257
https://doi.org/10.3389/fenrg.2021.710766
http://scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-77992021000100116
https://www.sei.org/publications/state-of-the-bioeconomy-in-eastern-africa-2024/
https://www.sei.org/publications/state-of-the-bioeconomy-in-eastern-africa-2024/
https://doi.org/10.1007/978-981-97-1837-5_12
https://doi.org/10.1016/j.ccst.2024.100263
https://doi.org/10.1002/bbb.2406
https://doi.org/10.1002/bbb.2406
https://doi.org/10.1016/j.ijbiomac.2025.145915
https://doi.org/10.1016/j.geosus.2025.100293
https://doi.org/10.1016/j.jclepro.2024.141472
https://doi.org/10.1016/j.jclepro.2024.141472
https://doi.org/10.1007/s43621-024-00488-9
https://doi.org/10.1007/s43621-024-00488-9
https://doi.org/10.1093/qopen/qoad013
https://doi.org/10.1093/qopen/qoad013
https://doi.org/10.1038/s43247-025-02228-x
https://research.vu.nl/en/publications/mapping-the-institutional-architecture-of-global-climate-change-g
https://documents1.worldbank.org/curated/en/791251625066253367/pdf/Mobilizing-Private%20Finance-for-Nature.pdf
https://documents1.worldbank.org/curated/en/791251625066253367/pdf/Mobilizing-Private%20Finance-for-Nature.pdf
https://ppp.worldbank.org/library/state-and-trends-carbon-pricing-2022
https://ppp.worldbank.org/library/state-and-trends-carbon-pricing-2022


102

World Bank (2025). Sustaining Forests and Strengthening Communities in Costa Rica. https://www.worldbank.org/en/news/fea-
ture/2025/03/21/proteger-bosques-fortalecer-comunidades-costa-rica.

World Bioeconomy Forum and Nature Finance (2024). Financing a Sustainable Global Bioeconomy. https://www.naturefinance.net/resourc-
es-tools/financing-sustainable-global-bioeconomy/. Accessed April 2025.

World Economic Forum (2023). What Is a Socio-Bioeconomy and How an Innovation Ecosystem Can Contribute in the Amazon Basin. 
https://www.weforum.org/stories/2023/12/unleashing-the-potential-of-the-amazon-s-socio-bioeconomy/.

World Economic Forum (2024). Accelerating the Global Transition to a Bio-based Economy: The Strategic Role of Policy. https://www3.
weforum.org/docs/WEF_Accelerating_the_Global_Transition_to_a_Bio_based_Economy_2024.pdf. 

World Economic Forum (2024a). Innovation and Adaptation in the Climate Crisis: Technology for the New Normal. https://www3.weforum.
org/docs/WEF_Innovation_and_Adaptation_in_the_Climate_Crisis_2024.pdf.

World Economic Forum (2025). From Policy to Practice: Actionable Recommendations for a Commercial Bioeconomy. White Paper. 
https://reports.weforum.org/docs/WEF_From_Policy_to_Practice_Actionable_Recommendations_for_a_Commercial_Bioeconomy_2025.pdf  
Accessed August 2025.

World Economic Forum (2025a). From Policy to Practice: Actionable Recommendations for a Commercial Bioeconomy. https://www.wefo-
rum.org/publications/from-policy-to-practice-actionable-recommendations-for-a-commercial-bioeconomy/.

Wu, N., Lan, K. and Yao, Y. (2023). An integrated techno-economic and environmental assessment for carbon capture in hydrogen produc-
tion by biomass gasification. Resources, Conservation and Recycling 188, 106693. https://doi.org/10.1016/j.resconrec.2022.106693.

Xue, Y. and Zhao, R. (2023). Assessing techno-ecological synergies in the life cycle of biofuels. In Techno-Ecology. Springer. https://asu.
elsevierpure.com/en/publications/assessing-techno-ecological-synergies-in-the-life-cycle-of-biofue

Y, C., Hytten, K. F. and Pearson, D. (2025). Community Forest Management and REDD+: Pathways to effective implementation, livelihood 
improvement, and climate change adaptation in Cambodia. Land 14(5), 1122. https://doi.org/10.3390/land14051122.

Yang, S., Liu, X., Zhao, X., Xie, L. and Liu, Y. (2023). Sorption-enhanced hydrogen production by glycerol steam reforming in a fluidized 
bed reactor. Fuel 346, 128731. https://doi.org/10.1016/j.fuel.2023.128731.

Yu, R. & Mu, Q. (2023). mplementation progress of nature-based solutions in China: a global comparative review, Nature-Based Solutions, 
4, 100075. https://doi.org/10.1016/j.nbsj.2023.100075 

Yu, S., Lew, V., Ma, W., Bao, Z. and Hao, J.L. (2022). Unlocking key factors affecting utilization of biomass briquettes in Africa through 
SWOT and analytic hierarchy process: A case of Madagascar. Fuel 323, 124298. https://doi.org/10.1016/j.fuel.2022.124298.

Yunusa, S.U., Mensah, E., Preko, K., Narra, S., Saleh, A. and Sanfo, S. (2024). A comprehensive review on the technical aspects of bio-
mass briquetting. Biomass Conversion and Biorefinery 14, 21619-21644. https://doi.org/10.1007/s13399-023-04387-3.

Zanivan, J., Bonatto, C., Scapini, T., Dalastra, C., Bazoti, S. F., Alves Júnior, S. L., Fongaro, G. and Treichel, H. (2021). Evaluation of 
bioethanol production from a mixed fruit waste by Saccharomyces cerevisiae. BioEnergy Research 14, 175–182. https://doi.org/10.1007/
s12155-021-10273-5.

Zeng, Y., Qiu, F. and Zhang, J. (2022). The impacts of observational learning and word-of-mouth learning on farmers’ use of biogas in rural 
Hubei, China: Does interpersonal trust play a role? Energy, Sustainability and Society 12, 21. https://doi.org/10.1186/s13705-022-00350-8.

Zhang, Y., Orbie, J. & Delputte, S. (2020) ‘China’s climate change policy: central–local governmental interaction’, Environmental Policy 
and Governance, 30(3), pp. 128–140. https://doi.org/10.1002/eet.1878 

Zhao, X., Wang, Y., Chen, X., Yu, X., Li, W., Zhang, S., et al. (2023). Sustainable bioplastics derived from renewable natural resources for 
food packaging. Matter 6(1), 97–127. https://doi.org/10.1016/j.matt.2022.11.006.

Zheng, Y., Liu, C., Zhu, J., Sang, Y., Wang, J., Zhao, W. et al. (2022). Carbon Footprint Analysis for Biomass-Fueled Combined Heat and 
Power Station: A Case Study. Agriculture 2022 12, 1146. https://www.mdpi.com/2077-0472/12/8/1146.

Zhu, X., Clements, R., Haggar, J., Quezada, A. and Torres, J. (2011). Technologies for Climate Change Adaptation – Agriculture Sector. 
Danmarks Tekniske Universitet, Risø Nationallaboratoriet for Bæredygtig Energi. TNA Guidebook Series.

Zuiderveen, E.A.R., Kuipers, K.J.J., Caldeira, C., Hanssen, S.V., van der Hulst, M.K., DeJonge, M.M.J., et al. (2023). The potential of 
emerging bio-based products to reduce environmental impacts. Nature Communications 14, 8521 (2023). https://doi.org/10.1038/
s41467-023-43797-9.

Zulu, L.C., Kamoto, J.F.M., Djenontin, I.N.S., Jumbe, C.B.L., Pangapanga-Phiri, I., Richardson, R.B., Subakanya, M., Nzokou, P. and 
Makungwa, S.D. (2024). Promoting cleaner cooking technologies in urban Malawi: Assessing the acceptance of pellet-fed gasifier cookstoves 
from a pilot targeted distribution model. Energy for Sustainable Development, 78, 101570. https://doi.org/10.1016/j.esd.2024.101570

https://www.worldbank.org/en/news/feature/2025/03/21/proteger-bosques-fortalecer-comunidades-costa-rica
https://www.worldbank.org/en/news/feature/2025/03/21/proteger-bosques-fortalecer-comunidades-costa-rica
https://www.naturefinance.net/resources-tools/financing-sustainable-global-bioeconomy/
https://www.naturefinance.net/resources-tools/financing-sustainable-global-bioeconomy/
https://www.weforum.org/stories/2023/12/unleashing-the-potential-of-the-amazon-s-socio-bioeconomy/
https://www3.weforum.org/docs/WEF_Accelerating_the_Global_Transition_to_a_Bio_based_Economy_2024.pdf
https://www3.weforum.org/docs/WEF_Accelerating_the_Global_Transition_to_a_Bio_based_Economy_2024.pdf
https://www3.weforum.org/docs/WEF_Innovation_and_Adaptation_in_the_Climate_Crisis_2024.pdf
https://www3.weforum.org/docs/WEF_Innovation_and_Adaptation_in_the_Climate_Crisis_2024.pdf
https://reports.weforum.org/docs/WEF_From_Policy_to_Practice_Actionable_Recommendations_for_a_Commercial_Bioeconomy_2025.pdf%20
https://www.weforum.org/publications/from-policy-to-practice-actionable-recommendations-for-a-commercial-bioeconomy/
https://www.weforum.org/publications/from-policy-to-practice-actionable-recommendations-for-a-commercial-bioeconomy/
https://doi.org/10.1016/j.resconrec.2022.106693
https://doi.org/10.3390/land14051122
https://doi.org/10.1016/j.fuel.2023.128731
https://doi.org/10.1016/j.nbsj.2023.100075
https://doi.org/10.1016/j.fuel.2022.124298h
https://doi.org/10.1007/s13399-023-04387-3
https://doi.org/10.1007/s12155-021-10273-5
https://doi.org/10.1007/s12155-021-10273-5
https://doi.org/10.1186/s13705-022-00350-8
https://doi.org/10.1002/eet.1878
https://doi.org/10.1016/j.matt.2022.11.006h
https://www.mdpi.com/2077-0472/12/8/1146
https://doi.org/10.1038/s41467-023-43797-9
https://doi.org/10.1038/s41467-023-43797-9
https://doi.org/10.1016/j.esd.2024.101570


103

ACRONYMS
2G	 Second-generation biofuels

AIF	 Africa Investment Forum

AMZBio	 Amazon Bioeconomy Initiative

AFOLU	 Agriculture, Forestry and Other Land Use

AGROSAVIA	 Corporación Colombiana de Investigación Agropecuaria

AR6	 IPCC Sixth Assessment Report

ATJ	 Alcohol-to-Jet

B2C	 Business to Consumer

BAFU	� Bundesamt für Umwelt (Swiss Federal Office for the  

Environment)

BCG	 Bio-Circular-Green Economic Model

BCR	 Bio-Circular-Regional economy

BECCS	 Bioenergy with Carbon Capture and Storage

BEDO	 Bioeconomy Development Office (Thailand)

BHCCS	 Bio-Hydrogen with Carbon Capture and Storage

BIC	 Bio-based Industries Consortium

Bio-CCUS	� Bioenergy with Carbon Capture, Utilization and Storage

BioE3	� Biotechnology for Economy, Environment & Employment

BioSSA	 Bioeconomy Strategy for Southern South America

BioVolar	 Latin American Bioeconomy Volar Programme

CABIO	� Câmara Setorial da Bioeconomia (Brazil Bioeconomy 

Chamber)

CAF	� Corporación Andina de Fomento (Development Bank of 

Latin America and the Caribbean)

CAP	 Common Agricultural Policy 

CBIOs	� Créditos de Descarbonização (Brazilian Decarbonization 

Credits under RenovaBio)

CBD	 Convention on Biological Diversity

CCUS	 Carbon Capture, Utilization and Storage

CDR	 Carbon Dioxide Removal

CDM	 Clean Development Mechanism

CELAC	 Comunidad de Estados Latinoamericanos y Caribeños

CE	 Circular Economy

CHP	 Combined Heat and Power

CIF	 Climate Investment Funds

CLT	 Cross-Laminated Timber

CMCP	 Circular and Modern Circular Production

COP	 Conference of the Parties (UNFCCC)

CSU	 Carbon sequestration and utilization

CTCN	 Climate Technology Centre and Network

CTPR	 Climate Technology Progress Report

CYTED	� Programa Iberoamericano de Ciencia y Tecnología para 

el Desarrollo

DACCS	 Direct Air Carbon Capture and Storage

DFC	 U.S. International Development Finance Corporation

DFIs	 Development Finance Institutions

DOE	 Department of Energy (US)

DSHC	 District Solar Heating and Cooling

EAC	 East African Community

EBC	 European Biochar Certificate

EBRD	 European Bank for Reconstruction and Development

ECBF	 European Circular Bioeconomy Fund

ECLAC	� Economic Commission for Latin America and the Caribbean

EEC	 Eastern Economic Corridor (Thailand)

EIF	 European Investment Fund

EMBRAPA	 Empresa Brasileira de Pesquisa Agropecuária (Brazil)

EMBRAPII	� Empresa Brasileira de Pesquisa e Inovação Industrial 

(Brazil)

ENVIS	 Environmental Information System (India)

ESG	 Environmental, Social and Governance

EU	 European Union

EU ETS	 European Union Emissions Trading System

EUROCLIMA	 EUROCLIMA+ (EU–Latin America climate programme)

FA	 Formic Acid

FAME	 Fatty Acid Methyl Ester

FAP	 Fundo - Amazon Research Fund 

FbA	 Forest-Based Adaptation

FONTAGRP	 Fondo Regional de Tecnología Agropecuaria

FSC	 Forest Stewardship Council

FT	 Fischer–Tropsch

G20	 Group of Twenty

GBEF	 Global Bioeconomy Forum

GCF	 Green Climate Fund

GCP	 Global Carbon Project

GEF	 Global Environment Facility

GFFP	 Global Forest Financing Partnership

GHG	 Greenhouse Gas

GIB	 Green Investment Bank

GST	 Global Stocktake

GovVC	 Government Venture Capital

HEFA	 Hydroprocessed Esters and Fatty Acids

HTG	 Hydrothermal Gasification

HTC	 Hydrothermal Carbonization

HTL	 Hydrothermal Liquefaction

IAM	 Integrated Assessment Model

IACGB	 International Advisory Council on Global Bioeconomy

IBF	 International Bioeconomy Forum

ICAP	 International Carbon Action Partnership

ICIPE	 International Centre of Insect Physiology and Ecology

ICMA	 International Capital Market Association

ICS	 International Classification for Standards

IDB	 Inter-American Development Bank

IEA	 International Energy Agency

IMF	 International Monetary Fund

INIFAP	� Instituto Nacional de Investigaciones Forestales, 

Agrícolas y Pecuarias (Mexico)

INTA	� Instituto Nacional de Tecnología Agropecuaria (Argentina)

INTI	� Instituto Nacional de Tecnología Industrial (Argentina)

IPBES	� Intergovernmental Science-Policy Platform on Biodiver-

sity and Ecosystem Services

IPB University	 Institut Pertanian Bogor University (Indonesia)

IPCC	 Intergovernmental Panel on Climate Change

IPLC	 Indigenous Peoples and Local Communities

IPM	 Integrated Pest Management

IRENA	 International Renewable Energy Agency

IRR	 Internal Rate of Return

ISO	 International Organization for Standardization

ITMO	 Internationally Transferred Mitigation Outcome

IUCN	 International Union for Conservation of Nature

IICA	� Instituto Interamericano de Cooperación para la  

Agricultura

IITA	 International Institute of Tropical Agriculture

KfW	� Kreditanstalt für Wiederaufbau (German Development 

Bank)

LAC	 Latin America and the Caribbean
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LCA	 Life Cycle Assessment

LT-LED	 Long-Term Low-Emission Development Strategy

LVL	 Laminated Veneer Lumber

MAPA	� Ministério da Agricultura, Pecuária e Abastecimento (Brazil)

MEL	 Monitoring, Evaluation and Learning

MERCOSUR	 Mercado Común del Sur

MGAP	 Ministerio de Ganadería, Agricultura y Pesca (Uruguay)

MMCF	 Man-Made Cellulosic Fibres

MRV	 Measurement, Reporting and Verification

MSMEs	 Micro, Small and Medium-sized Enterprises

N2O	 Nitrous Oxide

NABD	 North American Development Bank

NAP	 National Adaptation Plan

NBSAPs	 National Biodiversity Strategies and Action Plans

NbS	 Nature-based Solutions

NDC	 Nationally Determined Contribution

NF	 Nitrogen Fertilizer

NICRA	 National Innovations in Climate Resilient Agriculture

NIB	 Nordic Investment Bank

NIST	 National Institute of Standards and Technology (US)

NTSDA	 National Technology Strategy and Development Agency

NZE	 Net Zero Emissions

OECD	� Organisation for Economic Co-operation and Development

PE	 Private Equity

PEFC	 Programme for the Endorsement of Forest Certification

PES	 Payment for Ecosystem Services

PHA	 Polyhydroxyalkanoates

PLA 	 olylactic Acid

PM	 Particulate Matter

PNDBIO	 Programa Nacional de Desarrollo de la Bioeconomía

PPP	 Public–Private Partnership

PROCISUR	� Programa Cooperativo para el Desarrollo Tecnológico 

Agroalimentario y Agroindustrial del Cono Sur

PROVO	� Programa de Bioeconomía Volar

R&D	 Research and Development

RD&I	 Research, Development and Innovation

REDD+	� Reducing Emissions from Deforestation and Forest 

Degradation+

RSB	 Roundtable on Sustainable Biomaterials

SAF	 Sustainable Aviation Fuel

SBIR	 Small Business Innovation Research (US)

SBTi	 Science Based Targets initiative

SDGs	 Sustainable Development Goals

SEI	 Stockholm Environment Institute

SENAI Brazil	 Serviço Nacional de Aprendizagem Industrial (Brazil)

SICA	 Sistema de la Integración Centroamericana

SIP	 Synthesized Iso-Paraffins

SLB	 Sustainability-Linked Bond

SLL	 Sustainability-Linked Loan

SME	 Small and Medium-sized Enterprise

TA	 Technical Assistance

TEC	 Technology Executive Committee

TEK	 Traditional Ecological Knowledge

UDD	 Universidad del Desarrollo

UNEP	 United Nations Environment Programme

UNEP-CCC	� United Nations Environment Programme Copenhagen 

Climate Centre

UNAM	 Universidad Nacional Autónoma de México

UNCBD	 United Nations Convention on Biological Diversity

UNCCD	 United Nations Convention to Combat Desertification

UNCTAD	� United Nations Conference on Trade and Develop-

ment

UNFCCC	� United Nations Framework Convention on Climate 

Change

USA	 United States of America

UPM	 Universidad Politécnica de Madrid

VC	 Venture Capital

WBC	 World Bioeconomy Council

WBEF	 World BioEconomy Forum

WEF	 World Economic Forum

WGII	 IPCC Working Group II

WGIII	 IPCC Working Group III

WIPO	 World Intellectual Property Organization

WTO	 World Trade Organization
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