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Revision Date Summary of Changes 

   

2 07 March 
2026 

Provisions for new default methane values for standard and best-practice scenarios to be included in life-cycle 
analysis (LCA) GHG calculations. 

Feedstock biomass eligibility based on robust sustainability requirements.  

The sustainability criterion for the biomass feedstock has been split from the adaptation and resilience 
requirement for the sake of clarity.   

Inclusion of facilities for electricity generation from biomass withing the scope of the Criteria. 

Establishment of a temporal trajectory for GHG emission savings, reaching close to 0 in 2050. 

Clarification of the definition given for aligned product/asset, biomass, biomass-based fuel, bioenergy, eligible 
project/asset, certified project/asset, bioenergy biomass-based fuel, intermediate biomass energy product.  

1.3 1 Aug 2022 Clarification that Bioenergy ‘Storage’ is within the scope as supporting infrastructure – i.e., providing the 
Bioenergy meets the overarching criteria (with Storage included in LCAs). 

Addition of Supporting Infrastructure section (section 3.4) which was previously absent 

1.2 23 Mar 2021 Feedstock certification best practise standards list updated to included CBI Agriculture criteria following analysis 
that it meets requirements in Appendix 2. 

Removal of indication that a part 2 might be developed (that could have been for woody biomass feedstocks). 
This will not now be done. 

1.1 28 Jul 2020 Issue for Public Consultation Swap ‘bioenergy’ to ‘electricity’ in table 2. 

1 Jul 2019 Publication of first criteria 



Climate Bonds Initiative - Bioenergy Criteria Document 

Final Document  

 

 

Bioenergy Criteria- Climate Bonds Initiative  P a g e  |  3 

Table of Contents 

Acronyms 5 

Definitions 6 

1 Introduction 10 

1.1 Overview 10 

1.2 The role of bioenergy in the goals of Paris Agreement 10 

1.3 The role of bonds 10 

1.4 Introduction of the Climate Bonds Standards (CBS) 11 

1.5 Process for sector Criteria Development 11 

1.6 Structure of the document 12 

2 Sector overview 14 

2.1 The driver for the update 14 

2.2 Bioenergy products in scope 14 

2.2.1 Biomass feedstock 15 

2.2.2 Biomass conversion processes 17 

2.2.3 Biomass-based fuels 17 

2.2.4 Bioenergy end-uses 17 

3 Key considerations in the development of the Bioenergy Criteria for the Climate Bonds Standards 22 

3.1 Mitigation criteria 22 

3.1.1 Mitigation criteria for intermediate biomass energy products 22 

3.1.2 Principle to set the mitigation criteria 22 

3.1.3 Fossil baseline 23 

3.1.4 Minimum % emissions reduction 23 

3.1.5 Maximum LCA GHG emissions 25 

3.1.6 Specific methane emissions assessment guidelines for biogas and biomethane value chain 28 

3.2 Feedstock in scope 32 

3.2.1 Feedstock classification 34 

3.2.2 Sustainability criteria for feedstock classification 35 

3.2.3 Certification schemes used as proxies and methodology to meet the sustainable criteria for biomass feedstock 41 

3.3 An overview of the criteria for adaptation & resilience (A&R) 48 

3.3.1 Key aspects to be assessed 48 

3.3.2 Practical considerations for this Component 49 

3.3.3 Existing tools and guidelines considered 50 

Annex I: TWG and IWG members 51 

End-notes 52 

 

  



Climate Bonds Initiative - Bioenergy Criteria Document 

Final Document  

 

 

Bioenergy Criteria- Climate Bonds Initiative  P a g e  |  4 

List of Figures 

Figure 1. Criteria development process ............................................................................................................................................ 11 
Figure 2. Requirements for the Climate Bonds Bioenergy Criteria. ................................................................................................... 13 
Figure 3. Biomass-based products (i.e. biomass-based fuels and bioenergy commodities) production pathway ............................. 14 
Figure 4. Bioenergy demand. 2010-2050 .......................................................................................................................................... 18 
Figure 5. Final energy consumption in transport by fuel for selected modes, 2022-2050. ............................................................... 18 
Figure 6. Renewable energy in the Brazilian transport sector. 2010-2022 ........................................................................................ 19 
Figure 7. Final energy consumption in shipping and aviation. 2015-2050 ........................................................................................ 20 
Figure 8. Low-emissions electricity generation capacity by source ................................................................................................... 20 
Figure 9. Decarbonization measures for fossil fuel power plants ...................................................................................................... 21 
Figure 10: Short overview of the emissions for a traditional biogas value chain. .............................................................................. 29 
Figure 11. Bioenergy demand and supply in the net zero scenario by 2050. 2010-2050. ................................................................. 33 
Figure 12. Distinction of biomass potential ....................................................................................................................................... 34 
Figure 13: The order of use of woody biomass according to the Renewable Energy Directive 2023 ................................................ 37 
Figure 14. ISCC process to determine if a material meets the definition of waste or residues. ........................................................ 40 
Figure 15: The CBI’s principles for Resilience. ................................................................................................................................... 48 
 

List of Tables 

Table 1. Non-exhaustive list of biomass-based fuels ......................................................................................................................... 14 
Table 2. Non-exhaustive list of biomass source ................................................................................................................................. 15 
Table 3. Biomass feedstock source classification .............................................................................................................................. 16 
Table 4. Biomass-based fuel production pathways ........................................................................................................................... 17 
Table 5. Bioenergy projections in the IEA NZE by 2050. 2022-2050. ................................................................................................. 23 
Table 6. Fossil baseline (gCO2e/MJ) for final energy products .......................................................................................................... 23 
Table 7. Minimum % of emissions reduction required in different international regulations/certification schemes........................ 24 
Table 8. Minimum % emissions reduction for transport biomass-based fuels .................................................................................. 24 
Table 9. Heat/cooling, electricity and cogeneration from biomass-based fuels minimum % of emissions reduction ....................... 24 
Table 10. Emissions intensity threshold for transport biomass-based fuels ...................................................................................... 25 
Table 11. Default efficiency values (% respect the energy-contain of the fuel) ................................................................................ 26 
Table 12. Emissions intensity threshold for heat/cooling, electricity and cogeneration produced from biomass-based fuels. ........ 27 
Table 13. Endorsed GHG calculations tools ....................................................................................................................................... 28 
Table 14. Default values for methane emissions calculation (% refers to produced methane) ........................................................ 30 
Table 15. Minimum requirements for LDAR system checklist for evaluating the issuer’s adaptation and resilience performance 

in respect of bioenergy facility. ......................................................................................................................................... 32 
Table 16. Global potential of biomass in 2012 and 2035 (in EJ) ........................................................................................................ 33 
Table 17. Agricultural Biomass Criteria Principles ............................................................................................................................. 35 
Table 18. Criteria to cover the agricultural biomass principles ......................................................................................................... 35 
Table 19. Forest biomass criteria principles ...................................................................................................................................... 38 
Table 20. Criteria to cover the forestry biomass principles ............................................................................................................... 39 
Table 21. Aquatic biomass criteria principles. ................................................................................................................................... 41 
Table 22. Criteria to cover the aquatic biomass principles ................................................................................................................ 41 
Table 23. Robustness check list for governance aspects ................................................................................................................... 42 
Table 24. Agricultural biomass voluntary tools and their compliance with Climate Bonds sustainability criteria ............................. 45 
Table 25. Forestry biomass voluntary tools and their compliance with Climate Bonds sustainability criteria .................................. 47 
Table 26. Aquatic biomass voluntary tools and their compliance with Climate Bonds sustainability criteria.................................... 47 
  



Climate Bonds Initiative - Bioenergy Criteria Document 

Final Document  

 

 

Bioenergy Criteria- Climate Bonds Initiative  P a g e  |  5 

Acronyms 

ASC-MSC Aquaculture Stewardship Council – Marine Stewardships Council 

CHP Combined Heat and Power 

CORSIA Carbon Offsetting and Reduction Scheme for International Aviation 

gCO2e grams of equivalent carbon dioxide 

FSC Forest Stewardship Council 

FSS Food Security Standard 

GHG Greenhouse gases 

HEFA Hydropocessed Ester and Fatty Acids 

iLUC Indirect Land Use Change 

ISCC International Sustainability and Carbon Certification 

JAS Japanese Agricultural Standard 

LDAR Leakage, Detection and Repair 

LCA Life Cycle Analysis 

LHV Low Heating Value 

MJ Mega Joules 

RMP Remaining Methane Potential 

RSB Roundtable on Sustainable Biomaterials 

SAF Sustainable Aviation Fuels 

SBP Sustainable Biomass Programme 

 

 

  



Climate Bonds Initiative - Bioenergy Criteria Document 

Final Document  

 

 

Bioenergy Criteria- Climate Bonds Initiative  P a g e  |  6 

Definitions 

Additional production: The principle that the biomass production was made possible specifically through improved agricultural 

techniques or the use of land that was not previously producing food/feed, ensuring that the bioenergy demand does not 

divert exiting food supplies. 

Aligned product/asset: A product/asset that meets the different requirements developed in the Criteria. 

Applicant: The term or name for any potential bond issuer, or non-financial corporate entity, that might seek Certification under 

the Bioenergy Criteria. 

Bioenergy: Renewable energy derived from biomass.1 

Bioenergy commodity: An energy commodity through the combustion of a biomass-based fuel. 

Bioenergy company: Entities integrated across the bioenergy value chain, specifically engaged in the direct production of bioenergy 

through the operation of specialized plants, or involved in the industrial processing and upgrading of biomass into energy 

carriers (e.g., biofuels, biogas, and pellets). 

Bioenergy product: A product that provides energy derived from biomass, including electricity, heat, cooling and biomass-based 

fuels in solid, liquid, or gaseous form. 

Biomass: Material of biological origin, excluding material embedded in geological formations and transformed into fossil.2 

Biomass-based fuel: Consumable products derived from raw biomass that can be used in a variety of energy applications, such as 

electricity generation, heat and cooling production, and transportation. Biomass-based fuels can be solid, liquid and gaseous 

(see Annex I for non-exhaustive list). 

Certified project/asset: An eligible project/asset that has demonstrated compliance with the specific requirements set out in the 

criteria and therefore has been approved for certification. 

Certified entity: The entity or part thereof which is being certified under the Climate Bonds Standard. Currently, entity Certification 

is limited to non-financial entities or segregated segments thereof, for which the Climate Bonds Initiative has Climate Bonds 

Standard Sector Criteria for entity Certification. 

Climate Bond Certification: Allows the applicant to use the Climate Bond Certification mark in relation to that bond. Climate Bond 

Certification is provided once the independent Climate Bonds Standard Board (CBSB) is satisfied the bond complies with the 

CBS. 

Climate Bonds Initiative (Climate Bonds): An investor-focused not-for-profit organisation, promoting large-scale investments that 

will deliver a global low-carbon and climate resilient economy. Climate Bonds seeks to develop mechanisms to better align the 

interests of investors, industry, and government to catalyse investments at a speed and scale sufficient to avoid dangerous 

climate change. 

Climate Bonds Standard (CBS): A screening tool for investors and governments that allows them to identify green bonds, the 

proceeds of which are being used to deliver climate change solutions. This may be through climate mitigation impact and/or 

climate adaptation or resilience. The CBS is made up of two parts: the parent standard (CBS v4.3) and a suite of sector-specific 

eligibility criteria. The parent standard covers the Certification process and pre-and post-issuance requirements for all Certified 

bonds, regardless of the nature of the capital projects. The Sector Criteria detail specific requirements for assets identified as 

falling under that specific sector. The latest version of the CBS is published on the Climate Bonds website. 

Climate Bonds Standard Board (CBSB): A board of independent members that collectively represents USD34tn of assets under 

management. The CBSB is responsible for approving (i) revisions to the CBS, including the adoption of additional Sector Criteria; 

(ii) approved verifiers; and (iii) applications for Certification of a bond under the CBS. The CBSB is constituted, appointed, and 

supported in line with the governance arrangements and processes as published on the Climate Bonds website. 

Climate change: A change in global or regional climate patterns attributed to the increased levels of CO2 in the atmosphere, 

produced mainly by the combustion of fossil fuels. 
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Climate goals: Objectives that aim to reduce greenhouse gas (GHG) emissions to limit the global temperature increase to 2°C or 

preferably 1.5°C above pre-industrial levels. 

Climate mitigation: Rules and principles containing thresholds , benchmarks, and milestones for sector activities whose objective is 

the reduction of the harmful effects of GHG emissions. 

Climate mitigation performance targets: The performance targets that define the measurable climate mitigation performance to 

be achieved. 

Climate resilience and adaptation: Measures or assessments related to protecting communities or ecosystems from the effects of 

climate change. Adaptation refers to protection, while resilience is the ability to adapt and recover from the impacts of climate 

change. 

Climate targets: Thresholds established by scientists and policymakers in plans to combat climate change. 

CO2 equivalent: A unit to measure the effect of all greenhouse gases according to their global warming potential that expresses the 

warming effect of each GHG over a set period of time (usually 100 years) in comparison to CO2. Thus, an amount of a GHG can 

be expressed by the amount of CO2 that will have the equivalent warming effect over 100 years. 

Decarbonisation pathways: Transformation processes, strategies, or instructions to be implemented in the energy sector aiming to 

reduce emissions and the use of fossil fuels. They involve measures such as shifting the energy mix, increasing energy 

efficiency, utilising the circular economy, or managing demand for energy. 

Decarbonise: Move away from energy systems that produce carbon dioxide and other GHG emissions and remove the amount of 

gaseous carbon compounds in the atmosphere. 

Eligible project/asset: Project/assets within the scope of these Criteria. 

Emission intensity: Volume of emissions per unit of a representative factor in the assessed sector, which in the bioenergy sector is 

MJ generated, so the emissions intensity is the grams of CO2e per MJ: gCO2e/MJ. 

Emissions target: Thresholds that scientists set for the quantity of emissions to be aligned with the Paris Climate Agreement. 

Energy commodity: Refers to the final energy output delivered to the end-user, specifically electricity, heating, or cooling. 

Food and feed crops: Starch-rich crops, sugar crops or oil crops produced on agricultural land as a main crop excluding residues, 

waste or ligno-cellulosic material and intermediate crops, such as catch crops and cover crops, provided that the use of such 

intermediate crops does not trigger demand for additional land. 

Fossil gas: A hydrocarbon fuel, mostly composed of methane produced from the decay of organic material over millions of years. 

Green bond: A bond where the proceeds are allocated to environmental projects or expenditures. The term generally refers to 

bonds that have been marketed as green. In theory, green bonds proceeds could be used for a wide variety of environmental 

projects or expenditures, but in practice they have generally been earmarked for climate change projects. 

Industry Working Group (IWG): A group of key organisations that are potential applicants, verifiers and investors convened by 

Climate Bonds. The IWG provides feedback on the draft Sector Criteria developed by the Technical Working Group (TWG) 

before they are released for public consultation. 

Intermediate biomass energy products: Semi-processed biomass-derived energy carriers that have undergone an initial conversion, 

pre-treatment, or upgrading step, but require further processing or refining before becoming final biomass-based fuels. Typical 

examples are biomass-derived oils from pyrolysis or hydrothermal liquefaction, solid bio-intermediates such as torrefied 

biomass, intermediate alcohols or syngas. 

Investment period: The interval between a bond issue and its maturity date; otherwise known as the bond tenor. 

Life-cycle emissions assessment: A methodology for estimating or quantifying environmental emissions associated with all the 

stages of the life cycle of a product, from the initial design phase to disposal or recycling. 

Mitigation technologies: Actions within technological processes implemented to reduce and curb GHG emissions. 
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Negative emissions: Processes in which more CO2 is removed and stored from the atmosphere than added to it, so the final GHG 

emissions balance is negative. It can be achieved by natural processes or a variety of technological solutions. Negative 

emissions are necessary to meet the Paris Agreement. 

Net gain in productivity: The measurable increase in total biomass and foof/feed output from a specific land area compared to 

traditional single-crop systems. This surplus justifies the use of the secondary crop for energy purpose without creating a 

supply deficit in the food market. 

Net-zero emissions: A situation where global GHG emissions from human activity are in balance with their removal or negative 

emissions. To achieve this situation, human-caused emissions should be reduced as close to zero as possible. 

Net-zero targets: Commitments adopted by countries or companies to achieve net-zero emissions by a specified year. 

Non-food agricultural biomass: Agricultural biomass that is not classified as food and feed crops according to the definition provided 

below. Examples can be seen in Table 3. 

Non-fossil renewable gaseous and liquid fuels: Fuels produced using energy from other renewable energy sources. 

Parent company/group: A company is considered a parent company of another entity (a subsidiary) if it exercises control over the 

subsidiary. The terms control and subsidiary have the meaning assigned to them under International Financial Reporting 

Standard 10 (IFRS 10). A parent group consists of the parent company and all the companies that the parent company exercises 

control over. Where the applicant does not belong to a group of companies, the term parent company applies to the applicant. 

Paris Agreement: A legally binding international treaty on climate change adopted by 196 parties. Its overarching goal is to hold the 

increase in the global average temperature to well below 2°C above pre-industrial levels and pursue efforts to limit the 

temperature increase to 1.5°C above pre-industrial levels. 

Pathways: Science-based trajectories for different sectors indicating the way to achieve targets related to relevant indicators. In the 

bioenergy sector, these trajectories generally refer to the emission intensity of the biomass-based product. 

Productive intensification system: A farming framework or regional zoning strategy (such as Brazil’s ZAE) that optimizes land use to 

increase total agricultural output per hectare. This is typically achieved by introducing a secondary bioenergy crop without 

reducing the volume or displacing the production of the main food/feed crop. 

Sequential cropping (or Double cropping): The agricultural practice of cultivating and harvesting two or more different crops in 

succession on the exact same delineated physical plot of land within a single agricultural year (12-month cycle). 

Scope of emissions: Scope 1, 2 and 3 are terms devised by the GHG Protocol to categorise the different sources of GHG emissions 

an organisation creates in its own operations, and in its wider value chain. 

Standards Criteria: Established principles to evaluate processes, assets, or entities aiming to achieve benchmarks, targets, or goals. 

Stemwood: Forest biomass consisting of the main stem of a tree that meets the quality and size specifications to be merchantable 

as sawtimber or for industrial wood products in local markets. 

Sustainability-linked debt (SLD): Any debt instrument for which the financial and structural characteristics can vary depending on 

whether the issuer achieves predefined sustainability/ESG objectives. Such objectives are measured through predefined key 

performance indicators (KPIs) and assessed against predefined performance targets. Proceeds of SLD are intended to be used 

for general purposes. 

Technical Working Group (TWG): A group of recognised experts from academia, international agencies, industry, and NGOs 

convened by Climate Bonds. The TWG develops the Sector Criteria, which are detailed technical criteria for the eligibility of 

projects and assets as well as guidance on the tracking of eligibility status during the term of the bond. Their draft 

recommendations are refined through engagement with finance industry experts in convened industry working groups (see 

below) and through public consultation. Final approval of Sector Criteria is given by the CBSB. 

Transition targets: Thresholds, benchmarks, and milestones based on key assumptions and dependencies used by scientists and 

policymakers to develop a plan to achieve climate targets. 
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Waste woody biomass: Forest biomass derived from forest management or harvesting operations that is not classified as 

stemwood.3 
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1 Introduction 

1.1 Overview 

This document serves as a reference document to the Bioenergy Criteria Document. The purpose of this document is to provide an 

overview of the key considerations and issues that were raised during the development of the Bioenergy Criteria and provide the 

rationale for why requirements were chosen and set. 

1.2 The role of bioenergy in the goals of Paris Agreement 

The current trajectory of climate change, expected to lead to a global warming of 2.1-3.5 by 2100.4 According to Climate Change 

Tracker as of June 2025, there are 30 gigatonnes of remaining CO2 budget which be exhausted in 2025.5 The effects of climate 

change and the risk associated with the global warming are evident: rising sea levels, increased frequency and severity of hurricanes, 

droughts, wildfires and typhoons, and changes in agricultural patterns and yields. Avoiding such catastrophic climate change 

requires a dramatic reduction in global greenhouse gas (GHG) emissions. 

GHG emissions from the energy sector accounted for 76% of total GHG emissions in 2022.6 In 2023, the bioenergy sector accounted 

for up to 0.7 % of global CO2 emissions and up to of 2.7 % of total methane emissions, see 7.9 % of methane emissions attributable 

to the energy sector.7,8 

While the bioenergy sector is not one the main sources of direct GHG emissions, bioenergy will have an important role in the clean 

energy transition and in the substitution of fossil fuels. Most scenarios aligned with the goals in the Paris Agreement indicate a 

bioenergy share from 15%-25% in overall primary energy use in 2050. Thus, bioenergy is both a sink to offset emissions from other 

sectors and a lever to decarbonise other high-emissions activities. It has an important role in the transition to a sustainable future 

for two main reasons:  

1. Use of bioenergy will be important in hard-to-abate sectors such as long-distance, heavy-duty land transport, shipping, and 

aviation. In addition, biomass for electricity can support the expansion of intermittent renewables such as solar PV and 

wind, the main levers for the decarbonization of the energy sector and, consequently, other sectors of the economy. 

Bioenergy supply will increase up to 100 EJ in 2050 according to the IEA, an increase of around 60% from the current 60/70 

EJ bioenergy supply.9 

2. Bioenergy combined with carbon capture and storage (BECCS), will contribute to the Net Zero future with negative 

emissions that will provide a pathway to offset residual emissions from hard-to-abate sectors, including agriculture. 

However, if not well addressed, bioenergy development may cause serious environmental impact, not only related to GHG 

emissions but also water quality, biodiversity, soil organic carbon, and food security among others. Therefore, any analysis of 

bioenergy climate impacts must take a broad enough system boundary and consider reference system. 

Hence, all the above underline the importance of assessing the correct use of bioenergy and channelling direct investment to 

sustainable bioenergy projects. 

1.3 The role of bonds 

Traditional sources of capital for infrastructure investment (government and commercial banks) are insufficient to meet these 

capital needs so institutional investors, particularly pension and sovereign wealth funds, are increasingly looked to as viable actors 

to fill these financial gaps. 

Capital markets enable issuers to tap into large pools of private capital from institutional investors with bonds in particular providing 

low-risk investments with long-term maturities that match the liabilities of institutional investors 

Binds finance works well for low-carbon and carbon-resilient infrastructure projects post-construction, as bonds are often used as 

refinancing instruments. Labelled green bonds designate proceeds for green projects, generally climate change mitigation and/or 

adaptation projects, which are labelled accordingly. The rapid growth of the labelled green bond market demonstrates that the 

debt markets provide a viable channel to finance climate investments.  
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The green bond market can reward bond issuers and investors for sustainable investments that accelerate process towards a low-

carbon and climate-resilience economy. Green bonds are issued by governments, companies, municipalities, commercial banks, 

and development banks to finance or re-finance assets or activities with environmental benefits. Their ones distinguish feature is 

that proceeds are earmarked for projects with environmental benefits, hence demand for them is high and they can help issuers 

attract new type of investors. 

A green label is a discovery mechanism for investors, which enables the identification of climate-aligned investments even with 

limited resources for due diligence. In this way, a green bond reduces friction in the markets and facilitates growth in climate-aligned 

investments.  

Currently, green bonds only account for less than 0.4% of a global bond market of USD187.8 trillion so there is enormous potential 

for the urgent scaling-up required.10,11 

1.4 Introduction of the Climate Bonds Standards (CBS) 

Activating the mainstream debt capital markets to finance and refinance climate friendly projects and assets is critical to achieving 

international climate goals, and robust labelling of green bonds is a key requirement for that mainstream participation. Confidence 

in the climate objectives and the use of funds intended to address climate change is fundamental to the credibility of the role that 

green bonds paly in a low-carbon and climate-resilient economy. Trust in the green label and transparency to the underlying assets 

are essential for this market to reach scale but investor capacity to assess green credential is limited. Therefore, Climate Bonds 

created the Climate Bonds Standard and Certification Scheme, which aims to provide the Green Bond market with the trust and 

assurance to achieve the required scale. 

The Climate Bonds Standard and Certification Scheme is an easy-to-use tool for investors and issuers to assist them in prioritising 

investments that truly contribute to addressing climate change, both from a resilience and a mitigation point of view. It comprises 

the overarching Climate Bonds Standard (CBS) detailing management and reporting process, and a set of a Sector Criteria detailing 

the requirements assets must meet to be eligible for Certification. The Sector Criteria cover a range of sectors including solar energy, 

wind energy, marine renewable energy, geothermal power, low carbon buildings, low carbon transport, water infrastructure, steel 

production, hydrogen production and delivery, forestry, agriculture, waste management, electrical utilities, geothermal power, and 

electricity grids and storage. The Certification Scheme requires issuers to obtain independent verification, pre- and post-issuance, 

to ensure the bond meets the requirement of the CBS. 

1.5 Process for sector Criteria Development 

Sector-specific Criteria are developed by TWG made of scientists, engineers, and technical specialists. Draft Criteria are presented 

to the IWG before being released for public comment. Finally, Criteria are presented to the Climate Bonds Standard Board (CBSB) 

for approval (see Figure 1 above). 

Figure 1. Criteria development process 

 

Source: Climate Bonds Initiative 
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The standard is revisited and amended on annual basis in response to the growing climate aligned financed market. The CBS has 

been developed based on public consultation, road testing, and review by the Assurance RoundTable (a group of verifiers) and 

expert support from experienced green bond market participants. 

Bioenergy-specific information to support applicants and verifiers is available at Bioenergy Climate Bonds Initiative as follows:  

• Bioenergy Background Paper detailing how the criteria were chosen; 

• Bioenergy Frequently Asked Questions (FAQs); 

• Bioenergy Criteria Public Consultation Feedback and Responses Summary. 

In addition, the following cross-cutting information to support applicants and verifiers is available as follows: 

• The Climate Bonds Standard contains the requirements of the overarching CBS;12 

• The Climate Bonds Standard v4.3 Entity and Sustainability-Linked Debt Checklist documents provide further information 

on the cross-sectoral requirements for entity and SLD Certification respectively.13 

Further information on the Climate Bonds Standard and Certification Scheme is available on the Climate Bonds website.14 

1.6 Structure of the document 

The structure of this document is as follows:  

• Section 2: detailed information about the bioenergy sector that supports the scope of the Criteria; 

• Section 3: detailed rationale for developing the requirements for the Bioenergy Criteria (See Figure 2): 

o Sub-section 3.1 mitigation; 

o Sub-section 3.2 sustainability of biomass source; 

o Sub-section 3.3 adaptation and resilience; 
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Figure 2. Requirements for the Climate Bonds Bioenergy Criteria. 
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2 Sector overview 

2.1 The driver for the update 

Methane is a highly potent GHG, with a global warming potential of approximately 30-80 times that of CO2 over a 25–100-year 

period. Given the 2050 timeframe for net zero goals, special attention to methane is warranted. The IEA estimates that rapid cuts 

in methane emissions from fossil fuels can avoid up to 0.1 °C of global warming by mid-century.15 Across sectors, methane 

abatement finance has one of the highest ratios of global warming benefit per dollar of capital invested.  

Traditional and labelled bonds, loans, and other debt instruments such as revolving credit facilities have been used as a channel to 

fund abatement projects in various sectors, with the energy sector historically seeing the largest share of use of proceeds (UoP). 

However, to date only an extremely limited number of debt instruments/frameworks referencing methane abatement have been 

robust and actionable. A credible and practical framework for methane abatement that delivers real impacts on global warming is 

required, which creates a feasible ecosystem for the issuers and investors to participate. This guidance seeks to deliver actionable 

and credible methane abatement activities and targets, which consider best practices, agnostic of financing structure. 

This new version of the Climate Bond Bioenergy Criteria deploys and promotes best practices along the biogas and biomethane 

value chain by linking them to the application of updated and mor accurate default values for methane emissions accounting. 

2.2 Bioenergy products in scope 

Biomass is a material of biological origin, excluding material embedded in geological formations and transformed into fossil. The 

transformation can be conducted via different conversion processes to produce consumable products derived from raw biomass 

that can be used in a variety of energy applications. These biomass-based fuels can be used in vehicles engines or to generate energy 

commodities through their combustion. Figure 3 illustrates these processes, Table 1 presents examples of biomass-based fuels, 

categorized by their physical state (solid, liquid or gaseous), while Table 2 lists examples of biomass classified by their origin.  

Figure 3. Biomass-based products (i.e. biomass-based fuels and bioenergy commodities) production pathway 

 

Source: Climate Bonds Initiative based on IEA Bioenergy 

Table 1. Non-exhaustive list of biomass-based fuels 

Kind of biomass-based fuels Examples 

Solid biomass-based fuel pellets, chips, briquettes, logs, and charcoal 

Liquid biomass-based fuel ethanol, biodiesel, renewable diesel and biojet fuel 

Gaseous biomass-based fuel biogas, biomethane and syngas  

Source: Adapted from IEA Bioenergy 
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Table 2. Non-exhaustive list of biomass source16 

Kind of biomass source for 
biomass-based fuels 

Examples 

Agriculture 
Multipurpose crops, dedicated biomass crops, 
organic waste/residues from agriculture 

Forestry 
Woody biomass, organic waste/residues from forest 
and landscape management 

Industry Organic waste/residues from industry. 

 

The following sections detail the stages of the bioenergy value chain, giving the rationale for its inclusion in the Criteria. 

2.2.1 Biomass feedstock 

A wide range of organic material can be used to produce bioenergy-based fuels, including crops, sawdust/wood shavings, forestry 

residues, firewood, low-quality stem wood, post-consumer wood waste, green waste, food industry residues, organic municipal 

solid waste, sludge from wastewater treatment, manure, rice straw, perennial grasses, short rotation coppice.  

In the development of renewable biomass-based fuels technologies, biomass feedstock from algae has many advantages over 

traditional sources as can be cultivated in inland-ponds or in marine environments, and used to produce biomass-based fuels such 

as biodiesel, biomethane and bioethanol which offer a rapid growth rate, high photosynthetic efficiency, and ability to thrive in 

diverse environments. Therefore, aquatic biomass has been included as an eligible feedstock in this reviewed version of the criteria 

(See Table 3). 

With regard to woody biomass, only waste woody biomass is accepted under these criteria. The reasons for excluding other types 

of woody biomass are explained in point 3.2.2.2. 

Finally, used cooking oil (UCO) has been included under the criteria due to its importance in the production of sustainable aviation 

fuels (SAF) through the hydrotreatment of esters and fatty acids (HEFA). 

Table 3 shows the feedstock accepted in these criteria and its classification according to the different origin and characteristics of 

the biomass with examples for each category. 
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Table 3. Biomass feedstock source classification 

Biomass feedstock type Examples 

Agricultural Biomass 
 
Biomass produced from 
agriculture 

Food and Feed 
Crops 

Food and feed agricultural crops, such as corn or wheat 

Non-food 
agricultural 
biomass  

Non-food agricultural crops cultivated in agricultural land, such as 
energy crops 

In-field agricultural residues, originating from the cultivation of food or 
feed crops, such as cereal straw, rice straw, stalks, nutshell, bagasse 
(classified as processing residue if generated during processing); fruit 
tree cuttings and vineyard pruning 

Agro-livestock waste and residues such as animal manure, slurry, and 
organic bedding material 

Aquaculture and fisheries waste and residues such as mortalities, 
aquatic sludge or ponds sediments 

Algae if cultivated in land ponds 

Forestry biomass 

Only waste woody biomass is eligible as a feedstock. 
 

Harvested grass 

Branches and other waste from forest harvesting. (not including 
residues from related industries or processing) 

Salvage trees, end of life trees and trees removed for nature 
conservation purposes 

Feedstock coming from necessary management activities, aiming to 
ensure pre-commercial thinning operations or carried out in 
accordance with national law or wildfire prevention in high-risk areas 

Short-rotation (3-15 years) techniques crops including poplar, willow, 
eucalyptus, gum trees or perennial grasses 
 

Processing waste and residues biomass 

Waste and residues other than agricultural, 
aquacultural, fisheries and forestry residues 

Non-field agricultural residues, originating from the primary processing 
of a food crop in a factory such as rice husk, maize cob, nutshell and 
husks, peels, fruit seeds, bagasse, coffee husk, cocoa pods (classified as 
agricultural crops residue if directly generated by agriculture) 

Animal byproducts generated by slaughterhouses or other operations, 
and animal fats generated in a rendering process 

Other agrifood industry waste or residues such as brewery sludge and 
brewer’s spent grain, grape marcs and wine lees, or solid waste and 
wastewater from dairy industry 

Waste/residues from forest-based industries such as black and brown 
liquor from cellulose industry or paper sludge 

Crude glycerol from biodiesel production 

Bio-genic fraction of end-of-life tires 

Used cooking oil (UCO) 

Captured bio-genic CO2 

Aquatic biomass 
 
Cultivated or harvested water-based plants or algae, 
and associated derivatives, different from those 
cultivated in land ponds 

Microalgae (Chlorella, Scenedesmus, Nannochloropsis, Dunaliella) 

Cyanobacteria, often called “blue-green algae” (Spirulina, 
Synechocystis) 

Macroalgae, also called seaweeds (Kelp, Gracilaria, Ulva, Porphyra) 

Aquatic vascular plants (Duckweed, Water hyacinth, Cattail) 

 

Agricultural biomass has been also divided into food and feed crops, and non-food crops. The reason is the possible impact of food 

and feed crops on indirect land-use change which is not present for non-food crops. Food and feed crops will be therefore required 

to meet some iLUC criteria that would be explained in Sub-Section 3.2.3. 
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2.2.2 Biomass conversion processes 

Conversion of organic matter to bioenergy products can be done through mechanical, chemical, thermochemical or biochemical 

processes. Traditional combustion of biomass is not considered in modern bioenergy. Examples for conversion processes can be 

found in Table 4 below. 

Table 4. Biomass-based fuel production pathways 

Types of processes Conversion processes 

Mechanical 
Pelletization 

Chipping 

Biochemical 
Hydrolysis and fermentation 

Anaerobic digestion 

Chemical 

Hydrogenation 

Transesterification 

Other catalysis 

Thermochemical 

Gasification 

Pyrolysis 

Combustion 

 

The criteria is technologically agnostic. The requirements will apply to emissions associated with the production of the biomass-

based fuel or bioenergy commodities, including emissions resulting from conversion processes. However, there will be no specific 

requirements based on the technology used to convert biomass into a biomass-based fuel.  

2.2.3 Biomass-based fuels 

Biomass-based products are usually drop-in fuels that can be used in the existing assets without relevant modifications. 

The different biomass-based fuels, its sources and main uses are: 

• Solid are typically produced from forest and landscape management residues, forest product manufacturing residues, or 

agricultural residues. Solid biomass-based fuels can be used to generate heat in industry and buildings or to generate heat 

and/or electricity in power plants, combined heat and power (CHP) plants, or district heating plants. 

• Liquids are produced from agricultural energy crops, forest management, and product manufacturing residues, agricultural 

residues and organic waste. Liquid biomass-based fuels are renewable alternatives for road; marine and aviation transport 

blended with liquid fossil fuels. 

• Gaseous types are produced from agricultural residues, organic waste and from forest management and product 

manufacturing residues. These biomass-based fuel can be used directly to generate heat and/or power. When upgraded, 

they can also be injected into existing fossil gas pipelines or used by fossil gas vehicles. 

2.2.4 Bioenergy end-uses17 

For the period 2022-2050, bioenergy and other fuel shifts (hydrogen not included) account for slightly less than 20%.18 In the IEA 

NZE projections for total energy supply, solar energy will provide around 140 EJ in 2050, modern bioenergy almost 100 EJ, and wind 

energy 85 EJ (see Figure 4). Electricity production will be the main purpose of bioenergy in this scenario, followed by liquid biomass-

based fuels and biogases. 
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Figure 4. Bioenergy demand. 2010-2050 

 

Source: International Energy Agency. Net Zero Scenario by 2050 

In the following sections it is detailed the uses of biomass-based fuels included in the criteria: transport, electricity, heat/cooling 

and cogeneration. 

2.2.4.1 Biomass-based fuels for transport 

Decarbonisation of transport relies mainly on electric vehicles and green electrification. See Figure 5. However, long-distance 

transport in large vehicles, airplanes or ships with high power requirements needs to be fuelled by energy carriers with high energy 

density. 

Figure 5. Final energy consumption in transport by fuel for selected modes, 2022-2050. 

 

Source: International Energy Agency. Net Zero Scenario by 2050 

Liquid and gaseous biomass-based fuels (bioethanol, biodiesel, biogas, biomethane), can provide low-carbon intensity energy in the 

form required. Liquid biomass-based fuels have physical and chemical properties comparable to current fossil fuel and can be easily 

stored on board whereas gaseous biomass-based fuels can be either compressed or liquified and reach higher energy density.  

Most of the growth of modern bioenergy use in the NZE scenario comes from the emerging market and development economies. 

Therefore, inclusion of biomass-based fuels such as bioethanol or biodiesel for light-duty transport is essential to reach carbon 

neutrality in transportation. 
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LIGHT-DUTY VEHICLES 

Bioenergy will also be important for light duty vehicles in countries where biomass supply and technology is available and 

electrification can be used for other decarbonisation purposes, as well as countries where the grid is not decarbonised and electric 

vehicles cannot meet LCA GHG net-zero emissions. 

In Brazil, where the use of biomass-based fuels in transport has grown steadily over the past 20 years, biomass-based fuels 

represented 22% of transport energy in 2022.19. See Figure 6. Bioethanol is the most important biomass-based fuel, used in fossil 

fuel vehicles, on average representing almost 40% by energy combined gasoline and ethanol use.  

Figure 6. Renewable energy in the Brazilian transport sector. 2010-2022 

 

Source: IEA Bioenergy. Brazil update 2024 

 

In the context of Brazilian or Indonesian road transport, biomass-based fuels are projected to reach 35% of final energy consumption 

by 2050.20 Additionally, India has great potential to increase the production and use of biomass-based fuel for transport, including 

environmental and socio-economic benefits beyond GHG emissions reduction. India is now the world’s third largest producer and 

consumer of ethanol as a result of nearly tripling production over the period 2019-2024, with the potential to expand further. 

Certain crops such as sugar beet, present in subtropical regions, can achieve GHG savings up to 85-90%, with additional important 

socio-economic benefits such as high yield potential, short crop cycles, low water footprints and rehabilitation of waste land.21 

Globally, the evolution of biomass-based fuels in road transport in the IEA NZE will be 5% in 2022, 11% in 2030, 12% in 2035 and 

3% in 2050.22 The remaining proportion of biomass-based fuels for road transport can be very important for some countries where 

biomass is an important source of energy. 

SAF-AVIATION 

Growth in the aviation sector is predicted to increase steadily in terms of annual passenger-kilometres, hence the need to achieve 

net-zero emissions by 2050 to be aligned with the Paris Agreement. Whiles low-carbon alternative propulsion systems are at low-

to-medium technology readiness levels, near-term GHG emissions reduction would have to come from the use of lower-carbon 

intensity sustainable aviation fuels (SAF). SAF can be based on biomass or on e-fuels synthesized from hydrogen and carbon dioxide. 

The fact that commercial flights are already operating on up to 50% blends of biojet fuel demonstrates the technological maturity 

of flying on biomass-based fuels. 

Bioenergy, hydrogen, and hydrogen-based fuels are forecast to ramp up from less than 1% of energy consumed today in shipping 

and aviation to almost 15% in 2030 and 80% by 2050 according to the IEA NZE.23 The projections for biomass-based fuels in aviation 

came from 0% in 2022 to 10% in 2030, 22% in 2035, and 33% in 20250. 

SHIPPING 

Biomass-based fuels will also be important in the shipping transport, accounting for 19% in the final energy consumption in 2050.  

See Figure 7. 
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Figure 7. Final energy consumption in shipping and aviation. 2015-2050 

 

Source: International Energy Agency. Net Zero Scenario by 2050 

2.2.4.2 Biomass-based fuels for electricity 

Renewable capacity for electricity generation led by solar PV and wind will raise the share of low-emissions sources in electricity 

generation from 39% in 2022 to 71% in 2030, and 100% in 2050. Solar PV and wind will account for 71% share in total generation, 

leaving 18 % for other low-emissions sources, including bioenergy (4%), and fossil fuels with CCS, hydrogen, and ammonia (11%).24 

See Figure 8 

Figure 8. Low-emissions electricity generation capacity by source 

 

 

Source: International Energy Agency. Net Zero Scenario by 2050 

Bioenergy plays an important role in electricity generation due to its continual availability compared to solar PV and/or wind, which 

depend on favourable climate conditions. Additionally, certain regional conditions mean biomass source are abundantly available. 

The different combustion technologies deployed by biomass power plants generally depend on the type and quality of the biomass-

based-fuel used. Cofiring of biomass to replace coal in fossil fuel plants is particularly favourable due to the potential for cutting 

GHG emissions by up to 50% with only a few modifications required. Combined with CCUS technology and other low-carbon fuels, 

this provides the means to decarbonise more modern fossil fuel power plants. See Figure 9. 
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Figure 9. Decarbonization measures for fossil fuel power plants 

 

Source: International Energy Agency. Net Zero Scenario by 2050 

2.2.4.3 Biomass-based fuels for heat 

Heat is the most important form of energy used in industry and bioenergy technologies can provide heat at a wide range of 

temperatures. In 2020, the majority (86%) of renewable heat consumed in industry came from biomass-based fuels, equalling 9.4% 

of the industrial heat demand. 

Biomass-based fuels combustion systems also provide low temperature heat up to 100-degree for heating and hot water supply in 

buildings. 

2.2.4.4 Biomass-based fuels for cogeneration 

Heat and electricity can be produced in the same facility, by using the exhaust gases from a combustion chamber. This heat can be 

used as heat or to generate steam in a heat exchanger (HX) which can be put into a turbine, operating a thermodynamical cycle to 

generate electricity. 

The overall system efficiency can be increased from 30-40% to 80-90% compared to power plants without heat use. Thus, in 

circumstances where heat and electricity are required at the same time and place, combined heat and power (CHP) plants can be 

a cost-effective solution. 
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3 Key considerations in the development of the Bioenergy 

Criteria for the Climate Bonds Standards 

3.1 Mitigation criteria 

3.1.1 Mitigation criteria for intermediate biomass energy products 

Conversion processes can involve intermediate stages where biomass is prepared before going to final conversion processes. These 

facilities are eligible under the Climate Bonds Bioenergy Criteria. Biomass used must comply with the Sustainable Bioenergy Criteria 

(sub-section 3.2.2) and from the point of view of mitigation, the only requirement is to disclose the LCA GHG emissions following 

the methodologies accepted by the TWG (Table 13).  

No LCA GHG emissions threshold is required as there is no fossil reference against which emissions could be compared. However, 

these reported emissions will be incorporated into the final bioenergy product made from these intermediate products. 

3.1.2 Principle to set the mitigation criteria 

Bioenergy is a solution to decarbonise economic activities related to energy, including hard-to-abate emissions activities such as 

high-temperature industrial processes, power produced from modern fossil-based power plants or heavy-duty transport (freight 

land, aviation or shipping). See section 2.2. 

Therefore, the main objective of the mitigation criteria was to reduce emissions using bioenergy (biomass-based fuels for transport, 

heat/cool or electricity). The following rationale will be applied to quantify the emissions reduction required:  

1. Set a reference value for emissions associated to the final energy product (heat/cooling, electricity or biomass-based fuel 

for transport) produced with fossil fuels (fossil baseline), AND;  

2. Require a minimum % reduction in the emissions related to the final energy product produced from biomass-based fuels. 

The result gives maximum LCA GHG emissions, expressed in gCO2e/MJ of final energy.  

 

3.1.2.1 Final energy products in the scope of the criteria 

Considering the IEA NZE bioenergy projections described in section 2.2, the bioenergy products that will be considered in the scope 

of these criteria are (See Table 5): 

• Biomass-based fuels for transport. Modern liquid bioenergy accounts for 11 EJ in 2050, and biomethane for 15 EJ. 

• Heat/cooling. Bioenergy for industry is expected to raise up to 22 EJ in 2050. 

• Electricity. Projected to provide 30 EJ in the IEA NZE. 

 

Maximum LCA GHG emissions (gCO2e/MJ) = Fossil baseline (gCO2e/MJ) · (100 – Minimum % reduction) 
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Table 5. Bioenergy projections in the IEA NZE by 2050. 2022-2050. 

 

Source: International Energy Agency. Net Zero Scenario by 2050 

3.1.3 Fossil baseline 

The reference values for the LCA GHG emissions associated to fossil fuels are collected in Table 6. They are expressed in gCO2e/MJ 

of final energy product. 

Table 6. Fossil baseline (gCO2e/MJ) for final energy products 

Final energy product 
Fossil baseline 

gCO2e/MJ 

Transport 

Land 9425 

Shipping 9426 

Aviation 8927 

Heat/cooling 
8028 

(12429 for proved coal substitution) 

Electricity 18330 

Co-generation (CHP) 
80 (heat) 

183(electricity) 

 

These fossil baseline values are calculated on a life cycle basis, which include emissions related to every stage in the life cycle of a 

fuel from its production until it is used to fuel a vehicle. The scope of LCA should include: 

• fuel extraction; 

• fuel processing; 

• fuel transportation and storage; 

• fuel final use. 

Transport has been divided into three transport modes underlining the differences in the fuel and technologies.  

While feedback from TWG members suggest considering different fossil baseline values for different world regions, Climate Bonds 

Criteria aim to be global. The specifics of different world regions have been considered in the % of emissions reduction required for 

the biomass-based fuel as a temporal declining trajectory. 

3.1.4 Minimum % emissions reduction 

To decarbonise the energy sector using biomass-based fuel, emissions related to final product must be reduced. The former Climate 

Bonds Bioenergy Criteria required a minimum emissions reduction of 80% for every final product. The TWG decided that this value 

is too high for transport biomass-based fuels and is not achievable with current scalable bioenergy projects. The Criteria screen the 

most important international regulations for biomass-based fuel, whose % GHG savings, presented in Table 7. 
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Table 7. Minimum % of emissions reduction required in different international regulations/certification schemes. 

% GHG savings for bioenergy products in different international regulations/certification schemes 

Bioenergy product EU UK EEUU CORSIA 

Transport 65 65 20 10 

Electricity 80 80 50  

Heat/cool 80  60  

 

3.1.4.1 Emissions reduction for transport sector 

Values from Table 7 show that any regulation/certification schemes for biomass-based fuel require more than 65% for the transport 

sector. A temporal declining trajectory has been established considering the following rationale: 

• End values: Reaching carbon neutrality by 2050. This goal is aligned with the Paris Agreement, with 1.5 °C scenarios and 

with the ambition of international transport organisations such as IMO for the shipping sector or ICAO for aviation.31,32 

• Starting point (2025 values): Global research was conducted to determine the lower optimal conditions required and 

applied for biomass-based fuels. The lowest international emissions reduction % considered green in 2025 have been 

applied as the starting point for the declining trajectory. This approach leaves some flexibility for emerging markets, takes 

in consideration their local and economic circumstances, and makes the trajectory realistic enabling the transition to 

carbon neutrality. 

• Intermediate values have been stablished to describe a linear and technologically feasible trajectory. 

Table 8 shows the declining trajectory for the transport sector.  

Table 8. Minimum % emissions reduction for transport biomass-based fuels 

 Emissions reduction declining trajectory for TRANSPORT 

Transport sector Road Shipping Aviation 

Year Minimum % of emissions reduction 

2025 50 65 50 

2030 60 70 60 

2040 80 80 80 

2050 Close to 0 Close to 0 Close to 0 

 

3.1.4.2 Emission reduction for heat/cooling, electricity and cogeneration 

While electricity generated from renewable sources aims at below 100gCO2e/kWh to be considered as low-carbon electricity in the 

Climate Bonds Sector Criteria, electricity generation for the grid is a mix of different energy sources. Life-cycle GHG emissions from 

bioenergy for electricity range from 15 to 650 gCO2e/kWh.33  

In the long-term solutions, electricity from biomass-based fuels will play an important role as explained in point 2.2.4.1. Thus, as for 

transport sector, a temporal declining trajectory has been established starting at a % of emissions reduction that can make the 

electricity pool reach the 100 gCO2e/kWh threshold and approach close to 100% of emissions reduction in 2050 to be carbon neutral 

and thus aligned with the Paris Agreement goals. The starting point leaves flexibility to emerging markets and takes into 

consideration their local technical and economic circumstances. Table 9 shows the declining trajectory for heat/cooling, electricity 

or cogeneration.  

Table 9. Heat/cooling, electricity and cogeneration from biomass-based fuels minimum % of emissions reduction  

Emissions reduction declining trajectory for HEAT/COOLING, ELECTRICITY AND COGENERATION 

Year Minimum % of emissions reduction 

2025 80 

2030 85 

2040 95 

2050 Close to 100 
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Note: The % of emissions reduction associated with biomass-based fuel may not correspond to the % of emissions reduction in the 

final energy-related activity. The % of emissions reduction required in these Criteria corresponds to life-cycle emissions associated 

with biomass-based fuel, but the final activity (transport, heat/cooling production, electricity and cogeneration) could use a 

biomass-based fuel blended with another fuel. These Criteria require a % of emissions reduction to the biomass-based fuel that 

would be equivalent to the % of emissions reduction from the final energy activity if a 100% biomass-based fuel mixture were used. 

3.1.5 Maximum LCA GHG emissions 

Applying the minimum % of emissions reduction to the fossil baseline, a threshold for the LCA GHG emissions can be obtained. See 

Table 10 and Table 12. 

 

3.1.5.1 LCA GHG emissions for biomass-based fuels. 

This section explains the process for establishing the LCA GHG emissions thresholds for biomass-based fuels that can be use in 

transportation or to generate electricity and/or heating/cooling. 

Table 10. Emissions intensity threshold for transport biomass-based fuels 

LCA GHG emissions threshold for transport biomass-based fuels 

Energy sector 
Baseline 

(gCO2e/MJ of final energy 
product) 

Minimum % of emissions 
reduction 

LCA GHG emissions threshold  
(gCO2e/MJ of biomass-based fuel 

energy content) 

Road 
94 

(gCO2e/MJ fossil fuel) 

2025 50 47 

2030 60 37.6 

2040 80 18.8 

2050 Close to 100 Close to 0 

Shipping 
94 

(gCO2e/MJ fossil fuel) 

2025 65 32.9 

2030 70 28.8 

2040 80 18.8 

2050 Close to 100 Close to 0 

Aviation 
89 

(gCO2e/MJ fossil fuel) 
 

2025 50 44.5 

2030 60 35.6 

2040 80 17.8 

2050 Close to 100 Close to 0 

Heat/cooling production 
(in brackets values for 
proven coal substitution) 

80 (124) 
(gCO2e/MJ heat-cooling) 

2025 80 12.8 (19.8) 

2030 85 9.6 (14.9) 

2040 95 3.2 (5) 

2050 Close to 100 Close to 0 

Electricity generation 
183 

(gCO2e/MJ electricity) 

2025 80 14.6 

2030 85 11.0 

2040 95 3.7 

2050 Close to 100 Close to 0 

Cogeneration 

80  
(gCO2e/MJ heat) 

183 
(gCO2e/MJ electricity) 

2025 80 19.21 

2030 85 14.4 

2040 95 4.8 

2050 Close to 100 Close to 0 

 

The fossil baseline values include emissions related to every stage in the life cycle of a fuel from its production until it is used to fuel 

a vehicle or generate bioenergy commodities. In this second case, to refer the emissions to the biomass-based fuel energy content,, 

the maximum LCA GHG emissions value was calculated considering a default energy efficiency value (see Table 11) for each final 

use of the biomass-based fuel (See Box 1 and Box 2 below).  
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Table 11. Default efficiency values (% respect the energy-contain of the fuel) 

Final use Energy efficiency 

Heat/cooling 80 

Electricity 40 

Co-generation (CHP) 
75 

(35 for electricity + 40 for heat) 

 

 

In the case of cogeneration, in which the biomass-based fuel has two final products (electricity and heat) the calculation are made 

as indicated in Box 2 below 

 

  

Box 1. Example of calculation of LCA GHG emissions thresholds for biomass-based fuels. 

Example of the calculation of the LCA GHG emissions threshold for a biomass-based fuel used to produce heat: 

• The fossil baseline (𝐹𝑏) for heat is 80 gCO2e/MJ of heat produced.  

• The energy efficiency (𝜂) heat production is 80%. This means that 1MJ of biomass-based fuel can produce 0,8 MJ of 

heat. 

• The % emissions reduction required in 2025 is 80%. 

𝐿𝐶𝐴𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑓𝑢𝑒𝑙

) = 𝐹𝑏 (
𝑔𝐶𝑂2𝑒

𝑀𝐽ℎ𝑒𝑎𝑡

) · 𝜂 (
𝑀𝐽ℎ𝑒𝑎𝑡

𝑀𝐽𝑓𝑢𝑒𝑙

) · (
100 − % 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

100
) 

𝐿𝐶𝐴𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑓𝑢𝑒𝑙

) = 80 (
𝑔𝐶𝑂2𝑒

𝑀𝐽ℎ𝑒𝑎𝑡

) · 0.8 (
𝑀𝐽ℎ𝑒𝑎𝑡

𝑀𝐽𝑓𝑢𝑒𝑙

) · (
100 − 80

100
) = 12,8 (

𝑔𝐶𝑂2𝑒

𝑀𝐽𝑓𝑢𝑒𝑙

) 

Box 2. Explanation of LCA GHG emissions thresholds for co-generation (CHP) from biomass-based products. 

• The fossil baseline for heat (𝐹𝑏ℎ) in cogeneration is 80 gCO2e/MJ of heat produced. 

• Fossil baseline for electricity (𝐹𝑏𝑒) in cogeneration is 183 gCO2e/MJ of electricity generated. 

• The energy efficiency heat production(𝜂ℎ) is 40%.  

• The energy efficiency electricity generation (𝜂𝑒) is  35%.  

• The % emissions reduction required in 2025 is 80 % 

𝐿𝐶𝐴𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑓𝑢𝑒𝑙

) = [𝐹𝑏ℎ (
𝑔𝐶𝑂2𝑒

𝑀𝐽ℎ𝑒𝑎𝑡

) · 𝜂ℎ  (
𝑀𝐽ℎ𝑒𝑎𝑡

𝑀𝐽𝑓𝑢𝑒𝑙

) + 𝐹𝑏𝑒 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑒𝑙𝑒𝑐

) · 𝜂ℎ  (
𝑀𝐽𝑒𝑙𝑒𝑐

𝑀𝐽𝑓𝑢𝑒𝑙

)] · (
100 − 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

100
) 

𝐿𝐶𝐴𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑓𝑢𝑒𝑙

) = [80 (
𝑔𝐶𝑂2𝑒

𝑀𝐽ℎ𝑒𝑎𝑡

) · 0,4 (
𝑀𝐽ℎ𝑒𝑎𝑡

𝑀𝐽𝑓𝑢𝑒𝑙

) + 183 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑒𝑙𝑒𝑐

) · 0,35 (
𝑀𝐽𝑒𝑙𝑒𝑐

𝑀𝐽𝑓𝑢𝑒𝑙

)] · (
100 − 80

100
) 

𝐿𝐶𝐴𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑓𝑢𝑒𝑙

) = 19,21 (
𝑔𝐶𝑂2𝑒

𝑀𝐽𝑓𝑢𝑒𝑙

)  
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3.1.5.2 LCA GHG emissions for bioenergy commodities 

The section explains the process for establishing LCA GHG emissions thresholds for bioenergy commodities. 

Table 12. Emissions intensity threshold for heat/cooling, electricity and cogeneration produced from biomass-based fuels. 

LCA GHG emissions threshold for heat/cooling, electricity and/or co-generation produced from biomass-based fuels 

Energy products 
Baseline 

(gCO2e/MJ) 
Minimum % of emissions 

reduction 
LCA GHG emissions threshold  

(gCO2e/MJ of final bioenergy commodity) 

Heat/cooling 
(in brackets values for 
proven coal substitution) 

80 (124) 
(gCO2e/MJ heat) 

2025 80 16 (24.8) 

2030 85 12 (18.6) 

2040 95 4 {6.2} 

2050 Close to 100 Close to 0 

Electricity 
183 

(gCO2e/MJ electricity) 
(658.8 gCO2e/kWh) 

2025 80 36.6 

2030 85 27.45 (98.82 gCO2e/kWh) 

2040 95 9.15 

2050 Close to 100 Close to 0 

Cogeneration 
80 (gCO2e/MJ heat) 

183 (gCO2e/MJ 
electricity) 

2025 80 16/36.6 

2030 85 12/27.45 

2040 95 4/9.15 

2050 Close to 100 Close to 0 

 

Close to 0 for 2050 target 

The 2050 LCA GHG emissions values both for biomass-based fuels and bioenergy commodities are not required to be net-zero. The 

reason is that reaching zero emissions in the production of a biomass-based fuel is not technologically feasible. The remaining 

emissions are technically unavoidable and must be included. For this reason, by 2050, bioenergy products are required to approach 

close to 0 emissions, which entails a reduction in GHG emissions of at least 95% compared to the fossil fuel baseline.  

The remaining emissions can stem from unavoidable process emissions, such as biogenic N2O emissions, or from upstream 

embedded emissions, such as essential transport, where zero-emissions alternatives are not yet available. 

3.1.5.3 Emissions included in the calculation of a biomass-based fuel carbon intensity  

The maximum LCA GHG emissions should be calculated on a life-cycle basis including the emissions from the cultivation and 

extraction of raw materials, the biomass-based fuel conversion/production, and transportation until the fuel is used to produce 

energy products. 

GHG emissions calculation shall be calculates as explained in Box 3 below: 
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Note: CO2 emissions captured for the plant in the growing process are neutralized by CO2 emissions during the combustion of the 

biomass-based fuel. Therefore, both terms are not considered in the calculation of GHG emissions. eu refers to non-CO2 emissions 

in the combustion process. eiLUC refers to iLUC emissions when the certification scheme used to certify the sustainability of the 

feedstock includes a GHG emissions factor for iLUC. See point 3.2.2.1 

Issuers can use existing tools approved by legislative systems or voluntary standards. Table 13 propose robust tools to calculate 

GHG emissions from biomass-based fuels. 

Table 13. Endorsed GHG calculations tools 

Name Criteria Origin 

BIOGRACE II34 Biomass for electricity, heating and cooling EU 

RSB GHG Calculator35 Liquid biofuels International 

UK Solid and Gaseous Biomass 
Carbon Calculator36 

Solid biomass and biogas used for heat and electricity generation UK 

GREET37 Alternative fuels in transport US 

RenovaCalc38 Ethanol, biodiesel, aviation biokerosene and biogas from waste Brazil 

 

In the case of biogas and biomethane value chain, methane emissions can be relevant and included in the GHG calculations. 

Rationale of inclusion of methane emissions and methodology to measure and include them are explained in the following section. 

3.1.6 Specific methane emissions assessment guidelines for biogas and biomethane value chain 

Methane emissions are relevant in biomass-based fuels, mainly in biogas and biomethane production. The Joint Research Centre 

(JRC) has released a recent study addressing methane emissions in the biogas and biomethane value chain.39 

The TWG incorporated the results of the analysis with the aim of promoting the mitigation of methane emissions and to correct the 

identification of these emissions in current calculation methodologies. The Criteria suggest the inclusion of best-practice or direct 

measures for better control of methane emissions. 

The study concludes that methane emissions included in calculation methodologies, as well as the literature, have been 

underestimated. Some material emissions sources are not included, particularly fugitive and operational, and, in the case of those 

that are not measured, default values used to estimate them may be lower than they are. 

Box 3. Emissions included in the LCA GHG accounting 

𝐸 = 𝑒𝑒𝑐 + 𝑒𝑙 + 𝑒𝑝 + 𝑒𝑡𝑑 + 𝑒𝑢 + 𝑒𝑖𝐿𝑈𝐶 − 𝑒𝑠𝑐𝑎 − 𝑒𝑐𝑐𝑠 − 𝑒𝑐𝑐𝑟  

Where: 

𝐸 = total emissions from the production of the fuel before energy conversion 

𝑒𝑒𝑐 = emissions from the extraction and cultivation of raw materials 

𝑒𝑙 = annualized emissions from carbon stock changes caused by land-use change 

𝑒𝑝 = emissions from processing 

𝑒𝑡𝑑 = emissions from transport and distribution 

𝑒𝑢 = emissions from the fuel in use 

𝑒𝑖𝐿𝑈𝐶 = emissions from indirect land use change 

𝑒𝑠𝑐𝑎 = emissions saving from soil carbon accumulation via improved agricultural management 

𝑒𝑐𝑐𝑠 = emissions savings from CO2 captured and geological storage 

𝑒𝑐𝑐𝑟 = emissions savings from CO2 captured and replacement. 
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The study also evaluated best-practices demonstrated in real projects and their corresponding methane emissions values. 

Therefore, these Criteria include an analysis identifying all material sources of methane within the biogas/biomethane value chain 

(see Figure 10). All the emissions related to the identified sources must be included in the LCA GHG analysis. 

Figure 10: Short overview of the emissions for a traditional biogas value chain. 

 

Source: JRC analysis 

The first requirement for bioenergy projects within the biogas and biomethane value chain in to identify methane sources. Five 

major sources of methane emissions  

• manure storage. 

• digestate storage. 

• CHP engines combusting the biogas. 

• biogas upgrading. 

• Piping systems and valves. 

The range of emissions for the whole plant can vary from 0.5% to 6% of total methane produced. The international Panel on Climate 

Change (IPPC) suggests using an emissions factor of 5% of methane emissions loses when no better data is available.40 

The Climate Bonds Bioenergy Criteria include methane best-practices aiming to reduce this 5% of methane emissions loses in the 

biogas and biomethane value chain. 

3.1.6.1 Stages to be considered within the biogas and biomethane value chain 

The main objective of the criteria is to reduce methane emissions and meet the limits established in Sub-Section 3.1.5 of this 

document. The best way to control methane emissions is direct measure in the sources detailed above. 

However, direct emissions are not yet broadly implemented in the biogas and biomethane facilities. While adopting these direct 

measures that could allow the identification and reduction of methane emissions, some best practises can be put in place and 

reduce these emissions.  

est practice for addressing and mitigating methane loses span the entire biogas and biomethane value chain. The following stages 

of the biogas/biomethane value chain should be considered for methane emissions: 

• Feedstock management; 

• Biogas/biomethane plant 

o Biogas processing, 

o Digestate management, 

o Raw biogas upgrading, 
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o Biogas use in CHP; 

• Distribution. 

As outline above TWG propose the use of actual values resulting from measurement and qualification of emissions made by an 

independent third-party.  

3.1.6.2 GHG emissions values for methane in the relevant stages of the biogas and biomethane value chain 

However, when measurement is not possible, the emissions can be addressed using default values available in literature and studies. 

The JRC study mention before compares the standard default values with other values in real projects and propose the following 

values for standardise scenarios and for other scenarios including a set of best practices in the different stages of the value chain. 

See Table 14 

Table 14. Default values for methane emissions calculation (% refers to produced methane)41 

Value chain stage Type Best Practice scenario Standard 

Feedstock 
management 

storage 0.0% + access to creditsa 0.0% 

Plant   

Biogas processing 0.5% 5.0% 

Digestate management. Composting 
or storage 

0.1% 

2.2% (silage) 

2.5% (biowastes)b 

10.0% (manure) 

Storage with RMPc measurement 

below the proposed default emission 

factor for standard digestate 

management 

0.25·RMP 0.75·RMP 

Raw biogas upgrading  0.0% 0.2d / 1.0e/ 3.0% 

Plant. Biogas use in 
CHP 

Slippage of methane in the exhaust 
gas 

1.7% 

Distribution Piping, maintenance, leaks 0.0% 1.5% 

a:  The application of good practices allows the application of credit for avoided emissions.  

b:  Including sewage sludge from industrial wastewater treatment plants (sludge from municipal wastewater treatment plants is excluded from 

 these Criteria) 

c:   Remaining methane potential 

d:  Technologies certified by the provider or measured to have < 0.2% of produced methane in the off-gas 

e:  Technologies certified by the provider or measured to have < 1% of produced methane in the off-gas 

 

Therefore, to reduce methane emissions, when better data are not available, the TWG proposes the inclusion of these best practices 

and their corresponding default values must be included in the GHG emissions.  

The inclusion of default values in case where direct measurement is not available must comply with the following rules: 

• Default values in the calculation cannot be lower than the standard practice column if no best practices have been applied; 

and 

• Default values cannot be higher than the best practice column in the case of best practice implemented. 

The use of the minimum default values given in Table 14, best-practice column, corresponds with the use of the term ‘best-practice’ 

described below in point 3.1.6.3. The use of other default values for methane emissions in biogas or biomethane value chain is not 

a viable option, except for the credits arising from emissions savings for improved agricultural management. 

Note that sometimes, there can be direct measurement in some stages of the value chain but not in others. In this case, the issuer 

can use of a mix of actual and default values. The use of default values is affected by the same rules described above. 

3.1.6.3 Best practice in biogas and biomethane value chain 

The best practices for reducing methane emissions have been studied and applied in real projects, and the default values have been 
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evaluated and described based on these findings. They are described per each of the stages of the biogas and biomethane value 

chain and were extracted from the best practices reported by Join Research Centre of the European Commission and the Danish 

Energy Agency.42,43 

Feedstock management: 

• Closed system. Implementation of physically enclosed infrastructure (tanks and piping) to prevent the direct interface 

between substrate and atmosphere.  

• Rapid substrate turnover. Operational protocol ensuring slurry is moved quickly to the store tank and quickly sent to 

processing. 

• Thermal suppression. Maintenance of substrates at low temperature to inhibit the biological onset of methanogenesis.  

Biogas/Biomethane plant: 

• General requirement: 

o Follow a certified voluntary leakage and repair (LDAR) programme. The minimum requirements for which are 

listed in Table 15. 

• Biogas processing: 

o Automatically activated flare connected to all pressure release valves and venting systems; and 

o Installation of leak detection alarms or other detecting devices in closed environments. 

• Digestate management: 

o Storage: 

▪ Keeping the feedstock or digestate in an airtight environment (combined with time in digester and closed 

digestate storage) for at least 50 + x days, where ‘50’ represents the minimum retention time of 50 days 

and ‘x’ is the number calculated as additional two days for each mass percent of non-manure-based 

feedstock (max 150 days); or 

▪ Storage with remaining methane potential (RMP) measurement below the proposed default emission 

factor, expressed in percentage of produced methane, for standard digestate management when the 

temperature inside the digestate storage remains below 20 °C during the whole storage period. 

o Composting: the whole process is done in a completely closed environment, actively aerated cells in a closed 

environment, direct mixing and cooling of digestate with substrate at the exit of the air-tight section, monitoring 

and measurement of methane content in the off-gas. 

• Raw biogas upgrading: 

o Off-gas oxidation: combustion of off-gas is performed; or  

o No off-gas emitted: the CO2 separated from the biogas is captured and no off-gases are released. 

• Distribution: 

o Follow a certified voluntary LDAR programme. The minimum requirements for this LDAR are listed in Table 15.44 



Climate Bonds Initiative - Bioenergy Criteria Document 

Final Document  

 

 

Bioenergy Criteria- Climate Bonds Initiative  P a g e  |  32 

Table 15. Minimum requirements for LDAR system checklist for evaluating the issuer’s adaptation and resilience performance in 
respect of bioenergy facility. 

Area Minimum Requirement 

Ownership and purpose of 
the voluntary system 

The voluntary system should have a clear ownership. 

The voluntary system should have a clear purpose. 

System boundaries The accepted boundaries of the system should be well documented. 

Performing leak detections Self-control shall be the focus of leak detection. Install detection systems for increased indoor 
methane concentrations and for pressure relief valve openings. 

Third-party revision for credibility is required. 

Quantifying emissions At least one monthly visual inspection (with no detecting instruments) of high-risk components 
(pressure relief valve, moving components). 

At least one regular leak detection annually (and quantification) by an external professional. 
The methods to quantify emissions shall be well documented. 

Remedying of found leaks 
 

A maintenance and repair plan defining the intervals when components need maintenance and 
how to repair components that show leaks. 

If the leaks exceed 2% of the annual production or 50 tonnes per year, a mandatory repair 
should be scheduled, and an additional test, within six months of the leak detection shall 
confirm the effectiveness of the repair. 

Reporting of emissions data A documentation system to report each inspection, leak detection, maintenance and repair. 
There should be an easy access to annual or periodical results with benchmark possibilities. 
Short-term and long-term goals on leak detection performance and emission reduction should 
be set. 

Knowledge buildup and skills 
development 
 

Training courses for introducing and maintaining leak detection programmes shall be 
organized or a written best-management practice document available. 

 

Adapted from recommendations by European Biogas Association (2020) and European Commission, Joint Research Centre.45,46 

3.1.6.4 Conclusion 

Methane emissions can be significant in the biogas and biomethane value chain and must be included in the LCA GHG emissions 

calculations. Although the best approach - and what these criteria recommend - is to conduct direct measurement and mitigate 

them when appropriate, the reality of the sector is that direct measurement is not widely applied. 

Methane emissions can be reduced by implementing best practices at the main emissions sources within the biogas and biomethane 

production value chain. Identifying these significant sources of methane leakages and implementing best practices will help reduce 

them. 

To include the methane emissions in the LCA GHG emissions accounting when no data are available, recent studies have established 

more accurate default values for standardised operating conditions and for the application of various best practices aimed to reduce 

the % of methane loses. See  

3.2 Feedstock in scope  

Bioenergy supply is projected to be around 100 EJ in 2050, according to the IEA NZE scenario.47 This amount of energy should be 

supplied by sustainable biomass feedstock. The scenario presented by the IEA also incorporates the bioenergy supply from the 

different biomass source. See Figure 11. 
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Figure 11. Bioenergy demand and supply in the net zero scenario by 2050. 2010-2050. 

 

Source: Source: International Energy Agency. Net Zero 

Scenario by 2050 

The quantity of 100 EJ of energy is significant and cannot be covered only using organic waste; although organic waste streams 

represent the biggest share of biomass supply, followed by short-rotation woody crops, and forest and wood residues. IEA NZE 

scenario determines that woody biomass will represent more than 50% of the biomass supply.  

Other energy organizations, such as the World Bioenergy Association (WBA), also recognise the importance of woody biomass in 

bioenergy supply. See Table 16. 

Table 16. Global potential of biomass in 2012 and 2035 (in EJ) 

 

Source: World Biomass Association. Global Biomass 

Potential towards 2035 

Despite the differences in numbers, resulting from different models, both estimations assume that woody biomass will play an 

important role (around 50%) of the total bioenergy supply. 

It is important to note that biomass feedstock needs to meet sustainability requirements to be included in a low-carbon and climate-

resilient economy. Figure 12 shows the distinction of biomass potential. The IEA Bioenergy report 2023 estimates the sustainable 

implementation potential at 60-120 EJ per year, noting that biomass potential is difficult to estimate.48 
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Figure 12. Distinction of biomass potential 

 

Source: IEA Bioenergy Report 2023 

According to the previous report from the WBA, solid biomass (including wood chips, pellets and traditional biomass) reached 85% 

of total supply of biomass in 2021 (54 EJ globally). Liquids biomass-based fuels accounted for 7%, municipal and industrial waste 

sector accounted for 2-3% followed by biogas at 2%.49 

Therefore, TWG decided to have as much as possible an agnostic approach regarding the biomass feedstock for biomass-based 

fuels production. The rationale was to not reject any type of biomass feedstock but request for strong and robust criteria covering 

all the relevant environmental and social important impacts associated with biomass feedstock. 

However, due to the sustainable hierarchy in the use of some raw materials, high quality woody biomass has been excluded for 

energy purposes following the Cascading Principles in the use of wood.50 According to the IEA which has conducted a comparison 

in the application of Cascading Principles, the application of these principles in a technical criterion is not easy. Thus, in the Climate 

Bonds Bioenergy Criteria, the conclusion has been to not implement Cascading Principles but include only waste woody biomass as 

eligible feedstock. Waste woody biomass is everything but wood from the stem of a tree that is merchantable as sawtimber in local 

markets. See definitions section at the beginning of this document. 

3.2.1 Feedstock classification 

To address the potential environmental impacts of the biomass feedstock source, the TWG divided the potential biomass feedstock 

into four categories according to their characteristics: 

• Agricultural Biomass produced from agriculture, including algae if cultivated in land ponds, and waste and residues from 

agriculture, aquaculture and fisheries; Agricultural biomass will be divided into. 

o Food and feed crops: Starch-rich crops, sugar crops or oil crops produced on agricultural land as a main crop 

excluding residues, waste or ligno-cellulosic material and intermediate crops, such as catch crops and cover crops, 

provided that the use of such intermediate crops does not trigger demand for additional land. 

o Non-food agricultural biomass: Agricultural biomass that is not classified as food and feed crops according to the 

definition provided above. Examples can be seen in Table 3. 

• Forestry biomass including waste woody biomass produced by forest growth that can converted to an energy source 

(domestic forest biomass is excluded as it is covered by Climate Bonds Municipal Waste criteria); 

• Processing waste and residues biomass to include waste and residues other than agricultural, aquacultural, fisheries and 

forestry residues, i.e., industrial processing waste and residues, which include captured biogenic CO2. Used cooking oil 

(UCO) for biomass-based fuels production is also included in this category. 

• Aquatic biomass which is cultivated or harvested water-based plants or algae, and associated derivates. 

Aquatic biomass has been included due to its energy potential. Among the possible processing options, Anaerobic Digestion (AD) to 

produce biogas from algae is considered one of the most viable technologies.  
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3.2.2 Sustainability criteria for feedstock classification 

Biomass feedstock can have different and significant environmental impacts on carbon sock in the soil, food security, indirect land-

use change, water quality or socio-economic impacts. The TWG accorded that these impacts must be considered for the eligibility 

of the feedstock to produce bioenergy products. 

3.2.2.1 Agricultural biomass 

The directive (EU) 2018/2001 of the European Parliament and of the Council stipulates several sustainability requirements for 

biomass-based fuel produced from agricultural biomass: 

• Low-indirect land-use change risk assessment (required only for food and feed crops). 

• Monitoring and management plans to address the impacts on soil quality and soil carbon. 

• Biomass shall not be made from raw material obtained from land with a high biodiversity value. 

• Biomass shall not be made from land with high-carbon stock. 

• Biomass shall not be made from land that was peatland. 

The TWG added stricter requirements in order to assess other environmental impacts: 

• Conserve and protect water resources. 

• Air pollution and use of fertilizers. 

• Food security (required for food and feed crops and where cultivation replaces/displaces previous food/feed crop 

production on the same land). 

• Circularity. 

• Socio-economic impacts. 

Table 17. Agricultural Biomass Criteria Principles 

AGRICULTURAL BIOMASS CRITERIA PRINCIPLES 

A1 A2 A3 A4 A5 

Indirect land use change 
(iLUC) risk management 

Soil quality and soil 
carbon management 

Conserving land with 
High-carbon stock 

Conserve 
peatlands 

Conserve high biodiversity 
areas 

A6 A7 A8 A9 A10 

Conserve and protect 
water resources 

Pollution 
Food 

security 
Socio-economic 

impacts 
Circularity 

 

These principles are covered by different criteria listed in Table 18 

Table 18. Criteria to cover the agricultural biomass principles 

Principle Criteria 
Indirect land use change risk management   
(Specific criteria for food and feed crops, 
defined as starch-rich crops, sugar crops or oil 
crops produced on agricultural land as a main 
crop, excluding residues, waste or 
lignocellulosic material and intermediate 
crops, such as catch crops and cover crops, 
provided that the use of such intermediate 
crops does not trigger demand for additional 
land) 

Yield increase: issuers demonstrate that additional biomass was produced 
through an increase in yield, including multicrops, compared to a reference 
date, without any additional land conversion; or 

Unused/degraded land: issuers demonstrate that biomass was produced from 
land that was not previously cultivated or was considered arable land; or 

For cases other than yield increase and/or unused/degraded land, low iLUC 
should be proved by following the addition of iLUC GHG emissions factor in the 
GHG emissions accounting or proving that the crop is produced through 
additional production. 

Soil quality and soil carbon management 
Issuers or national authorities have monitoring or management plans in place 
in order to address the impact on soil quality and soil carbon 
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Principle Criteria 
The soil management plan is developed and implemented with a focus on soil 
productivity, including retention of soil biomass levels, soil structure, salinity, 
pH and carbon sequestration. 

The plan can outline crops and geographically appropriate practices such as no-
till, only planting on suitable slopes, use of covers crops, crop rotation, tree 
hedges and contour planting, etc.  

The plan also includes adequate protection of riparian areas. 

The harvesting of agricultural waste and residues does not have a negative 
impact on soil quality and soil carbon stock. 

Conserving land with high-carbon stock 
Feedstock obtained from land with high-carbon stock is not accepted including 
wetlands, continuously forested areas, and forested areas with 10-30% canopy 
cover. 

Conserve peatlands 
Feedstock obtained from land that was peatland in January 2008 is not 
accepted, unless evidence is provided that the cultivation and harvesting of that 
raw material does not involve drainage of previously undrained soil. 

Conserve high bio-diversity area 

Feedstock obtained from land with high biodiversity is not accepted including 
primary forests, old growth forests, high biodiverse grassland, heathlands, 
areas designated by the relevant competent authority for nature protection 
purposes and areas for the protection of rare, threatened or endangered 
ecosystems or species. 

Conserve and protect water resources 

A complete assessment of water resource requirements and discharge impacts 
should be conducted, taking into considerations crop needs, soil water holding 
capacity, hydrological conditions, downstream human and environmental 
needs and uses, and impacts that the water use and discharge will have on the 
watershed, community health, and regional ecology. 

A Water management plan is in place that addresses relevant risks and includes 
concrete measures to protect groundwater or local water bodies. 

Best practices to use water efficiently and to avoid the depletion of surface or 
groundwater resources beyond replenishment capacity. 

Restrictions in case of water stress. 

Operations shall contribute to the enhancement or maintaining the quality of 
the surface and groundwater resources. 

Pollution: implement best-practices for the 
use of (Agro)chemicals, restrict air pollution 
and promote good air quality 

Agrochemicals are properly used on site, judiciously, and in a targeted fashion 
using available expertise. There is no use of hazardous agrochemicals listed as 
Classification I or II in the World Health Organization’s Recommended 
Classification of Pesticides by Hazard. 

An integrated pest management plan is developed and implemented, ideally 
incorporating biological controls.  

An integrated weed management plan is developed and implemented, ideally 
including cultural and biological controls, appropriate rates of pre-and post-
emergent applications, and appropriate altering of active ingredients. 

A nutrient management plan focused on optimal uptake and minimal loss of 
nutrients has been developed and is implemented. The plan can include soil 
and foliage testing (regularly and especially prior to fertilizer applications), use 
of variable rate technologies for fertilizer application, crop rotation, and use of 
cover crops and filter strips. 

Reduction and reporting on non-GHG pollutants. 

Soil contamination through fertilizers is minimized by adapted management. 

Pesticides shall only be used as part of integrated pest management (IPM) in 
compliance with local legislation, chemical safety data sheets, and industry 
best-practices. Banned pesticides shall not be used. 
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Principle Criteria 

Food security 
(Specific criteria for food and feed crops, and 
for non-food/feed crops when the cultivation 
displaces/replaces previous food or feed 
crops on the same land) 

If the feedstock production is located in a country with low or moderate ranking 
on the Global Hunger Index (GHI) according to the latest International Food 
Policy and Research Institute’s publication, there is no further requirement.51 
If not, the issuer needs to assess whether the production of the sourcing 
feedstock is likely to have impacts on food security, and to establish 
corresponding mitigation and enhancement measures if the impacts are 
significant. Issuers can follow guidelines such as FAO’s Bioenergy and Food 
Security Assessment, or any other robust and publicly available guidance. 

Socio-economic  

Promote safe working conditions. 

Positive impact on economic development of local communities 

Compliance with human and labour rights, and responsible community 
relations. 

Compliance with rights of indigenous peoples/land rights and tenure. 

Well-being of local population: operators should improve the socioeconomic 
conditions of the communities affected. 

Circularity 
Waste management includes reduction, reuse, and recycling. Best practices 
addressed in a waste management plan and avoided use of landfills or on-site 
burning. 

The TWG considered the above strong and robust enough to ensure that the biomass feedstock does not impact soil quality and 

carbon stock, or create other impacts related to the ecosystem or local communities involved in the system. 

3.2.2.2 Forestry biomass 

As an example of forest biomass with some environmental requirements, according to the WBA, in 2012, 85% of all the biomass 
used for energy originating from forest or trees, contributes 49 EJ to the global energy supply. Additionally, 25-35 EJ of woody 
biomass can be supplied if some conditions are fulfilled:52 

• Better use and management of existing forest. 

• Better use of the by-products or residues of trees in non-forest areas for bioenergy instead of dumping a huge share of 

this material as it done in many parts of the world today. 

• Planting of new forest in order to compensate for the losses of forest in some regions, to increase the global forest area 

again and use part of its additional production to energy. 

Due to the controversies surrounding the use of woody biomass to energy production, the TWG decided to also include the 

Cascading Principles for the optimal use of woody biomass, as outlined in certain regulations, such as EU’s RED II/III Directive. 

Figure 13: The order of use of woody biomass according to the Renewable Energy Directive 2023 

 

Source: Sustainable Biomass Progam. The Cascading 

Principle. Working Paper 

Woody biomass is included in the different low-carbon scenarios to meet the bioenergy demand, but strong sustainability 

requirements must ensure that woody biomass does not have negative impacts in soil quality, carbon sinks, local communities and 
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other important and relevant impacts and also that the woody biomass has the optimal use considering all the economic, social and 

environmental aspects. 

However, studies in different jurisdictions that have applied the Cascading Principles to woody biomass highlight the difficulty to 

include them in concrete criteria. The IEA released a working paper analysing the definitions of cascading of woody biomass and 

the policies and regalement that have included these cascading principles.53 

One of the main conclusion is that the application of Cascading Principles in a concrete criteria is difficult as it depends a lot on what 

is included in cascading definition, local circumstances, complication for legislative processes, especially pertaining to reaching 

agreement on the set of wood assortments than can be used for material purposes and which therefore should be excluded from 

energy use. 

The way these criteria included the optimal use of woody biomass considering economic, social, technical and environmental 

aspects has been to only include waste woody biomass as an eligible feedstock for energy purpose. Definition of waste woody 

biomass, included in the definition section, is: 

Waste woody biomass: Forest biomass derived from forest management or harvesting operations that is not classified as 

stemwood.54 

Being stemwood defined as follows: 

Stemwood: Forest biomass consisting of the main stem of a tree that meets the quality and size specifications to be merchantable 

as sawtimber or for industrial wood products in local markets. 

However, this waste woody biomass must come from sustainable forest. TWG parts from the conditions to ensure and address the 

biomass-based fuel from forests included in the European Parliament and Council directive (EU) 2018/2001 which requires the 

following sustainability criteria to minimise the risk of using forest biomass derived from unsustainable production: 

• Sustainable Forest Management (SFM). 

• Land use, Land Use Change and Forestry (LULUCF). 

And the TWG added stricter criteria to assess other environmental impacts: 

• Socio-economic impacts. 

Table 19. Forest biomass criteria principles 

FORESTRY BIOMASS CRITERIA PRINCIPLES 

F1 F2 F3 

Sustainable forest management Land use, land use change and forestry Socio-economic impacts 

 

These principles are covered by different criteria listed in Table 20 
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Table 20. Criteria to cover the forestry biomass principles 

Principle Criteria 

Sustainable Forest Management 

Legality of harvesting operations. 

Forest regeneration in harvested areas. 

Harvesting is carried out considering maintenance of soil quality and biodiversity. 

Harvesting maintains or improves the long-term production capacity of the forest. 

Areas designated by the relevant competent authority for nature protection purposes 
are protected with the aim to preserving biodiversity and preventing habitat destruction. 

Feedstock obtained from land with high biodiversity is not accepted including primary 
forests, old growth forests, high biodiverse grassland and heathlands, areas designated 
by the relevant competent authority for nature protection purposes and areas for the 
protection of rare, threatened or endangered ecosystems or species. 

Land use, land use change and 
forestry  

Carbon stocks and sink levels in the forest are maintained or strengthened over the long 
term. Assessing, monitoring, and reporting forest carbon according to procedures given 
by FAO Global Forest Resources Assessment Guidelines, Verified Carbon Standards (VSC) 
Methodology for Improved Forest Management (VM0007) or any other robust publicly 
available guidance.55,56 

Socio-economic 

Promote safe working conditions. 

Positive impact on economic development of local communities. 

Compliance with human and labour rights and responsible community relations. 

Compliance with rights of indigenous peoples/land rights and tenure. 

Well-being of local population: operators should improve the socioeconomic conditions 
of the communities affected. 

 

3.2.2.3 Processes waste and residues 

Waste and residues from industrial processes do not have any sustainability requirement given that they are considered waste. 

However, the TWG agreed to include requirements to clearly defining waste, which follow the definition of waste and residues 

established by ISCC. 

‘If evidence can be provided to the auditor demonstrating that competent national authorities have officially classified the 

respective material as waste or residues, e.g., on a positive list or by official decision that is not publicly available, the auditor must 

only verify that the material was not deliberately produced or intentionally modified or contaminated (steps 1 and 2 of the process).’  
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Figure 14. ISCC process to determine if a material meets the definition of waste or residues. 

 

Source: ISCC  

Process waste and residues must meet criteria for socio-economic impacts. 

• promoting safe working conditions; and 

• positive impacts on economic development of local communities; and 

• compliance with human labour rights and responsible community relations; and 

• compliance with rights of indigenous peoples/land rights and tenure; and 

• well-being of local population: operators should improve the socioeconomic conditions of the communities affected. 

To prove evidence of compliance with these requirements the issuer can follow the methodology detailed by the International 

Sustainability and Carbon Certification (ISCC). 

The issuer must communicate a declaration containing: 

• a commitment to the ILO core labour standards; and 

• respect for the living wage; and 

• respect for the social environment; and 

• respect for the legal and titles; and 

• committing to solving social conflicts; and 

• commitment to fair contract arrangements. 

3.2.2.4 Aquatic biomass 

Aquatic biomass is deemed to play an important role on biomass-based fuel production. The TWG wanted to address also the 
environmental impacts of aquatic biomass which includes algae cultivated in land.  

Establishing parallel principles with agricultural biomass, certain principles have been created in accordance with several 

certification schemes available today for sustainable algae production. 
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Table 21. Aquatic biomass criteria principles. 

AQUATIC BIOMASS CRITERIA PRINCIPLES 

AQ1 AQ2 AQ3 

Sustainable wild populations Pollution Socio-economic impacts 

 

The agreed criteria to cover these sustainability principles are included in Table 22 

Table 22. Criteria to cover the aquatic biomass principles 

Principle Criteria 

Sustainable wild populations 

Seaweed harvesting and farming must be conducted in a manner that does not lead to 
depletion of the exploited wild populations. 

Seaweed shall be collected in accordance with the minimum quantity of collectable 
algae in consideration of the amount of algae resources. 

Pollution 

Seaweed harvesting and farming activities must allow for the maintenance of the 
structure, productivity, function and diversity of the ecosystem. 

Avoid the use of prohibited substances. 

Substances that convert into nutrients shall not be used. 

Pest shall be controlled only by using a method of cultural control, physical control, 
biological control, or a combination of these methods. 

Socio-economic 

Promote safe working conditions 

Positive impact on economic development of local communities. 

Compliance with human and labour rights and responsible community relations. 

Wellbeing of local population: Operators should improve the socioeconomic conditions 
of the communities affected. 

 

3.2.3 Certification schemes used as proxies and methodology to meet the sustainable criteria for biomass 

feedstock 

Provide compliance with the sustainability criteria that ensure that the biomass source for the production of biomass-based fuels 

do not impact the environment, the ecosystem, and the communities involved in the system can proved through certification 

schemes available in the market. When some of the principles (indirect land use change criteria, food security or socio-economic 

impacts) are included in the Certification Schemes, additional methodology to prove evidence of the criteria is required.  

A deep study of these certification schemes resulted in some being accepted and included as a proxy to meet the sustainable 

biomass feedstock criteria. Certification schemes are required to cover the sustainability biomass feedstock principles detailed in 

the previous section and some governance requirements listed in Table 23. 



Climate Bonds Initiative - Bioenergy Criteria Document 

Final Document  

 

 

Bioenergy Criteria- Climate Bonds Initiative  P a g e  |  42 

Table 23. Robustness check list for governance aspects 

Option A 

Compliant with ISEAL Alliance's Code of Good Practice for 
Sustainability Systems (2023)  

Standard gives accreditation 

Option B 

Multi-stakeholder in involvement in standard development 
process  

Stakeholder consultation in certification and auditing process  

Multi-stakeholder participation in the standards system  Audits required annually  

Scientific input in development of standard  Audit sample size specified  

Transparency in public reporting  Sanction mechanisms in place  

Transparency in communication of the standards 
documents and processes  

Training of auditors 

Complaints and appeals process  Training opportunities for users of the standard  

Regular reviews and revisions of the standard  Standard gives accreditation 

 

3.2.3.1 Agricultural biomass. Food and feed crops 

Pre-approved certification schemes for agricultural biomass (food and feed crops and non-food agricultural biomass) 

There are a number of voluntary tools and certification schemes for biomass-based fuels from agricultural biomass. Climate Bonds 

screened the different tools to propose a list of voluntary standards that can be used as a proxy to meet the sustainability criteria 

detailed above. The voluntary tools must meet all the principles established and some governance requirements listed in Table 23.  

The EU funded a catalogue of sustainability certification schemes and labels, published in April 2023.57 The catalogue provides useful 

guidance to study the sustainability and governance robustness of several certification schemes for bio-based systems. 

Table 24 lists different certification schemes including the Climate Bonds principles for agricultural biomass. For those principles 

not included in the certification scheme, the issuer can provide separate evidence of meeting the criteria with the methodology 

detailed below. 

iLUC  

One of the principles of the sustainability criteria for agricultural biomass is only required for food and feed crops. The issuer must 

provide evidence that the food or feed crop do not incur important iLUC environmental impacts. This principle as well as those for 

food security criteria are not always included in the certification schemes available in the market. For that reason, the Climate Bonds 

Bioenergy Criteria develop methodologies to prove evidence of meeting these two sets of criteria for agricultural biomass. 

Food and feed crops can be qualified as low iLUC risk crops, high iLUC risk crops and also as intermediate risk crops.58 

The way to account and address iLUC risk remains debated. The principles to evaluate iLUC risk are: 

• Yield increase: Operators demonstrate that additional biomass was produced through an increase in yield, including 

multicrops, compared to a reference date, without any additional land conversion, OR; 

• Unused/degraded land: Operators demonstrate that biomass was produced out of land that was not previously cultivated 

or was considered arable land. 

However, these best practices are not always easy to measure and determine, mainly for small agriculture producers.  

Two alternatives have been adopted in recent decarbonization frameworks to assess iLUC risk management: quantitative and risk-

based approach. Quantitative approach requires modelling and they are highly influenced by model premises and subjective 

choices. Thus, quantitative approach has been criticized in the scientific and regulatory communities.59  

Risk-based approach is the other alternative for evaluating iLUC risk. IEA and G20 Energy Transition Group highlighted the 

advantages of a risk-based approach compared to adding iLUC value to the carbon intensity of biomass-based fuels.60 

Risk-based qualitive measures can be implemented at project-level, regional or global. Although project-level approaches allow for 

greater specificity and accuracy, regional and global approaches reduce administrative burdens and potentially facilitate the scaling 

up of sustainable biomass-based fuel deployment. 
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Climate Bonds Bioenergy Criteria in conversations with FSBioenergia to test the practicality of the Criteria, propose the three 

following possibilities for iLUC risk management criteria aiming to: 

• improve applicability and scalability. 

• be more attractive for economic operators. 

• reduce administrative burden 

• be effective in addressing iLUC GHG emissions. 

OPTION A. First option is to be certified with voluntary and regulatory schemes which include ILUC risk criteria to define low-iLUC 

risk projects. Certification schemes, although is effective in addressing the risk has faced numerous challenges and limited adoption. 

Few projects are certified as low iLUC risk in the EU-RED II’s context or CORSIA.61 This requires an independent audit to verify that 

the feedstock is produced through specific additionality measures (e.g., cultivation on previously unused land or documented yield 

increases) in alignment with international standards such as the EU Delegated Regulation 2019/807. (e.g. ISCC or RSB);  

OPTION B. Climate Bonds Bioenergy Criteria also incorporate quantitative approach as second option if the context is appropriated. 

The regulatory framework or certification scheme applies a standardized, official iLUC penalty factor (measured in gCO2e/MJ) to the 

total Greenhouse Gas (GHG) emission calculation. The biomass is accepted if the final GHG savings meet or exceed the required 

sustainability threshold despite the inclusion of the applied iLUC penalty. (e.g. CORSIA approved certification schemes); 

In general, these two options face significant challenges in real-world situations, especially when multiple small producers are 

involved.  The discussions concluded with a third option for demonstrating compliance with the iLUC Criteria, which can be used as 

an alternative to option A or B. 

OPTION C. The third option allows project to be qualified as low iLUC risk if the feedstock is produced within a Productive 

Intensification System officially recognised by local or national authorities with the following requirements: 

• Recent Implementation (20-Year Window): The intensification practice (e.g., introduction of sequential cropping) must 

have been implemented on the specific plot no earlier than 20 years prior to the certification assessment. 

• Non-displacement of food. The producer must demonstrate that the supply of biomass for bioenergy does not result in a 

diversion of existing food/feed products. Compliance is verified by ensuring that the current food/feed output remains at 

least equal to the 3-year historical baseline (average production) of the farm prior to the start of the bioenergy supply. 

To demonstrate compliance with these requirements regional or global data from official sources can be used when farm-level data 

are not available. 

Food security criteria 

Food and feed crops may also have important impacts on food availability. Additionally, when non-food or non-feed crops replace 

food crops that were previously cultivated on the same land, it can impact food security. 

Food security standards usually assess the risk at the national or regional level, based on macroeconomic, territorial, and land-use 

analysis. Adopting this approach, the Climate Bonds Bioenergy Criteria have screening criteria before stablishing food security 

mitigation measures. The screening criteria are based on the global hunger index (GHI) published by Welt Hunger Life, Concern 

Worldwide, and IFHV. 

The GHI is a tool for comprehensive measuring and tracking hunger at global, regional, and national levels.62 GHI scores are based 

on the values of four components indicators: 

• undernourishment; 

• child stunting; 

• child wasting; 

• child mortality. 

Based on these values, GHI scores range from 0 (no hunger) to 100. Countries are qualified: 

• low hunger risk: GHI < 10; 

• moderate hunger risk: 10.1 < GHI < 20 

• serious hunger risk: 20.1 < GHI < 35 

• alarming: 35.1 < GHI < 50 
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• extremely alarming: 50.1 < GHI 

Climate Bonds Bioenergy Criteria will require food security mitigation measures for countries with a GHI of more than 20. For those 

countries with a GHI from 10-20, an additional screening criteria are evaluated: the prevalence of undernourishment (PoU) from 

the UN Food and Agriculture Organisation (FAO). The PoU is an estimate of the proportion of the population facing serious food 

deprivation, meaning they consume an insufficient amount of dietary energy.63 

Countries or regions with a GHI value from 10-20 and a PoU greater than 5% will be required to implement the food security 

mitigation measures. 

Food security measures should be covering the following key elements: 

• Availability on food and agricultural production trends: Evidence that biomass production does not negatively affect food 

availability at local or regional level, supported by data on agricultural production trends, crop supply stability, or 

maintained or increasing food production in relevant sourcing regions. 

• Socio-environmental performance indicators: Monitoring of socio-environmental indicators such as employment 

generation, income stability, compliance with labour and social standards, and access to basic services, demonstrating that 

feedstock production supports local livelihoods and does not undermine food access or affordability. 

• Contextual and regional assessment: Use of national or regional-level food security assessments conducted by public 

authorities, statistical agencies, or multilateral organisations (e.g., FAO) as contextual references. 

3.2.3.2 Non-food agricultural biomass 

Non-food or non-feed crops will also be required to meet food security criteria detailed above in the previous section, when the 

crop replaces previous food crop on the same land.  

3.2.3.3 Forestry biomass 

As outlined in this paper, biomass from forest account for more than 80 % of the biomass supply with a potential to increase its 

contribution to biomass-based fuels. 64 However, to be included as a sustainable feedstock, criteria have been defined to cover 

multiples environmental and ecosystem impacts. 

Impacts from forest biomass have posed a great concern so many organisations have developed voluntary standards to cover and 

assess sustainable forestry biomass. As an example, the FSC voluntary standard and certification system launched its first version in 

1994. Table 25 shows the TWG analysis over the different voluntary schemes and their relationship with the sustainability criteria 

detailed in point 3.2.2.2. These certification schemes can be used as proxies to meet the sustainability criteria. 

3.2.3.4 Processes waste and residues 

As explained in point 3.2.2.3, no sustainability criteria are required for processes waste and residues biomass. Only socio-economic 

impacts must be considered and fulfilled. 

Socio-economic criteria 

Climate Bonds requirements to comply with are: 

• promoting safe-working conditions; and 

• positive impacts on economic development of local communities; and 

• compliance with human labour rights and responsible community relations. 

3.2.3.5 Aquatic biomass 

Aquatic biomass has been included as a feedstock source for bioenergy products. The TWG agreed to establish certain sustainable 

criteria equivalent to those related to agricultural biomass. Based on this philosophy and considering the available certification 

schemes, the criteria for aquatic biomass have been presented in point 3.2.2.4. Table 26 shows the certification schemes usable as 

proxies to comply with the sustainability criteria for aquatic biomass.
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Table 24. Agricultural biomass voluntary tools and their compliance with Climate Bonds sustainability criteria 

Certification 
scheme 

AGRICULTURAL BIOMASS: 
Biomass produced from agriculture, including algae if cultivated on land in ponds or in photoreactors, and residues from agriculture, aquaculture and fisheries 

Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5 Criterion 6 Criterion 7 Criterion 8 Criterion 9 Criterion 10 

ILUC risk 
management 

Soil quality and 
soil carbon 

management 

High-carbon 
stock area 

Peatland with 
drainage 

High Biodiversity 
value area 

Water use 
Pollution (air 

and fertilizers) 
Food 

security 
Socio-

economic 
Circularity 

(waste) 

ISCC including: 
ISSC-EU 
ISCC-CORSIA 
ISCC-PLUS 

Low ILUC risk 
feedstock criteria 
CORSIA principles 

Principle 1 
(Criterion 1.4) 

Principle 1 
(Criterion 1.2) 

Principle 1 
(Criterion 1.3) 

Principle 1 
(Criterion 1.1) 

Principle 2 
(Criterion 2.9) 

Principle 1 
(Criterion 2.3 

and 2.10) 

Principle 4 
(Criterion 

4.1.4) 

Principles 
3,4 and 5 

Principle 2 
(Criterion 2.7) 

RSB including: 
RSB 
RSB-CORSIA 

RSB low ILUC 
Biomass criteria 

CORSIA principles 

Principle 8 
(Criterion 8.a) 

Principle 7 
(Criterion 7.a) 

Principle 7 
(Criterion 7.a) 

Principle 7 
(Criterion 7.a) 

Principle 9 
Principles 10 

and 11 
(Criterion 11.d) 

Principle 6 
Principles 4 

and 5 
Principle 11 

ClassNK 
including: 
ClassNK-CORSIA 

Included in the 
following CORSIA 

principles 
Theme 5 Theme 2 Theme 2 Theme 7 

Theme 4 and 
12 

Theme 6 and 12 Theme 14 
Theme 10, 
11 and 13 

Theme 8 

Better Biomass Criterion 6.3.3 
Criterion 6.5.1.1 

and 6.5.1.2 
Criterion 

6.2.2. 
Criterion 6.2.2. 

Criterion 6.4.1 and 
6.4.2 

Criterion 
6.5.2.1 and 

6.5.5.2 

Criterion 
6.5.1.1, 6.5.2.1, 

6.5.3.1 and 
6.5.3.2 

Criterion 
6.3.1 

Criterion 6.6 
and 6.7 

Criterion 
6.3.2, 6.5.4.1 
and 6.5.4.2 

CORSIA 
iLUC default value 

added to the carbon 
intensity 

Principle 5 Principle 2 Principle 2 Principle 7 
Principle 4 

and 12 
Principle 6 and 

8 
Principle 14 

Principle 10, 
11 and 13 

Principle 8 

SBP Not included 
Principle 2 

(Criterion 2.2.2, 
2.2.3 and 2.2.4) 

Principle 2 
(Criterion 2.2) 

Principle 2 
(Criterion 2.2.1) 

Principle 2 
(Criterion 2.1 and 

2.2) 

Principle 2 
(Criterion 

2.2.5) 

Principle 2 
(Criterion 2.2.6 

and 2.2.7) 

Principle 4 
(Criterion 

4.2.3) 
Principle 4 

Principle 2 
(Criterion 

2.2.8) 

Better Cotton Not included Criterion 3.1 Criterion 4.2 
Criterion 2.1 

and 4.2 
Criterion 4.1 and 4.2 Criterion 2.1 

Criterion 1.1 to 
1.5, 1.8 to 1.9 

and 3.1 

Not 
included 

Criterion 
4.2, 6.1 to 

6.21 

Criterion 1.8 
and 1.10 

GGL Not included Principles 3 and 9 Principle 8 Principle 8 Principle 7 Principle 4 
Principles 4 and 

6 
Not 

included 

Chain of 
Custody 
criteria 

Not included 

2BSvs Not included Principle 4  Principle 5 Principle 6 Principle 3  Principle 8 Principle 8 
Not 

included 
Principle 9 Not included 

RSPO Not included 
Criterion 7.4 to 

7.6 
Criterion 7.12 Criterion 7.7 Criterion 7.12 Criterion 7.8 

Criterion 7.1, 
7.2, 7.10, 7.11 

and 3.4 

Criterion 
3.4, 4.3 and 

4.5  

Criterion 
2.2, 4.4 to 
4.8, 6.1 to 
6.6 and 7.2 

Criterion 7.3 
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Certification 
scheme 

AGRICULTURAL BIOMASS: 
Biomass produced from agriculture, including algae if cultivated on land in ponds or in photoreactors, and residues from agriculture, aquaculture and fisheries 

Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5 Criterion 6 Criterion 7 Criterion 8 Criterion 9 Criterion 10 

ILUC risk 
management 

Soil quality and 
soil carbon 

management 

High-carbon 
stock area 

Peatland with 
drainage 

High Biodiversity 
value area 

Water use 
Pollution (air 

and fertilizers) 
Food 

security 
Socio-

economic 
Circularity 

(waste) 

Bonsucro Not included Criterion 4.2 Criterion 4.1.3 Criterion 4.1.3 Criterion 4.1 Criterion 4.3 
Criterion 4.4, 
4.5 and 5.2 

Not 
included 

Criterion 2.1 
to 2.5 and 
5.3 and 5.4 

Criterion 5.3 

RTRS Not included Criterion 5.3 Criterion 4.4 Criterion 4.4 Criteria 4.4 and 4.5 
Criteria 5.1 

and 5.2 
Criteria 4.2 and 

Principle 5 
Not 

included 
Principles 1 

and 3 
Criterion 4.2 

FSS*  Principle 11    Principle 10  Principle 2 

Principles 
2,4,5,6,8,9,1
3,14,15,16 

and 17 

 

*FSS. Food security system is an independent voluntary scheme to cover food security impacts of biomass feedstock. It can be used in combination with other voluntary schemes that don`t 

included food security impact of the biomass. 
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Table 25. Forestry biomass voluntary tools and their compliance with Climate Bonds sustainability criteria 

Certification 
scheme 

FORESTRY BIOMASS: 
Any plant matter or tree material produced by forest growth that can be converted to an energy source, including forestry residues (domestic forest biomass is excluded as 

it is covered by other ClimateBonds criteria) 

Criterion 1 Criterion 2 Criterion 3 

Sustainable Forest Management 
Land use, land use change 

and forestry (LULUCF) 
Socio-economic 

 
Legal 

harvesting 
Forest 

regeneration 
Soil quality and 

Biodiversity 
Capacity of the 

forest 
Nature protection 

areas 
High biodiversity 

areas 
Carbon stocks and sinks 

maintained 
 
 

FSC1 Principle 1 
Criterion 10.1 

and 10.2 

Criterion 10.6, 
10.7, 10.8, 10.9 

and 10.10 
Criterion 5.2 

Criterion 6.4 and 
6.5 

Criterion 6.9, 6.10, 
6.11 and Principle 9 

Criterion 6.3 Principles 2, 3 and 4 

ISCC Criterion 1.1 Criterion 1.1 Criterion 1.1 Criterion 1.1 Criterion 1.1 Criterion 1.1 Criterion 1.2 Principles 2, 3 and 4 

SBP Principle 1 
Criterion 2.2.9 

and 2.2.10 
Criterion 2.2.3 Criterion 2.2.2 Criterion 2.1 Criterion 2.1 Principle 3 Principle 4 

GGL Principle 1 
Principles 2 

and 3 
Principle 7 Principle 4 Principle 2 Principle 7 Principles 8 and 9 Principles 10 and 11 

 

Table 26. Aquatic biomass voluntary tools and their compliance with Climate Bonds sustainability criteria 

Certification scheme 

AQUATIC BIOMASS: 
Cultivated or harvested water-based plants or algae, and associate derivates 

Criterion 1 Criterion 2 Criterion 3 

Sustainable Wild Population Pollution Socio-economic 

ASC-MSC Principle 1 Principle 2 Principles 4 and 5 

JAS  Criterion 5.1, 5.3, 5.4, 5.6 and 5.7  

MarineTrust Sections 3 and 4 Sections 3 and 4 Section 7 

 

 

 

1 Assessment from the Catalogue of sustainability certification schemes and labels by Sustainability Certification for Biobased System. Funded by European Union. 
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3.3 An overview of the criteria for adaptation & resilience (A&R) 

The IPCC defines adaptation as ‘The process of adjustment to actual or expected climate and its effects. In human systems, 

adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some natural systems, human intervention may 

facilitate adjustment to expected climate and its effects’.65 

The IPCC defines resilience as ‘The capacity of social, economic and environmental systems to cope with a hazardous event or trend 

or disturbance, responding or reorganizing in ways that maintain their essential function, identity and structure, while also 

maintaining the capacity for adaptation, learning and transformation’. Capacity for adaptation and for resilience will depend on 

available assets and their distribution within a population as well as institutional infrastructure. 

The Climate Resilience Principles offer the following definition to inspire investors and issuer engagement: ‘Climate resilience 

investments improve the ability of assets and systems to persist, adapt and/or transform in a timely, efficient, and fair manner that 

reduces risk, avoids maladaptation, unlocks development, and creates benefits, including for the public good, against the increasing 

prevalence and severity of climate-related stresses and shocks’. 

3.3.1 Key aspects to be assessed 

Climate A&R Criteria are designed to ensure that a project itself is resilient to climate change and that it does not affect the resilience 

of other sectors. The development of the requirements for the A&R component was based on the Climate Bonds Resilience 

Principles.66 Figure 15 gives an overview of the six principles for resilience. From the perspective of an entity, the Climate Adaptation 

and Resilience Criteria aim to assure that the entity will be able to provide its commodity taking into account the hazard risks 

associated with climate change without harming the resilience of other sectors or subsectors eventually connected within the 

boundaries of the entity. 

Figure 15: The CBI’s principles for Resilience. 

 

 

Source: Climate Bonds Initiative 

While the principles provide a framework and serve as guidance for general aspects to consider, the challenges and limitations to 

assess the adaptation and resilience aspects in general must be recognised. Such limitations include the lack of awareness of climate 

resilience benefits and a common language, robust data on climate risks and common methodologies for climate risk assessment, 

lack of capacity, and interdependencies with other assets or actors in the supply chains. It is also acknowledged that A&R has 

inherent complexities which makes it harder to quantify and it can be very context specific, depending not only on location but also 

on the type of asset, the type of risk, the level of severity and frequency of the risk, among other factors. The frequency and 

magnitude of the impacts are commonly underestimated by companies.  

In the case of an entity owning and operating several assets spread geographically, an A&R assessment of each asset may involve 

additional difficulties in assessing the Criteria for each plant and for the whole entity as the sum of all the individual assets. 

A&R Criteria for Entity Certification require the entity to undertake and assessment of the climate hazards to it which will be exposed 

and vulnerable over its operating life, including the measures and plan implemented to manage and mitigate the risks identified. 
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The Criteria also require ongoing monitoring and evaluation of the relevance of the risks and resilience measures, and related 

projects adjustments as needed. 

3.3.2 Practical considerations for this Component 

Leverage existing tools 

The A&R Component requires consideration of a highly complex and varied set of issues across the environmental and social 

spectrum for which data, methodologies, and metrics may not be available. Qualitative methods based on verification lists or 

questionnaires have been proposed which can however be leveraged. It is not appropriate for Climate Bonds to commit resources 

to address these issues, and the guiding principle of simplicity shall be applied at this time. More robust criteria can be developed 

over time as more information is generated and integrated in the subsequent revisions of the Criteria.  

However, it should be noted that existing methods do not always fully or explicitly cover the additional, often interrelated impacts 

connected to climate adaptation and resilience. Many of the risk assessments and management processes specified by existing 

guidelines will be a prerequisite for identifying A&R risks, but more may be needed to fully address them given that this is an 

emerging topic.  

Minimise the assessment burden 

In addition, there needs to be a balance between rigour and practicality. Any Criteria with a prohibitively expensive assessment 

burden will discourage Certification so any methodology adopted needs to avoid this. 

Retrospective application 

Finance raised in this sector may be for new, green field facilities, for retrofits or upgrades to existing facilities, or straight refinancing 

of an existing facility. Therefore, any proposal and associated approved assessment tool under this component needs to be usable 

for both new and existing facilities.  

This is not a straightforward issue; as in the case of refinancing, the facility may have been operating for a number of years. It may 

have been compliant with best practices in place at the time of its implementation but may not meet current best practice 

requirements. The selected methodology and tool will therefore need to be able to address and resolve any legacy issues that may 

be identified.  

Timeframes  

Appropriate time horizons for climate resilience assessments need to be set for the assets and activities in scope which are set 

based on the typical lifetimes of assets in the sector; on average 30 years.67 

Disclosure 

As part of the monitoring and evaluation principle, there are requirements for reporting and disclosing risks assessments. Currently 
there are a number of issues including: 

• a lack of alignment or harmonisation as reporting is often undertaken on a voluntary basis; 
• the comprehensiveness can be low which leads to accusations of greenwashing; 
• the frequency for reporting and updating the assessment varies (recognising that the time horizons for revisiting the 

assessments will likely depend on the level of risk of a facility so that low risk facilities can have long time horizons, and 
high-risk facilities short time horizons), with the severity of the risk determining the time horizon. 

Wider environmental and social risks  

While these are complex and interconnected, and should be assessed under these Criteria, the following points are noted: 

• The Climate Bonds Standard is focused on climate impacts including low-GHG compatibility (mitigation) and also climate 
adaptation and resilience; although defining resilience can be challenging.  However, it is clear that many topics which have 
been a part of environmental and social assessments for a number of years overlap significantly with the resilience of 
affected populations and ecosystems, and their ability to adapt to climate change. 

• The most obvious example is the potential impact of climate change on hydrological conditions, and consequently water 
supply and local livelihoods. Another is climate change exacerbating ecological problems such as impaired species 
migration and algal blooms. Environmental and social impacts such as these, already complex and interconnected, increase 
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when climate change impacts and risks are taken into account, so there is a logic to addressing all key environmental 
factors, rather than trying to separate them out. 

The Climate Bonds Standard does not usually address primarily social impact issues, which were discussed but not considered within 

scope. 

3.3.3 Existing tools and guidelines considered 

A range of existing tools and guidelines with the most potential to be leveraged for the Bioenergy Criteria are listed below, with a 

brief indication of whether they were taken forward for further consideration or not. 

Risk Assessment and Climate Scenarios 

• The ISO 14091:2021 Adaptation to climate change - Guidelines on vulnerability, impacts and risk assessment standard offers 

guidelines for assessing the risks related to the potential impacts of climate change.68 

• Risks can be characterised by the associated annual probability of failure or annual costs of loss or damage. 

• For risk assessment, the TCFD The Use of Scenario Analysis in Disclosure of Climate Related Risks and Opportunities is 

recommended. 

• A broad range of models can be used to generate climate scenarios. Users should apply climate scenarios based on 

representative concentration pathway (RCP) 4.5 and 8.5 or similar/equivalent to ensure consideration for the worst case 

scenario. (The IPCC ‘Shared Socioeconomic Pathways’ to develop potential temperature scenarios. SSP5-8.5 is the highest 

warming pathway, SSP3-7.0 the second highest and so on).  

• The IPCC Sixth Assessment report also provides an indication as to how different temperatures impact the likelihood and 

severity of different climate impacts. 

• A framework for risk management for climate security. 69 

• Climate Change Risk Assessment Guidelines. 70 
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