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Foreword 

The IPCC Working Group III (WGIII) contribution to the Sixth Assessment Report (AR6) states that “The 
deployment of carbon dioxide removal (CDR) technologies to counterbalance hard-to-abate residual 
emissions is unavoidable if net zero CO2 or GHG emissions are to be achieved”.  

With this context in mind, the IPCC Panel requested the Task Force on National Greenhouse Gas 
Inventories (TFI) to develop a Methodology Report for the preparation of national greenhouse gas 
inventories on Carbon Dioxide Removal Technologies, Carbon Capture Utilization and Storage (Dec. 
IPCC-LX- 9). 

The 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidelines) already 
provides methods for the estimation of emissions and removals from some of these CDR activities and 
also for activities relating to carbon capture, utilisation and storage (CCUS).   After 20 years a review of 
these methods is timely, however, given the development of new science and empirical data and because 
of the emergence of new technologies for CDR. 

IPCC Methodology Reports are prepared by the IPCC TFI and should not be conflated with IPCC 
Assessment Reports, which are the business of the IPCC Working Groups. This Methodology Report will 
be like other IPCC TFI Methodology Reports such as the 2006 IPCC Guidelines and will be designed to 
ensure that the methodologies available to governments to estimate anthropogenic emissions and 
removals reflect the latest technological trends and the latest science.   

Questions about the potential deployment, legal/social/environmental/sustainability impacts or challenges 
of implementation of CDRs will be addressed as per current practice through the work of the Assessment 
processes of the IPCC Working Groups.  This TFI Methodology Report will make no judgement about the 
desirability or otherwise of these CDR technologies only that, should they be deployed, governments will 
estimate the associated emissions and removals applying methods and approaches that comply with 
IPCC TFI principles of transparency, accuracy, time series consistency, comparability and completeness. 

The first step in the development of the Methodology Report on CDR technologies and CCUS has been 
to convene a Scoping Meeting to produce an outline of the Report in accordance with IPCC procedures.  

The Scoping Meeting was held on 14-16 October 2024 in Copenhagen, Denmark.   

As Co-Chairs of the IPCC TFI we are pleased to present this Meeting Report of that Scoping Meeting. 

The recommendations in this Report will be considered by the IPCC in early 2025 and, following the 
decision of governments, a Methodology Report will be prepared through the course of four Lead Author 
Meetings with the final report to be considered by the IPCC by the end of 2027. 

We would like to thank all those involved in the Scoping Meeting namely the experts, the members of 
TFB and the members of TSU for their contributions toward making this meeting a success.  

In particular, we would like to express our sincere gratitude to the Government of Denmark and the Danish 
Meteorological Institute for their generous support in hosting this meeting. 
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Executive Summary 

 

The Intergovernmental Panel on Climate Change (IPCC) decided that the Task Force on National 
Greenhouse Gas Inventories (TFI) should produce an IPCC Methodology Report on Carbon Dioxide 
Removal Technologies, Carbon Capture Utilization and Storage at its 60th Session on 16-19 January 
2024 in Istanbul, Türkiye (Decision IPCC-LX-9). 

The first step in the development of a Methodology Report on Carbon Dioxide Removal Technologies 
Carbon Capture Utilization and Storage has been to convene the Scoping Meeting to produce an outline 
of the Methodology Report in accordance with the Appendix A to the Principles Governing IPCC Work, 
which contains the procedures for the preparation, review, acceptance, adoption, approval and 
publication of IPCC reports.  

Preparation for the Scoping Meeting started in June 2024 with a call for nomination of experts issued to 
IPCC Member States and Observer Organizations by the IPCC Secretary.  Invitees to the meeting were 
selected by the Bureau of TFI (TFB) from the nominations received on the basis of their expertise while 
addressing geographical representation and gender balance.  

The participants of the Scoping Meeting recommend the title of the Report to be 2027 Methodology Report 
on Carbon Dioxide Removal Technologies, Carbon Capture, Utilization and Storage: (Supplement to the 
2006 IPCC Guidelines). 

Other elements of the outline for this Methodology Report are included in this Meeting Report as follows: 

• Draft Terms of Reference for 2027 Methodology Report on Carbon Dioxide Removal 
Technologies, Carbon Capture, Utilization and Storage is presented in Appendix 1;  

• Draft Table of Contents is presented in Appendix 2; 

• Draft Instructions to Experts and Authors is presented in Appendix 3; and 

• The Work plan recommended by the TFB is presented in Appendix 4.  

The recommendations and documents in Appendix 1 to Appendix 4 will constitute the basis of the TFI 
proposal for the outline for the 2027 Methodology Report on Carbon Dioxide Removal Technologies, 
Carbon Capture, Utilization and Storage: (Supplement to the 2006 IPCC Guidelines) to be presented to 
the IPCC-62 in early 2025 for the consideration by governments. 

A summary of Meeting discussions is included in sections 1-5 of this Report. 

 

 

  



 

4 

 

Table of Contents 

Foreword.................................................................................................................................................. 2 

Executive Summary ................................................................................................................................ 3 

Glossary .................................................................................................................................................. 6 

1. Introduction .................................................................................................................................... 8 

2. Meeting Discussions ...................................................................................................................... 9 

2.1 Specific conceptual considerations ....................................................................................... 9 

Definition of removals ................................................................................................... 9 

Definition of anthropogenic removals .......................................................................... 9 

Meaning of technologies ............................................................................................... 9 

Estimation of anthropogenic removals on land ............................................................ 9 

The negative CO2 emissions artefact ........................................................................... 10 

Treatment of captured and stored CO2 ....................................................................... 10 

2.2 Introduction to general inventory concepts in the IPCC Guidelines ................................. 11 

The IPCC Guidelines offer practical guidance .............................................................. 11 

Importance of transparency ........................................................................................ 11 

The IPCC Guidelines should be read in conjunction with the UNFCCC ....................... 12 

2.3 Technologies under consideration ....................................................................................... 12 

2.4 Assessment Criteria for new source or removal categories .............................................. 13 

1. Gaps in the IPCC Guidance or need for updates ............................................... 13 

2. Delineation of the sink or source ....................................................................... 13 

3. Current and expected significance of the sink or source .................................. 13 

4. Capacity to generalize tier 1 default values....................................................... 13 

5. Feasibility of being able to specify higher tier methods .................................... 14 

6. Feasibility of verification activities .................................................................... 14 

3. Sectoral Discussions ................................................................................................................... 15 

3.1 Carbon capture, utilization and geological storage and IPPU issues ................................ 15 

Listing of new technologies ......................................................................................... 15 

Updated or additional guidance .................................................................................. 17 

Evaluation of omitted or referred technologies .......................................................... 17 

3.2 Agriculture, Forestry and Other Land Use (AFOLU) and related Issues ........................... 17 

Listing of new technologies ......................................................................................... 17 

Updated or additional guidance .................................................................................. 18 

Evaluation of omitted technologies ............................................................................ 20 

4. References and relevant academic literature ............................................................................ 22 

Technology 1 Direct Air Capture ................................................................................. 22 



 

5 

 

Carbon Capture, Utilization and Storage ..................................................................... 22 

Technology 2.(i)  Carbonation: cement ....................................................................... 23 

Technology 2 (ii) Carbonation: utilization and storage of carbon dioxide in mining 

products and slags ....................................................................................................... 24 

Technology 2 (iii) Alkalinity of water bodies ............................................................... 25 

Technology 2(iv) Enhanced weathering ...................................................................... 25 

Technology 3: Direct removal of CO2 from water bodies ............................................ 27 

Technology 4: Enhanced oil, gas or coalbed methane recovery ................................. 27 

Technology 5: Production of CO2 containing products ............................................... 27 

Technology 6: Consumption of CO2 containing products ........................................... 27 

Technology 7: Biochar ................................................................................................. 27 

Technology 8: Enhancing coastal wetlands carbon stocks .......................................... 28 

Technology 9: Durable biomass products ................................................................... 32 

Technology 10: Wastewater CDR CCUS ...................................................................... 32 

Technology 11: Open oceans – ocean fertilisation ..................................................... 32 

Other literature ........................................................................................................... 32 

5.  Conclusions ..................................................................................................................................... 34 

Appendices............................................................................................................................................ 35 

Appendix 1. Terms of Reference (ToR) .......................................................................................... 35 

Appendix 2. Table of Contents (ToC) .............................................................................................. 37 

Appendix 3. Instructions to Experts and Authors ......................................................................... 41 

Appendix 4. Workplan ...................................................................................................................... 51 

Appendix 5. Agenda of the Scoping Meeting ................................................................................. 53 

Appendix 6. List of Participants ...................................................................................................... 55 

Appendix 7. List of Acronyms and Abbreviations ......................................................................... 59 

 



 

6 

 

Glossary 
 

Removals - are the consequence of sink activities (2006 IPCC Guidelines Glossary).  

Sink - means any process, activity or mechanism which removes a greenhouse gas, an aerosol or a 
precursor of a greenhouse gas from the atmosphere (UNFCCC)1.    

Reservoir - means a component or components of the climate system where a greenhouse gas or a 
precursor of a greenhouse gas is stored (UNFCCC)2.  

Emissions - means the release of greenhouse gases and/or their precursors into the atmosphere over a 
specified area and period of time (UNFCCC).  

Source - means any process or activity which releases a greenhouse gas, an aerosol or a precursor of 
a greenhouse gas into the atmosphere (UNFCCC).  

Anthropogenic emissions and removals - means that greenhouse gas emissions and removals 
included in national inventories are a result of human activities (2019 Refinement to the 20006 IPCC 
Guidelines Vol 1.1.1 page 1.5).   

In the AFOLU sector, emissions and removals on managed land are taken as a proxy for anthropogenic 
emissions and removals (Managed Land Proxy) (2019 Refinement to the 2006 IPCC Guidelines Vol 
1.1.1 page 1.5).    

Managed land is land where human interventions and practices have been applied to perform production, 
ecological or social functions (2006 IPCC Guidelines Vol 4.1.1 page 1.5).  

In the case of wetlands, the 2006 IPCC Guidelines restricted managed wetlands to those lands where 
the water table is artificially changed (i.e. lowered or raised). Further, the Wetlands Supplement extends 
this coverage also to include wetlands created (e.g. constructed), or where emissions and removals from 
coastal wetlands are attributed to specified human activities. (IPCC 2013 Wetlands Supplement O.8).   

National Greenhouse Gas Inventories - a greenhouse gas inventory includes a set of standard reporting 
tables covering all relevant gases, categories and years (2019 Refinement to the 2006 IPCC Guidelines, 
Vol 1.1.1 page 1.6).  

TSU Note: Coverage: sources and sinks – Inventories should be a complete account of anthropogenic 
sources and sinks consistent with the UNFCCC definitions and generally include, as a minimum, 
estimates of the anthropogenic sources and sinks identified by the IPCC Guidelines.  

Coverage: territorial - National inventories should include anthropogenic greenhouse gas emissions and 
removals taking place within national territory and offshore areas over which the country has jurisdiction 
(2019 Refinement to the 2006 IPCC Guidelines, Vol 1.1.1 page 1.6).     

Coastal wetlands may extend to the landward extent of tidal inundation and may extend seaward to the 
maximum depth of vascular plant vegetation (IPCC 2013 Wetlands Supplement 4.1.1 page 4.6).  

Changes in soil carbon stocks combines the change in soil organic C stocks for mineral soils and CO2 
emissions from organic soils; and stock changes associated with soil inorganic C pools 3   (2019 
Refinement to the 2006 IPCC Guidelines Vol 4.2.3.3 page 2.29.  

IPCC classification system – greenhouse gas emission and removal estimates are divided into main 
sectors, which are groupings of related processes, sources and sinks.4   High level categories include:  

1. Energy  

o A. Fuel Combustion  

 
1 Examples of sink activities include Direct Air Capture technologies and photosynthesis. 
2 including terrestrial, coastal waters and ocean bodies, geological storage and storage in products. 
3 For Tier 3 only. 
4 According to type of process. 
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o B. Fugitive Emissions from fossil fuel extraction and distribution;  

o C. Carbon Dioxide Capture, Transport and Storage  

2. Industrial Processes and Product Use  (IPPU) 

3.  Agriculture, Forestry and Other Land Use (AFOLU)  

4.  Waste  

The AFOLU sector is sub-divided into estimation of non-CO2 emissions from Agriculture (livestock and 
from soil management) and the mainly carbon stock changes occurring on managed lands:  

• Forest Land  

• Cropland  

• Grassland  

• Wetlands  

• Settlements  

• Other land.  

TSU Note: This classification system is designed to assist national inventory compilers to enhance 
transparency and to report anthropogenic emissions and removals when and where they occur.  

TSU Note: IPCC Guidelines should be taken to include the 2019 Refinement to the 2006 IPCC 
Guidelines (IPCC 2019), the 2006 IPCC Guidelines for National Greenhouse Gas Inventories and the 
2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands. 
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1. Introduction 
 

The IPCC decided that the Task Force on National Greenhouse Gas Inventories (TFI) should produce an 
IPCC Methodology Report on Carbon Dioxide Removal Technologies, Carbon Capture Utilization and 
Storage (CDR CCUS) at its 60th Session on 16-19 January 2024 in Istanbul, Türkiye (Decision IPCC-LX-
9). 

The Scoping Meeting to make recommendations for an outline for this Methodology Report on CDR and 
CCUS was held on 14-16 October 2024 in Copenhagen, Denmark.  

The nomination letter for the Scoping Meeting was sent by IPCC Secretariat to the IPCC Focal Points 

and Observer Organisations on 14 June 2024 and 612 nominations were received.  The selection of 

invitees was implemented by the IPCC TFI TFB, in consultation with representatives from the IPCC 

Bureau.  Invitations were issued by the TFI Co-Chairs from 13 August 2024.   

The Scoping Meeting was attended by 78 experts including 8 members of the IPCC TFB (the list of 
participants is provided in Appendix 6).   

The Meeting was tasked with considering the title and format of the Methodology Report and to prepare 
draft Terms of Reference (ToR), draft Table of Contents (ToC) and draft Instructions to Experts and 
Authors for the Methodology Report.  

• Terms of Reference (ToR) - The ToR sets out the background, the scope and coverage, the 
approach and a work plan for the production of the Methodology Report; 

• Table of Contents (ToC) – The ToC sets the aggregated outline for chapters of the Methodology 
Report;  

• Draft Instructions to Experts and Authors - These instructions to experts and authors are 
intended to ensure a consistent and coherent approach across all methodologies, volumes and 
chapters, including the use of common terminology; and 

• Draft Work Plan – the Workplan shows the timeline for production of the Methodology Report.  

Working drafts of these documents were prepared by the Technical Support Unit (TSU) to support the 

work of participants based on the report of an IPCC Expert Meeting on CDR and CCUS held in Vienna, 

Austria on 1-3 July 2024 and on scoping documentation for previous TFI Methodology Reports.   

The Report of that Expert Meeting, along with presentations by experts, has been published on the TFI 

website at: CDR_CCUS_EM_Report (iges.or.jp). 

The adopted agenda for the Scoping Meeting is presented in Appendix 5.  The Scoping Meeting was 
organized into three Plenary sessions and parallel work in two Break-Out Groups (BOGs).  The first 
Plenary session introduced the background and objectives of the meeting; the second Plenary session 
was aimed at taking stock of the progress of the work of the BOGs and to discuss cross-BOG issues; 
and the final Plenary session concluded on the title and format and on the documents: ToR, ToC, 
Instructions to Experts and Authors. 

The following two Break Out Groups (BOGs) were organized to facilitate detailed discussions amongst 
participants: 

1. BOG 1 – topics mainly related to the removal and/or capture of carbon dioxide and its storage 
and other topics outside of Agriculture, Forestry and Other Land Use (AFOLU); and 

2. BOG 2 – AFOLU topics mainly related to the removal of carbon dioxide and storage in soils and 
water. 

Discussions and conclusions of the meeting are summarized in this Report while the draft Outline 
documents are presented in Appendixes 1-4.  

The Scoping Meeting presentations (from TSU and BOGs) are available together with this report at 
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/2410_CDR_CCUS_Scoping.html 
  

https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS_Report.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/2410_CDR_CCUS_Scoping.html
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2. Meeting Discussions 
 

The Meeting participants considered IPCC Guideline concepts presented on Day 1 by the IPCC TFI TSU, 
drawing from the Background paper made available to participants. 

2.1 Specific conceptual considerations  

The Meeting considered key definitional issues including the meaning of ‘removals’, ‘anthropogenic 
removals’, ‘technologies’, ‘negative emissions’ and ‘storage’ as well ‘anthropogenic removals on land’. 

Definition of removals  

From the glossary, a sink is any activity that removes carbon dioxide from the atmosphere5.  It follows 
that a removal is the consequence of sink activities6. 

Technologies that generate direct air capture will constitute a sink activity because they remove carbon 
dioxide from the atmosphere (like a tree).   

This case is distinguished from the case where carbon dioxide is captured from an on-site stream of 
carbon dioxide generated by human activity (for example, capturing a stream of carbon dioxide from the 
stack of a power plant or from a fossil fuel extraction facility).  These activities do not constitute removal 
activities because they do not remove carbon dioxide from the atmosphere, although they are 
nevertheless also valuable because they reduce emissions to the atmosphere. 

The application of these definitions was a source of debate in the Meeting.  The participants agreed this 
issue should be carefully considered by the authors of this Report. 

The relevant definitions included in the glossary in this Report are taken from the definitions in the UN 
Framework Convention on Climate Change (sink) and from the glossary of the 2006 IPCC Guidelines 
(removals). 

Definition of anthropogenic removals 

From the glossary, anthropogenic removals and emissions means that greenhouse gas emissions and 
removals included in national inventories are a result of human activities.   

It was noted that the IPCC will develop a glossary of definitions for the IPCC Seventh Assessment Report 
cycle, including definitions for anthropogenic removals and emissions.  The need for a coordinated 
glossary across IPCC working groups/task force was raised.  The participants agreed this issue should 
be carefully considered by the authors of this Report as well as those of the WGs Assessment Reports. 

Meaning of technologies 

In Meeting discussions, ‘Technologies’ was not explicitly defined by participants but was implicitly taken 
to mean human activities that result in removals or emissions that should be included in national 
greenhouse gas inventories.   

Estimation of anthropogenic removals on land 

According to the IPCC Guidelines, anthropogenic removals and emissions on land are estimated using 
the managed land proxy – that is, all estimated carbon dioxide removals and emissions on ‘managed land’ 
are considered anthropogenic (except for removals and emissions associated with natural disturbances7).    

 
5 The UNFCCC definition is used in the IPCC Guidelines. 
6 2006 IPCC Guidelines. 

7 Natural disturbances in the context of the AFOLU sector are non-anthropogenic events or non-anthropogenic circumstances 

that cause significant emissions and are beyond the control of, and not materially influenced by a country. These include wildfires, 
insect and disease infestations, extreme weather events and/or geological disturbances, beyond the control of, and not materially 
influenced by a country. Natural disturbances exclude human activities such as harvesting, prescribed burning and fires 
associated with activities such as slash and burn (2019 Refinement Vol 4.2.6.1.2 page. 2.69). 
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Background note: The origins of the managed land proxy concept included in the glossary to this Report 
can be traced back to the IPCC 2003.  The key rationale for this approach is that the preponderance of 
anthropogenic effects occurs on managed lands. By definition, all direct human-induced effects on 
greenhouse gas emissions and removals occur on managed lands only. While it is recognized that no 
area of the Earth’s surface is entirely free of human influence (e.g., CO2 fertilization), many indirect human 
influences on greenhouse gases (e.g., increased N deposition, accidental fire) will be manifested 
predominately on managed lands, where human activities are concentrated. Finally, while local and short-
term variability in emissions and removals due to natural causes can be substantial (e.g., emissions from 
fire), the natural ‘background’ of greenhouse gas emissions and removals by sinks tends to average out 
over time and space. This leaves the greenhouse gas emissions and removals from managed lands as 
the dominant result of human activity (2006 IPCC Guidelines, Volume 1.1 page 1.5).  In the report of a 
recent IPCC TFI Expert Meeting on Reconciling Anthropogenic Emissions from Land Use:   

..countries - by following the IPCC Guidelines for NGHGIs (IPCC 2006, 2019) and its ‘managed land proxy’ 
- consider a large part of the land sink to be anthropogenic …. This is because, especially in areas where 
land-use changes do not occur (e.g., forests that remain unchanged), it is often not possible to factor out 
direct and indirect effects using the observational data typically available from NGHGI and used for 
managing land resources, such as forest inventories (Canadell et al 2007 ,  IPCC 2009). This approach 
by NGHGI is what Parties of the Paris Agreement are required to follow under the Enhanced Transparency 
Framework. 

IPCC Expert Meeting on Reconciling Anthropogenic Land Use Emissions, 9-11 July 2024, Ispra, Italy 

The negative CO2 emissions artefact  

It was also noted that the notion of ‘negative CO2 emissions’ is not defined by the IPCC Guidelines, being 
a term used in one instance when aggregating a number of processes into a particular narrative 
(Bioenergy with carbon capture and storage, BECCS).   

In that single case, its function was to record an artificial ‘negative CO2 emission’ in the Energy sector for 
one part of this BECCS process to cancel the artificial CO2 emission reported in the AFOLU sector 
resulting not from an actual emission process but from the transfer of carbon out of the biomass or HWP 
pool.   

In this case, the function of the negative emissions term was to offset the over-estimation of net emissions 
recorded in the AFOLU sector and should not be conflated with an actual removal from the atmosphere 
at the point of capture and storage. 

Another example occurs in the case of carbon dioxide captured from a process gas stream such as in a 
smoke stack at a power station.  Here the IPCC methods indicate a deduction is recorded for the amount 
of carbon dioxide captured from the estimated potential emissions – commonly based on analysis of fuel 
inputs - which, if unadjusted, would result in an overestimation of net emissions.  If these emissions had 
instead been estimated using end-of-pipe direct measurement techniques, then the amount of captured 
carbon dioxide would have been irrelevant to the estimate of emissions at that facility.   

In this case, the function of the deduction for the amount of carbon dioxide captured is to offset the over-
estimation of emissions caused by the IPCC estimation method and it does not count for an actual 
removal from the atmosphere. 

Treatment of captured and stored CO2  

Currently, the IPCC Guidelines only allows for subtraction of captured CO2 at the source against estimated 
potential emissions, as in the example above, if the captured CO2 is for a long-term storage or otherwise 
included in the inventory. 

The concepts of ‘storage’ or ‘long term storage’ are not explicitly defined in the IPCC Guidelines.  They 
may need to be reviewed which could have implications for the structure of the inventory if, for example, 
the concept of storage was extended to include captured CO2 used in products with short lifetimes (such 
as fuels or beverages).  The application of storage concepts was a source of debate in the Meeting. The 
participants agreed this issue should be carefully considered by the authors of this Report.  

https://www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.html
https://www.ipcc-nggip.iges.or.jp/index.html
https://www.sciencedirect.com/science/article/abs/pii/S1462901107000238
https://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/0905_MLP_Report.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/2407_EM_Land.html
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2.2 Introduction to general inventory concepts in the IPCC Guidelines 

The Meeting considered the nature of the IPCC Guidelines presented on Day 1 by the IPCC TFI TSU, 
drawing from the Background paper made available to participants.  

The main application of the IPCC Guidelines is for users to create GHG inventories for international 
reporting (for example, to the UN Framework Convention on Climate Change (UNFCCC)).   

The IPCC Guidelines aim to help countries accurately estimate and report anthropogenic GHG emissions 
and removals reliably and to provide methods and tools for the consistent compilation of GHG inventories 
over time and across countries. 

The IPCC Guidelines do not assess the potential of emission reduction measures or mitigation strategies 
and are not focused on policy recommendations. 

The IPCC Guidelines offer practical guidance  

The 2006 IPCC Guidelines achieve their purpose by offering practical guidance to help compilers estimate 
greenhouse gas emissions and removals.  

Individual sectoral chapters of the 2006 IPCC guidelines offer detailed sections like overview, introduction, 
and category descriptions to help identify emission sources and removal sinks:   

• Clear definitions of emission sources and removal sinks by sector; 

• Explanation of how emissions or removals are produced (combustion, chemical, biological, etc.); 

• Identification of expected GHGs for each source; 

• Sector splits and activity breakdowns for accurate categorization; and 

• Cross-references to other sectors to prevent double-counting. 

IPCC Guidance is provided as good practice, rather than as standardized rules and is flexible, 

adaptable to each country’s national circumstances and encourages continuous improvement. 

The Guidelines focus on the best practical estimate, avoids biases and aims to minimize uncertainties, 
and supports global comparability of inventories even across countries with different data levels.   

Flexibility is provided to inventory compilers in the selection of emission or removal estimation methods 
through the tiered approach, with detailed sections offering methods for different data availability levels: 

• Tier 1: Basic methods using default data. 

• Tier 2: Intermediate methods with more specific national data. 

• Tier 3: Detailed, country-specific methods using complex models and datasets. 

Decision trees guide compilers in the selection of the appropriate tier based on significance, data quality 
and data availability. 

Importance of transparency  

The IPCC Guidance supports the building of trust in inventories through transparency requiring clear 
documentation of methods, data, and assumptions.  To support the production of inventories that are 
reliable and transparent, the 2006 IPCC Guidelines provide the following tools and procedures for GHG’s 
Inventory compilers: 

• Tools for identifying all emission sources, sectors and gases, and cross-checks to avoid 
omissions or double-counting. 

• Methods for ensuring consistent datasets and GHG estimates and recalculating past years when 
methods or data change. 

• Guidelines for quantifying uncertainties in activity data, emission factors and GHG estimates, 
improving reliability. 

• Structured QA/QC procedures, including checklists for data reviews and external validations. 

• Templates and guidance for reporting GHG estimates and documenting methodologies, 
assumptions, and recalculations for transparency. 
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The IPCC Guidelines should be read in conjunction with the UNFCCC  

The IPCC Guidelines already support the reporting of removals from direct air capture. 

This is because the Guidelines should be read in conjunction with the UNFCCC, which provides for the 
reporting of anthropogenic sinks from any process, activity or mechanism which removes a greenhouse 
gas from the atmosphere - this includes direct air capture technologies, for example, or the passive 
carbonation of cement. 

The Guidelines support this UNFCCC sink definition by providing for any estimated removal from a 
previously undescribed CDR technology to be reported under the generic ‘other’ category provided in the 
IPCC classification system for all sectors and for a number of categories. 

The role of the default estimation methodologies described in the IPCC Guidelines, therefore, is better 
understood as underpinning the scope of a set of minimum anthropogenic emissions and removals that 
should be reported by inventory compilers – but those do not limit what additional sinks and sources 
compilers can estimate and report. 

The provision of IPCC methodologies for these CDR technologies is intended to underpin the routine 
reporting of removals from these technologies in national inventories in future.  

Debate on this topic was well noted by participants to the Meeting. 

2.3 Technologies under consideration 

The IPCC Working Group III (WGIII) contribution to the Sixth Assessment Report (AR6) provides a 

summary of the role for CDR technologies in future mitigation pathways (Table TS.7). 

The IPCC WGIII identified 12 CDR technologies of importance for the delivery of these pathways.  Some 
of these technologies, like afforestation/reforestation, have been well reviewed for previous updates of 
the IPCC Guidelines and were not considered further.   

Table 1: List of CDR Technologies and CCUS processes under consideration  

CDR and CCUS processes 

1. Direct air capture 

2. Carbonation: 

(i) Cement 

(ii) Industry slags and wastes 

(iii) Alkalinization of water bodies 

(iv)  Enhanced weathering 

3. Direct removal of CO2 from water bodies 

4. Enhanced oil, gas or coalbed methane recovery 

5. Production of CO2 containing products 

6. Consumption & use of CO2 containing products 

7. Biochar 

8. Enhancing biomass in coastal waters/wetlands 

9. Other durable biomass products 

10. Wastewater based CDR/CCUS 

11. Open ocean fertilization and alkalinization 

12. Other 

Source: TSU opening presentation, derived from IPCC (2024). IPCC Expert Meeting on Carbon Dioxide Removal Technologies 
and Carbon Capture, Utilization and Storage Eds: Enoki, T., Hayat, M., Report of the IPCC Expert Meeting, Pub. IGES, Japan. 

https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_TechnicalSummary.pdf#page=69
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The participants to the Scoping Meeting considered the list of technologies in Table 1, which was the 
IPCC WGIII list but amended in light of discussions at the IPCC Expert Meeting held in Vienna, Austria, 
on 1-3 July 2024.  This list of technologies was also added to during the course of the Scoping Meeting. 

 

2.4 Assessment Criteria for new source or removal categories 

Participants assessed and evaluated CDR technologies (and CCUS processes) and associated potential 

sinks or source processes for inclusion in the IPCC Guidelines, or update of the existing Guidelines, using 
the following criteria (which draw on the criteria used for the 2019 Refinement of the 2006 IPCC 
Guidelines): 

1. Gaps in the IPCC Guidance or need for updates 

Participants considered the identification of gaps in the existing IPCC Guidelines for specific 
anthropogenic sinks or sources; and the identification of relevant existing sources and sinks where an 
update of the Guidelines was considered necessary or desirable. 

2. Delineation of the sink or source 

Participants considered the delineation of anthropogenic sinks and sources within territorial boundaries 
as part of the process of considering the feasibility of being able to specify estimation methodologies.  

3. Current and expected significance of the sink or source 

Participants considered the data requirements to be imposed on inventory compilers since the 
development of methods for sources or sinks that are expected to be of only minor consequence in future 
will not have great utility. 

4. Capacity to generalize tier 1 default values 

Participants considered whether the scientific and empirical evidence exists to parameterise a tier 1 and, 
in some cases, tier 2 estimation method with confidence and in order to meet the IPCC Tier 1 methodology 
stipulation that it should be applicable under any national circumstances:  

Background note:  

There should be availability of the necessary activity data to implement the methods (readily available 
national or international statistics); and there should be ability to specify tier 1 default values: sufficient 
availability of data to calculate a global (at least) value from a sample large enough to have it as a central 
value; and which should be expected to produce unbiased estimates, so far as can be judged. There is 
no quantitative threshold for the number of empirical studies required to support the establishment of a 
default factor. 

Instances of non-specification of tier 1 method  

In some instances, where no global default values can be produced by authors according to the relevant 
criteria, the IPCC Guidelines provides the methodology only as a higher order method.  Examples include 
for carbon capture and storage, soil inorganic carbon and for biochar (the 2006 IPCC Guidelines Vol 
2:  5.7 page 5.13 , 2006 IPCC Guidelines Vol 4: page 2.37 and 2019 Refinement to the 2006 IPCC 
Guidelines Vol 2: Annex 2.A  page 2.82).    

Instances of methods assigned to appendices  

Once a drafting process is launched authors may still conclude, after due consideration, that the 
emissions or removals remain poorly understood and that there is insufficient information available to 
develop reliable, globally applicable, default methods and emission factors for a particular source or sink. 
This drafted text may not be lost but placed in appendices in the IPCC Guidelines as basis for future 
methodological development.   
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A national inventory can be considered complete without the inclusion of estimates for these sources in 
the appendices, although countries may use appendices as a basis for estimation of GHG emissions, if 
country specific data are available. 

Examples from past drafting processes of methods that were ultimately not included in the main chapters 
of the Guidelines, but in appendices include Fugitive emissions from wood pellet production; Fugitive 
emissions from biomass to liquid and biomass to gas conversion; Fluorinated compounds emissions from 
textile, carpet, leather and paper Industries, and Organic and dissolved inorganic carbon loss from 
peatlands and drained organic soils. 

These methods may be subject to further consideration at future iterations of methodological work.  

5. Feasibility of being able to specify higher tier methods 

Participants considered the feasibility of being able to specify higher tier methods for identified CDR 
technologies and CCUS activities.  

6. Feasibility of verification activities 

Participants considered the possibility of guidance being provided for inventory compilers as to how they 
may be able to devise appropriate verification activities to strengthen the robustness confidence of the 
estimated emissions and removals. 
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3. Sectoral Discussions 

 

The Table of Contents (TOC) structure set out in Appendix 2 provides for two new IPCC Sectors: 

• IPCC Sector 5: Carbon Dioxide Capture, Transport, Utilization and Storage; and 

• IPCC Sector 6: Direct Removal of CO2 from Waterbodies. Alkalinity Enhancement of 

Waterbodies. 

The creation of IPCC Sector 5, Carbon Dioxide Capture, Transport, Utilization and Storage brings 

together methods that cover the chain of activities for capture, transport, utilization and storage of 

carbon dioxide into one new IPCC Sector.  Methods for direct air capture – a removal - (chapter 3) and 

carbon capture from process gas streams – a reduction in emissions - (chapter 2) are specified 

separately but with a recognition that, once carbon dioxide is captured, methods used to describe 

emission processes for transport, utilisation and storage should be identical. 

Elements relating to carbon dioxide capture from process streams, transport, injection and storage are 

not new but have been relocated from the IPCC Sector 1.C (Energy) and also will be updated.  

Participants agreed that since carbon dioxide may be captured from sources in other IPCC Sectors – 

such as from Industrial Processes and Product Use (IPPU) or from Waste – that it was no longer 

appropriate to allocate emissions from carbon dioxide capture, transport, injection and storage to the 

Energy Sector alone. 

The creation of IPCC Sector 6: Direct Removal of CO2 from Waterbodies. Alkalinity Enhancement of 

Waterbodies incudes new CDR technologies that are explicitly designed to influence the carbon stock 

reservoirs in the waterbodies and consequently in the atmosphere.    

3.1  Carbon capture, utilization and geological storage and IPPU issues 

BOG1: Co-facilitators: Zhu Songli (China) and Ole-Kenneth Nielsen (Denmark) 

Rapporteur: Joni Jupesta (Indonesia) 

 

BOG 1 initially considered issues including Direct Air Capture, carbon capture, utilisation and storage, 
carbonation processes (cement, metal industry wastes and slag), removal of CO2 from water bodies, 
cross-boundary issues. 

Participants evaluated relevant CDR technologies against the assessment criteria set out in Section 2.4. 

Listing of new technologies  

Elements listed by participants under the new IPCC Sector 5 Carbon Dioxide Capture, Transport, 
Utilization and Storage include: 

• Carbon dioxide capture from process gases 

• Direct air capture 

• Carbon dioxide utilization  

• Carbon dioxide transport; and 

• Carbon dioxide injection and geological storage. 

‘Direct Air Capture (DAC)’ refers to a technological process of removing carbon dioxide from the 
atmosphere.  

In relation to Direct Air Capture, participants recognized a gap in the current IPCC Guidelines for 
Greenhouse Gas Inventories, which do not yet provide guidance on this technology. DAC is projected to 
play a more significant role in future carbon removal strategies, though participants noted the challenges 
of developing a generalized Tier 1 approach due to technological complexity. Instead, the development 
of higher-tier methods may be more feasible and provide greater accuracy. Verification activities, 
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essential for tracking effectiveness, would need to be defined through standardized monitoring plans to 
support DAC’s inclusion 

Evidence assembled from empirical literature to support the assessments in relation to Direct Air Capture 
is provided in Section 4 Technology 1. 

The participants recommended that new guidance be developed in IPCC Sector 5, Volume 6, Chapter 3 
Direct Air Capture.  

‘Carbon dioxide capture from process gases’ refers to capture of carbon dioxide from anthropogenic 
sources such as process gases.  

In relation to Carbon dioxide capture from process gases, participants noted that existing guidance in the 
2006 IPCC Guidelines addresses aspects of CCS, though further updates are warranted to reflect 
advances in technology and usage. Developing new Tier 1 approaches is challenging due to the 
specialized nature of CCS and CCU; higher-tier methods may be more appropriate to achieve reliable 
estimates. Participants highlighted the need for robust verification activities supported by well-defined 
monitoring plans which would help enhance the reliability of emissions data for CCS and CCU. 

Evidence assembled from empirical literature to support the assessments in relation to Carbon dioxide 
capture from process gases’ is provided in Section 4 carbon capture, utilization, and storage. 

The participants recommended that updated guidance be developed for a re-located category in IPCC 
Sector 5, Volume 6, Chapter 2 Carbon capture from process gases.  

Once captured, the carbon dioxide captured under DAC or carbon capture from process gases would be 
subject to the methods for utilization, transport, injection and storage listed in the TOC as Volume 6 
chapters 4, 5 and 6.  

‘Carbon dioxide utilization’ refers to possible ways of CO2 utilization, e.g. enforced carbonation of 
industrial and mining wastes, critical mineral extraction, mineralisation (surface), synthetic fuels.  It also 
refers to tracking of captured CO2, national carbon dioxide balance matrix (sources of captured CO2 vs. 
final use and short- and long-term storage). 

Evidence assembled from empirical literature to support the assessments in relation to the utilization of 
carbon dioxide in the mining industry is provided in Section 4 Technology 2 (ii). 

The participants recommended that new and updated guidance be developed for a category in IPCC 
Sector 5, Volume 6, Chapter 4 Carbonation dioxide utilization.  
 
In addition, the participants recommended that updated guidance be developed for a re-located category 
in IPCC Sector 5, Volume 6, Chapter 5 Carbon dioxide transport and Chapter 6 Carbon dioxide injection 
and geological storage.  

‘Carbonation of cement’ (Table 1 Technology 2 (i)) refers to the passive carbonation of cement. 

In considering this technology, participants considered that there was a gap in the Guidelines and that 

the delineation of the category could be broadened to include passive carbonation of lime-based 

structures. The category could be broadened to include all life stages from initial curing to construction 

to final disposal of the cement or lime-based structure (as wastes).   

Not included in this category would be enforced or catalysed carbonation processes such as occur in 

the mining industry as these are covered in the new IPCC Sector 5 (carbon dioxide utilization (Volume 

6, chapter 4). 

Participants considered the feasibility of methods and verification.  While some research exists to 

support the development of a Tier 1 approach, higher-tier methodologies may offer improved accuracy 

and applicability. Verification should be implemented through monitoring plans to track carbonation 

efficiency and durability 
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Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 2 (i). 

The participants recommended that new and updated guidance be developed for a category in IPCC 
Sector 2, Volume 3, Chapter 11 Carbonation of cement and lime-based structures.  

Updated or additional guidance  

Production of CO2 containing products (Table 1 Technology 5) refers to the production of products 
containing carbon dioxide, for example, synthetic e-fuels.  These production processes include the use 
of carbon dioxide. 

In considering the production of CO2 containing products, participants noted that these processes, such 
as the synthesis of e-fuels, present a unique pathway for utilizing captured carbon. The current IPCC 
Guidelines allow for the subtraction of captured CO2 at the source only if it is intended for long-term 
storage or otherwise accounted for in the inventory. Expanding guidance to include CO2 used in products 
with shorter lifetimes, such as fuels and beverages, could significantly impact inventory sectors like 
Energy and Industrial Processes and Product Use. This may necessitate additional guidance to manage 
cross-sectoral impacts and ensure accurate accounting. 

Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 5 and Technology 6. 

The participants recommended that new and updated guidance in relation to the production of products 
containing or derived from captured CO2  in IPCC Sector 2, Volume 3, Chapter 3 Chemical Industry IPCC 
Sector 1, Volume 2, Chapter 2, Stationary Combustion and Chapter 5 Fugitive Emissions be developed.  
 
In addition, participants recommended that new guidance in relation to the consumption of products 
containing or derived from captured CO2  in IPCC Sector 2, Volume 3, Chapter 9 Consumption and use 
of CO2 containing products be developed, depending on decisions made in relation to Carbon Capture 
and Utilization (in volume 6).  

Further consideration will be also required by authors as to the treatment of CO2 containing products 
which may impact the current guidance offered for production of industrial products (IPPU); production 
and combustion of synthetic fuels (Energy) or disposal of CO2 containing products (Waste). 

Evaluation of omitted or referred technologies  

In relation to the removal of CO2 from waterbodies, participants acknowledged that this technology is not 
covered in the current IPCC Guidelines but shows potential as a novel CO2 removal approach.  ‘Removal 
of CO2 from waterbodies’ was considered further by BOG 2.  

3.2 Agriculture, Forestry and Other Land Use (AFOLU) and related Issues 

BOG 2: Co-facilitators: Stephen Ogle (United States of America) and Jongikhaya Witi (South Africa).  
Rapporteur: Dan Zwartz (Australia). 

 

BOG 2 considered AFOLU chapters and issues relating to soils and water bodies: Soils (biochar, 
enhanced weathering and inorganic carbon, other), biomass products other than Harvested Wood 
Products; coastal wetlands (seagrass, tidal marshes, macro algae, enhanced alkalinization); wastewater-
based CDR/CCUS; cross-boundary issues and open water bodies (ocean fertilization, enhanced 
alkalinization). 

Participants evaluated relevant CDR technologies against the assessment criteria set out in Section 2.4. 

Listing of new technologies  

Elements that BOG 2 listed under the new IPCC Sector 6 Direct Removal of CO2 from Waterbodies, 
Alkalinity Enhancement of Waterbodies include: 
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• Direct Removal of CO2 from Waterbodies; and 

• Alkalinity Enhancement of Waterbodies. 
 

‘Direct Removal of CO2 from waterbodies’ (Table 1, Technology 3) refers to a technological process 
composed by three parts (i) extraction of carbon dioxide from water bodies (ii) indirect removals of carbon 
dioxide by those water bodies because of their increased capacity to absorb additional carbon dioxide 
from the atmosphere and (iii) a requirement that the carbon dioxide extracted under part (i) is stored and 
either transferred and injected into permanent storage or utilised.    

In relation to Direct Removal of CO2 from waterbodies participants noted that there was a gap in the IPCC 
Guidelines; that the activity could be significant; that higher tier methods would be feasible but that it was 
unlikely to be feasible to derive a Tier 1 methodology and more information was required to determine 
whether it was feasible to derive verification activities. 

Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 3. 

The participants recommended that new guidance be developed in a new IPCC Sector 6, Volume 7, 
Chapter 2 Direct Removal of CO2 from Waterbodies.   
 
‘Alkalinity enhancement of waterbodies’ (Table 1, Technology 2 (iii)) refers to a process composed by two 
parts (i) adding alkalinity to the surface within territorial waters to bind dissolved CO2 in long-lasting 
precipitates, so enhancing the capacity of waterbodies to store dissolved CO₂; (ii) indirect removals of 
carbon dioxide by those water bodies because of their increased capacity to absorb additional carbon 
dioxide from the atmosphere. 
 
In relation to alkalinity enhancement of waterbodies the participants noted that there was a gap in the 
IPCC Guidelines; that the activity could be significant; that higher tier methods would be feasible but that 
more information was required to determine whether it was feasible to derive a tier 1 method and 
verification activities. Participants also agreed that alkalinity enhancement may consider wastewater 
effluent and brine from desalinization processes and restoration of coastal wetlands. 
 
Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 2 (iii). 
 
The participants recommended that new guidance be developed in a new IPCC Sector 6 Volume 7, 
Chapter 3 Alkalinity Enhancement of Waterbodies.   

Updated or additional guidance  

Enhanced Rock Weathering (ERW) (Table 1, Technology 2 (iv)) refers to a process composed by three 
parts (i) adding mineral components to the soil to speed up the chemical reaction between CO2  dissolved 
in soil waters, and mineral components in the soils which results in (ii) additional precipitation of CO2 in 
mineral components residing, across time, in the soil, in the terrestrial waters and eventually into the 
ocean (iii) the lower carbon content of terrestrial waters allows waterbodies to increase their capacity to 
absorb additional carbon dioxide from the atmosphere. 
 
In relation to enhanced weathering, the participants noted that the soil inorganic carbon is a component 
included in existing IPCC Guidelines as a tier 3 method while liming, which involves similar processes, is 
already covered as a CO2 source.  A gap exists, however, regarding other rock amendments (such as 
silicate rock as a soil amendment).  Significance of this activity is small currently but could grow 
significantly for CDR.  A Tier 1 methodology already exists for liming; although there may not be enough 
information to develop Tier 1 methodology, including emissions factors, to encompass all other 
rock/mineral additions to soils as well as the interaction with the natural rock weathering considering the 
small but growing literature.  However, the development of Tier 3 methods was considered feasible, 
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although associated with verification measurements, mainly consisting of analysis of inorganic C content 
in soils and in the circulating water.   
 
The CDR Technology of biochar (Table 1, Technology 7) refers to the application of biochar to agricultural 
soils, and the related impacts on the responsiveness of soil carbon stock changes to various management 
activities.   
 
In relation to biochar, the participants noted that the gap in the IPCC Guidelines related to the lack of Tier 
1 EFs, although there is material in appendix 4 of chapter 2, Volume 4 of the 2019 Refinement of the 
2006 IPCC Guidelines that could be used as a basis for the development of Tier 1 EFs.  There was a 
need to consider the range of available biochar feedstocks, processes of carbonification of feedstocks, 
non-soil uses of biochar and relationship between biochar and methods for harvested wood products, 
including for trade, and methods for nitrous oxide emissions from fertilizer use as well as for methane 
emissions from rice cultivation. The process was likely to be significant in the future, given recent market 
growth, and the update of the methods contained in the 2019 Refinement as well as the provision of Tier 
1 EFs were considered to be feasible.   
 
Background Note: Biochar refers to a solid material generated by heating biomass to a temperature in 
excess of 350 °C under conditions of controlled and limited oxidant concentrations to prevent 
combustion….using processes that can be classified as either pyrolysis ..or gasification.. (IPCC 2019 
Refinement).  Methods for the estimation of emissions from the production of biochar are already provided 
in Volume 2, Chapter 4.3 of the 2019 Refinement of the 2006 IPCC Guidelines.   
 
Biochar is less reactive to the atmosphere than biomass.  As in the case explained in section 2.3, this 
provides for a benefit of slowing of expected emission release and which, because of the IPCC estimation 
processes deployed, the production of Biochar may require counting in the AFOLU sector. This may 
require the transfer of the C stocks from the biomass C pool, including annual biomass, to a long-lasting 
C pool, and its subsequent trade, if any, and its use as soil amendment, which requires its transfer to soils 
organic matter C pool, or its alternative use as a product – for example, for construction, CO2 capture, 
feedstock in industrial processes, or feed integrate-(see also “Other Biomass durable products). 

Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 2 (iv) and Technology 7. 

Participants recommended that updated guidance be developed for the existing chapters: 
 

 Chapters 2, 4 ,5, 6, 7, 8 and 9 Volume 4 the 2019 Refinement of the 2006 IPCC Guidelines - 
Generic Methodologies Applicable to Multiple Land-Use Categories, Forest Land, Cropland, 
Grassland, Wetlands, Settlements, Other Land  

o in order to address enhancing soil carbon sinks in croplands and grasslands for CDR: 
Update in relation to reference stocks and default factors for soil organic carbon 
estimates and enhancing soil carbon sinks on managed land for CDR: Update to add 
enhanced weathering into the Tier 3 soil inorganic carbon and relationship to soil 
organic carbon; update biochar application in soils to develop a Tier 1 method and 
update of the Tier 2 & 3 methods 

 
 Chapter 4 Volume 4 the 2006 IPCC Guidelines – Cropland [Rice Cultivation]  

o Enhancement of soil carbon for biochar amendments: Update Tier 1 default factors to 

estimate impact of biochar amendments on methane emissions from rice cultivation 

and provide guidance for Tier 2 and Tier 3. 

 

 Chapter 11 Volume 4 the 2006 IPCC Guidelines – N2O Emissions from Managed Soils, and  

 CO2 Emissions from Lime and Urea Application  



 

20 

 

o Enhancement of soil carbon for biochar amendments: Update Tier 1 default factors to 

estimate impact of biochar amendments on soil N2O emissions from N inputs in 

managed soils, and provide guidance for Tier 2 and Tier 3. 

Enhancing biomass in coastal waters/wetlands (Table 1, Technology 8) refers to the enhancement of 

carbon sinks for CDR mainly through revegetation or enhanced sedimentation in coastal 

waters/wetlands.    

In relation to the enhancement of carbon sinks in coastal wetlands the participants noted that there were 
either gaps in the IPCC Guidelines or need for updates including for the restoration/revegetation of 
additional coastal wetlands ecosystems (e.g. seagrass, mangroves, tidal marshes, coastal sabkhas and 
other tidal wetlands) as well as for seaweeds (macro-algae); that the category could be well delineated; 
that the enhancement activity could be significant; that Tier 1 and higher tier methods would be feasible 
and that verification activities could be designed, for example, using satellite technologies. 

Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 8. 

The participants recommended that new and updated guidance be developed for the existing Chapter 4 
of the Wetlands Supplement – Coastal Wetlands for the existing activities that result in carbon dioxide 
removals - as an update of factors in relation to mangroves, tidal marshes and seagrass in coastal waters 
- and new guidance for activities that result in carbon dioxide removals in other coastal wetland types not 
yet covered by IPCC guidance. 
 
In addition, new guidance on carbon export from organic soils for the existing Chapters 2, 3, and 4 of the 
Wetlands Supplement was recommended. 
 
Other durable biomass products (Table 1, Technology 9) refer to the treatment of biomass products not 
currently considered to be covered by the methods provided for harvested wood products but, as HWP, 
to store their carbon stocks longer than for a single year.  

In relation to durable biomass products the participants noted that an update in relation to other durable 
biomass products for CDR could include the development of factors for other durable products (e.g., 
biochar products) and guidance for the trade and for higher tier methods, and transfers from other pools.  

Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 9. 

The participants recommended that new and updated guidance be developed for Chapter 12 Volume 4 
the 2006 IPCC Guidelines – HWP and other durable biomass products. 

Evaluation of omitted technologies  

BOG 2 concluded that it was premature to list the following technologies in the Table of Contents: 

• Wastewater based CDR/CCUS (including biomass uptake on constructed wetlands for 
wastewater and CO2 capture).   

• Ocean fertilisation. 

In relation to biomass uptake in constructed wetlands for wastewater treatment (Table 1, Technology 10), 
while the participants acknowledged that there was a gap in the IPCC Guidelines, they concluded that 
the activity was not significant and that more information was required to determine whether it was feasible 
to derive a tier 1 method, higher tier methods, and verification activities. 

In relation to direct capture of CO2 at wastewater plants (Table 1, Technology 10), while the participants 
acknowledged that there was a gap in the IPCC Guidelines, they concluded that the activity is just a 
subset of the activities included in new Sector 6. 

In relation to ocean fertilisation (Table 1, Technology 11), while the participants acknowledged that there 
was a gap in the IPCC Guidelines, they concluded that it was not clear whether the category could be 
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delineated consistent with the principles of national inventories. They also concluded that research results 
indicated that the activity does not result in significant carbon storage across time.  Activity data was not 
available to determine a Tier 1 method and that more information was required to determine whether it 
was feasible to derive higher tier methods and verification activities. 

Evidence assembled from empirical literature to support the assessments is provided in Section 4 
Technology 11. 

 

 

 

 



 

22 

 

4. References and relevant academic literature 
 

Technology 1 Direct Air Capture 

• Pang, Simon (Lawrence Livermore National Laboratory), Engineered Solutions to Carbon Dioxide 
Removal Presentation  to the IPCC Expert Meeting on Carbon Dioxide Removal Carbon Capture 
Utilization and Storage, 1-3 July, 2024, Vienna, Austria. 
 

• Mai Bui, (Imperial College London), Assessing the deployment potential of direct air capture and 
BECCS technologies Simon Pang (Lawrence Livermore National Laboratory), Engineered Solutions 
to Carbon Dioxide Removal Presentation  to the IPCC Expert Meeting on Carbon Dioxide Removal 
Carbon Capture Utilization and Storage, 1-3 July, 2024, Vienna, Austria. 
 

• De Figueiredo, Mark (US DoE) Monitoring, Reporting and Verification of CDR and CCUS: US 
Experiences and Lessons Learned for National GHG Inventories Simon Pang (Lawrence Livermore 
National Laboratory), Engineered Solutions to Carbon Dioxide Removal Presentation to the IPCC 
Expert Meeting on Carbon Dioxide Removal Carbon Capture Utilization and Storage, 1-3 July, 2024, 
Vienna, Austria. 
 

• Ozkan, Mihri (University of California), Advancing Direct Air Capture: Empirical Foundations and 
Methodological Innovations for Emission Reduction, Presentation to the IPCC Expert Meeting on 
Carbon Dioxide Removal Carbon Capture Utilization and Storage, 1-3 July, 2024, Vienna, Austria. 

 
• Patange, Omkar(IIASA) and Amit Garg (Indian Institute of Management) The feasibility of 

developing new or updated IPCC default methods (and default emission factors) for various 
emerging technologies Presentation to the IPCC Expert Meeting on Carbon Dioxide Removal 
Carbon Capture Utilization and Storage, 1-3 July, 2024, Vienna, Austria 
 

• Smith, Steve (University of Oxford) Current CDR activity and gaps in existing IPCC Guidelines  
Presentation to the IPCC Expert Meeting on Carbon Dioxide Removal Carbon Capture Utilization 
and Storage, 1-3 July, 2024, Vienna, Austria. 
 

• Shia, W.K., Y. Ji,  X.J. Zhang, M.X. Fang, T. Wang  L. Jiang. Understandings on design and 
application for direct air capture: From advanced sorbents to thermal cycles Carbon 
Capture Science & Technology, Volume 7, June 2023, 100114 
https://doi.org/10.1016/j.ccst.2023.100114 

 

Carbon Capture, Utilization and Storage 

• Gomez, Dario  (Atomic Energy Commission of Argentina) Existing guidance and need for updating 
on carbon dioxide capture in Volume 2 of the IPCC Guidelines Presentation to the IPCC Expert 
Meeting on Carbon Dioxide Removal Carbon Capture Utilization and Storage, 1-3 July, 2024, 
Vienna, Austria. 
 

• Romanak, Katherine (Bureau of Economic Geology, The University of Texas at Austin) and Tim 
Dixon, (IEAGHG), Improving the Protocols for CO2 Leakage Monitoring with Attribution 
Presentation to the IPCC Expert Meeting on Carbon Dioxide Removal Carbon Capture Utilization 
and Storage, 1-3 July, 2024, Vienna, Austria 
 

• Rashid, M. I., et al. Carbon capture, utilization and storage opportunities to mitigate greenhouse 
gases. Heliyon, 2024, 10, e25419. https://doi.org/10.1016/j.heliyon.2024.e25419  
 

https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/01_Simon_Pang.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/02_Mai_Bui.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/03_Mark_De_Figueiredo.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/12_Garg_Patange.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/12_Garg_Patange.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/12_Garg_Patange.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/13_Steve_Smith.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/13_Steve_Smith.pdf
https://www.sciencedirect.com/journal/carbon-capture-science-and-technology
https://www.sciencedirect.com/journal/carbon-capture-science-and-technology
https://www.sciencedirect.com/journal/carbon-capture-science-and-technology/vol/7/suppl/C
https://doi.org/10.1016/j.ccst.2023.100114
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/05_Dario_Gomez.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/BOG1_Romanak%2006_28.pdf
https://doi.org/10.1016/j.heliyon.2024.e25419


 

23 

 

• Zakkour, Paul (Carbon counts) Experiences with the 2006 IPCC Guidelines for CO2 transport and 
storage: a rapid review of national reporting practices, Presentation to the IPCC Expert Meeting on 
Carbon Dioxide Removal Carbon Capture Utilization and Storage, 1-3 July, 2024, Vienna, Austria 

 
• Li, H. Advancing “Carbon Peak” and “Carbon Neutrality” in China: A Comprehensive Review of 

Current Global Research on Carbon Capture, Utilization, and Storage Technology and Its 
Implications. American Chemical Society (ACS), Omega 2023, 8, 42086−42101. 
https://doi.org/10.1021/acsomega.3c06422  

 
• Ajay, Temitope Ajayi, · Jorge Salgado Gomes, · Achinta Bera, A review of  CO2 storage in 

geological formations emphasizing modeling, monitoring and capacity estimation approaches, 
Petroleum Science (2019) 16:1028–1063 https://doi.org/10.1007/s12182-019-0340-8 

 
• Liu, E.; Lu, X.; Wang, D. A Systematic Review of Carbon Capture, Utilization and Storage: Status, 

Progress and Challenges. Energies 2023, 16, 2865. https:// doi.org/10.3390/en16062865 
 
• Samintha, Mandadige and Anne Perera, A Comprehensive Overview of CO2 Flow Behaviour in 

Deep Coal Seams, Energies 2018, 11, 906; doi:10.3390/en11040906. 
 
• Xiang Yu, Carmen Otilia Catanescu, Robert E. Bird, Sriram Satagopan, Zachary J. Baum, Leilani 

M. Lotti Diaz, and Qiongqiong Angela Zhou, https://doi.org/10.1021/acsomega.2c05070 
ACSOmega2023,8,11643−11664 

 

Technology 2.(i)  Carbonation: cement  

• Karen Scrivener (Ecole Polytechnique Federale de Lausanne), CO2 Uptake by Cement Based 
Materials: Principles, estimation, unknowns and future trends, Presentation to the IPCC Expert 
Meeting on Carbon Dioxide Removal Carbon Capture Utilization and Storage, 1-3 July, 2024, 
Vienna, Austria. 

 
• Miguel Ángel Sanjuán, (Spanish Institute of Cement and its Applications), State of the art on the 

quantification of natural carbonation of cement-based materials as a CO2 capture mechanism, 
Presentation to the IPCC Expert Meeting on Carbon Dioxide Removal Carbon Capture Utilization 
and Storage, 1-3 July, 2024, Vienna, Austria  

 

• Hargis, C.W., et al.  Calcium Carbonate Cement: A Carbon Capture, Utilization, and Storage 
(CCUS) Technique. Materials 2021, 14, 2709. https://doi.org/10.3390/ma14112709 da Silva Rego, 
J.H.; Sanjuán, M.Á.; Mora, P.; Zaragoza, A.; Visedo, G. Carbon Dioxide Uptake by Brazilian 
Cement-Based Materials. Appl. Sci. 2023, 13, 10386. https://doi.org/10.3390/app131810386      

• Xi, F.; Davis, S.J.; Ciais, P.; Crawford-Brown, D.; Guan, D.; Pade, C.; Shi, T.; Syddall, M.; Lv, J.; Ji, 
L.; et al. Substantial global carbon uptake by cement carbonation. Nature Geosci 9, 880–883 (2016). 
https://doi.org/10.1038/ngeo2840           

• Sanjuán, N.; Mora, P.; Sanjuán, M.Á.; Zaragoza, A. Carbon Dioxide Uptake Estimation for Spanish 
Cement-Based Materials. Materials 2024, 17, 326. https://doi.org/10.3390/ma17020326                       

• Andrade, C.; Sanjuán, M.Á. Carbon dioxide uptake by pure Portland and blended cement pastes. 
Developments in the Built Environment 8 (2021)100063. https://doi.org/10.1016/j.dibe.2021.100063 

• Galán, I., Andrade, C., Mora, P., Sanjuan, M.A. Sequestration of CO2 by Concrete Carbonation. 
Environ. Sci. Technol., 2010, 44 (8) 3181–3186. https://doi.org/10.1021/es903581d  Gajda, J.; Miller,  

• F.M. Concrete as a Sink for Atmospheric Carbon Dioxide: ALiterature Review and Estimation of 
CO2 Absorption by Portland Cement Concrete. In R&D Serial N2255, 1st ed.; The Portland Cement 
Association (PCA): Chicago, IL, USA, 2000; pp. 1–20. Available online: https://www.cement.org/for-

https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/04_Paul_Zakkour.pdf
https://doi.org/10.1021/acsomega.3c06422
https://doi.org/10.1007/s12182-019-0340-8
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/BOG2_Miguel_Sanjuan%2006_27.pdf
https://doi.org/10.3390/ma14112709
https://doi.org/10.1016/j.dibe.2021.100063


 

24 

 

concretebooks-learning/concrete-technology/concrete-design-production/concrete-as-a-carbon-
sink   

• Nygaard, P.V.; Leemann, A. Carbon dioxide uptake of reinforced concrete structures due to 
carbonation. Abteilung Beton/Bauchemie. In Cemsuisse Projekt 201106, 1st ed.; EMPA: Dübendorf, 
Switzertland, 2012;pp. 1–65.     

• Sanjuan, M.A., C. Argiz, P. Mora, and A. Zaragoza, Carbon Dioxide Uptake in the Roadmap 2050 
of the Spanish Cement Industry. Energies, 2020, 13(13), https://doi.org/10.3390/en13133452  

Technology 2 (ii) Carbonation: utilization and storage of carbon dioxide in mining products 
and slags  

• Han et al,  Bauxite residue neutralization with simultaneous mineral carbonation using 

atmospheric CO2 - ScienceDirect  (PDF)  Journal of Hazardous Materials, Volume 326, 15 

March 2017, Pages 87-93 

 

• Pyagay et al  (PDF) Carbonization processing of bauxite residue as an alternative rare metal 

recovery process (researchgate.net) October 2020 

 

• Clark et al, Comparison of several different neutralisations to a bauxite refinery residue: Potential 

effectiveness environmental ameliorants - ScienceDirect Applied Geochemistry Volume 56, May 

2015, Pages 1-10 

 

• Ilahi et al, Carbon capture and mineralisation using red mud: A systematic review of its principles 

and applications - ScienceDirect Journal of Cleaner Production Volume 473, 1 October 2024, 

143458 

 

• Vishwajeet S. Yadav et al, Sequestration of carbon dioxide (CO2) using red mud - ScienceDirect 

Journal of Hazardous Materials Volume 176, Issues 1–3, 15 April 2010, Pages 1044-1050 

 

• Mucsi et al, Control of Carbon Dioxide Sequestration by Mechanical Activation of Red Mud | 

Waste and Biomass Valorization (springer.com) Published: 15 May 2021, Volume 12, pages 

6481–6495, (2021) 

 

• Zhang et al, Carbon capture and storage technology by steel-making slags: Recent progress and 

future challenges - ScienceDirect Chemical Engineering Journal Volume 455, 1 January 2023, 

140552 

• Chen et al, Carbonation of steelmaking slag presents an opportunity for carbon neutral: A review 

- ScienceDirect Journal of CO2 Utilization Volume 54, December 2021, 101738 

 

• Ragipani et al, A review on steel slag valorisation via mineral carbonation - Reaction Chemistry 

& Engineering (RSC Publishing) Reaction Chemistry and Engineering, Vol7 2021. 

 

• Stokreef S., Sadri F., Stokreef A., Ghahreman A., 2022. Mineral carbonation of ultramafic 

tailings: A review of reaction mechanisms and kinetics, industry case studies, and modelling. 

Cleaner Engineering and Technology 8:100491, 

https://doi.org/10.1016/j.clet.2022.100491 

 

https://www.sciencedirect.com/science/article/abs/pii/S0304389416311529
https://www.sciencedirect.com/science/article/abs/pii/S0304389416311529
https://www.researchgate.net/publication/346846495_Carbonization_processing_of_bauxite_residue_as_an_alternative_rare_metal_recovery_process
https://www.sciencedirect.com/journal/journal-of-hazardous-materials
https://www.sciencedirect.com/journal/journal-of-hazardous-materials/vol/326/suppl/C
https://www.researchgate.net/publication/346846495_Carbonization_processing_of_bauxite_residue_as_an_alternative_rare_metal_recovery_process
https://www.researchgate.net/publication/346846495_Carbonization_processing_of_bauxite_residue_as_an_alternative_rare_metal_recovery_process
https://www.sciencedirect.com/science/article/abs/pii/S0883292715000220
https://www.sciencedirect.com/science/article/abs/pii/S0883292715000220
https://www.sciencedirect.com/journal/applied-geochemistry
https://www.sciencedirect.com/journal/applied-geochemistry/vol/56/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S095965262402907X
https://www.sciencedirect.com/science/article/abs/pii/S095965262402907X
https://www.sciencedirect.com/journal/journal-of-cleaner-production
https://www.sciencedirect.com/journal/journal-of-cleaner-production/vol/473/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S0304389409019669
https://www.sciencedirect.com/journal/journal-of-hazardous-materials
https://www.sciencedirect.com/journal/journal-of-hazardous-materials/vol/176/issue/1
https://link.springer.com/article/10.1007/s12649-021-01466-2
https://link.springer.com/article/10.1007/s12649-021-01466-2
https://www.sciencedirect.com/science/article/abs/pii/S1385894722060326
https://www.sciencedirect.com/science/article/abs/pii/S1385894722060326
https://www.sciencedirect.com/journal/chemical-engineering-journal
https://www.sciencedirect.com/journal/chemical-engineering-journal/vol/455/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S221298202100305X
https://www.sciencedirect.com/science/article/abs/pii/S221298202100305X
https://www.sciencedirect.com/journal/journal-of-co2-utilization
https://www.sciencedirect.com/journal/journal-of-co2-utilization/vol/54/suppl/C
https://pubs.rsc.org/en/content/articlelanding/2021/re/d1re00035g
https://pubs.rsc.org/en/content/articlelanding/2021/re/d1re00035g
https://doi.org/10.1016/j.clet.2022.100491


 

25 

 

• De Scheutter et al, Improving the Carbonation of Steel Slags Through Concurrent Wet Milling | 

Journal of Sustainable Metallurgy (springer.com)  August 2024,  Volume 10, pages 1759–1773, 

(2024) 

• Tian et al, Direct Gas–Solid Carbonation Kinetics of Steel Slag and the Contribution to In situ 
Sequestration of Flue Gas CO2 in Steel‐Making Plants - Tian - 2013 - ChemSusChem - Wiley 
Online Library 

• Myers, C., et al. Purification of magnesium chloride from mixed brines via hydrogen chloride 
absorption with ambient temperature and pressure regeneration of super azeotropic hydrochloric 
acid, Cleaner Engineering and Technology Volume 8, June 2022, 100473. doi: 
https://doi.org/10.1016/j.clet.2022.100473  
 

• Myers, C. Gigatonne-scale reduction of CO2 emissions via mineralization using iron and steel 
slags, Dissertation of Waseda University 2019, http://hdl.handle.net/2065/00063313 

Technology 2 (iii) Alkalinity of water bodies 

• Chay, Freya (Carbon Plan) Open scientific questions across carbon removal approaches, 
Presentation to the IPCC Expert Meeting on Carbon Dioxide Removal Carbon Capture Utilization 
and Storage, 1-3 July, 2024, Vienna, Austria. 
 

• Jacobson Y., Bialik O.M., Silverman J., Lazar B., Burd-Villanova D., Galilove E., Eyal Rahav, Sisma-
Ventura G. 2024. Desalination brines as a potential vector for CO2 sequestration in the deep sea. 
Desalination, 574:117234, https://doi.org/10.1016/j.desal.2023.117234 

 
Fakhraee, M., Planavsky, N.J. and Reinhard, C.T., 2023. Ocean alkalinity enhancement through 
restoration of blue carbon ecosystems. Nature Sustainability, 6(9), pp.1087-1094. 

• Oschlies, A., Stevenson, A., Bach, L. T., Fennel, K., Rickaby, R. E. M., Satterfi eld, T., Webb, R., 
and Gattuso, J.-P. (Eds.): Guide to Best Practices in Ocean Alkalinity Enhancement Research (OAE 
Guide 23), Copernicus Publications, State Planet, 2-oae2023, https://doi.org/10.5194/sp-2-oae2023, 
2023.  

 
• He, J. and Tyka, M. D.: Limits and CO2 equilibration of near-coast alkalinity enhancement, 

Biogeosciences, 20, 27–43, https://doi.org/10.5194/bg-20-27-2023, 2023.  
 

• Doney, Scott C., Wiley H. Wolfe, Darren C. McKee, and Jay G. Fuhrman. The Science, Engineering, 
and Validation of Marine Carbon Dioxide Removal and Storage. Annual Review of Marine Science. 
https://doi.org/10.1146/annurev-marine-040523-014702, 2024.  

 
• Mu, L., Palter, J. B., and Wang, H.: Considerations for hypothetical carbon dioxide removal via 

alkalinity addition in the Amazon River watershed, Biogeosciences, 20, 1963–1977, 
https://doi.org/10.5194/bg-20-1963-2023, 2023.  

 
• Matthew D. Eisaman  Sonja Geilert Phil Renforth Laura Bastianini, James Campbell, Andrew W. 

Dale, Spyros Foteinis, Patricia Grasse4,5, Olivia Hawrot, Carolin R. Löscher, Greg H. Rau, Jakob 
Rønning, Assessing technical aspects of ocean alkalinity enhancement approaches, State of the 
Planet, 2023, https://doi.org/10.5194/sp-2023-1 

 
Technology 2(iv) Enhanced weathering 

• Khan, Anu (carbon180) Jurisdiction-Level Monitoring for Enhanced Weathering: Infrastructure, 

Data, and Maintenance Needs Presentation to the IPCC Expert Meeting on Carbon Dioxide 

Removal Carbon Capture Utilization and Storage, 1-3 July, 2024, Vienna, Austria. 

 

https://link.springer.com/article/10.1007/s40831-024-00895-2
https://link.springer.com/article/10.1007/s40831-024-00895-2
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cssc.201300436
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cssc.201300436
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cssc.201300436
https://doi.org/10.1016/j.clet.2022.100473
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/14_Freya_Chay.pdf
https://doi.org/10.1016/j.desal.2023.117234
https://doi.org/10.5194/sp-2023-1
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/08_Anu_Khan.pdf


 

26 

 

• D.J. Beerling, D.Z. Epihov, I.B. Kantola, M.D. Masters, T. Reershemius, N.J. Planavsky, C.T. 
Reinhard, J.S. Jordan, S.J. Thorne, J. Weber, M. Val Martin, R.P. Freckleton, S.E. Hartley, R.H. 
James, C.R. Pearce, E.H. DeLucia, S.A. Banwart, Enhanced weathering in the US Corn Belt 
delivers carbon removal with agronomic benefits, Proc. Natl. Acad. Sci. U.S.A. 121 (9) 
e2319436121, https://doi.org/10.1073/pnas.2319436121 (2024). 
 

• Bullock, L. A., et al.  Geochemical carbon dioxide removal potential of Spain. Science of the Total 

Environment, 2023, 867, 161287. http://dx.doi.org/10.1016/j.scitotenv.2022.161287   

 

• Campbell JS, Foteinis S, Furey V, Hawrot O, Pike D, Aeschlimann S, Maesano CN, Reginato PL, 

Goodwin DR, Looger LL, Boyden ES, Renforth P (2022) Geochemical Negative Emissions 

Technologies: Part I. Review. Front. Clim. 4:879133. doi: 10.3389/fclim.2022.879133 

 

• Almaraz, M, et al. Methods for determining the CO2 removal capacity of enhanced weathering in 

agronomic settings. Front. Clim. 2022, 4:970429. https://doi.org/10.3389/fclim.2022.970429     

 

• Knapp, W.J., et al. Quantifying CO2 Removal at Enhanced Weathering Sites: a Multiproxy 

Approach. Environ. Sci. Technol. 2023, 57, 9854−9864. https://doi.org/10.1021/acs.est.3c03757  

• https://isometric.com/writing-articles/new-protocol-for-enhanced-weathering 

 

• https://puro.earth/enhanced-rock-weathering 

 
• https://cascadeclimate.org/blog/foundations-for-carbon-removal-quantification-in-erw-deployments 

 
• Donglei ZhangQiang Zeng*Hongyu ChenDongyi GuoGaoyuan LiHailiang Dong* Enhanced Rock 

Weathering as a Source of Metals to Promote Methanogenesis and Counteract CO2 Sequestration, 

Environmental Science & Technology, Biogeochemical Cycling, October 21 2024 

 
• Dietzen C, Rosing M, Quantification of CO2 uptake by enhanced weathering of silicate minerals 

applied to acidic soils, International Journal of Greenhouse Gas Control, 125 (2023) 103872 
 

• Lukas Rieder*, Thorben Amann and Jens Hartmann Soil electrical conductivity as a proxy for 
enhanced weathering in soils, Front. Clim., Sec. Carbon Dioxide Removal Volume 5 - 2023 
| https://doi.org/10.3389/fclim.2023.1283107 

 
• Hasemer, Heath, Justin Borevitz and Wolfram Buss, Measuring enhanced weathering: inorganic 

carbon-based approaches may be required to complement cation-based approaches Front. Clim., 
03 September 2024 Sec. Carbon Dioxide Removal Volume 6 - 2024 
| https://doi.org/10.3389/fclim.2024.1352825 

 

• Niron Harun, Arthur Vienne, Patrick Frings, Reinaldy Poetra Sara Vicca Exploring the synergy of 
enhanced weathering and Bacillus subtilis: A promising strategy for sustainable agriculture, Global 
Change Biology, DOI: 10.1111/gcb.17511 

 

• Tongtong Xu Zuoqiang Yuan Sara Vicca Daniel S. Goll Guochen Li Luxiang Lin, Hui Chen  Boyuan 
Bi  Qiong Chen Chenlu, Li Xing Wang Chao Wang  Zhanqing Hao Yunting Fang David J. Beerling, 
Enhanced silicate weathering accelerates forest carbon sequestration by stimulating the soil mineral 
carbon pump, Global Change Biology, DOI: 10.1111/gcb.17464 

 

http://dx.doi.org/10.1016/j.scitotenv.2022.161287
https://doi.org/10.3389/fclim.2022.970429
https://doi.org/10.1021/acs.est.3c03757
https://isometric.com/writing-articles/new-protocol-for-enhanced-weathering
https://puro.earth/enhanced-rock-weathering
https://cascadeclimate.org/blog/foundations-for-carbon-removal-quantification-in-erw-deployments
https://pubs.acs.org/doi/10.1021/acs.est.4c04751?utm_source=SendGrid_ealert&utm_medium=ealert&utm_campaign=ASAP_esthag_v0_i0
https://doi.org/10.3389/fclim.2023.1283107
https://doi.org/10.3389/fclim.2024.1352825


 

27 

 

• Vienne Arthur, Patrick Frings  Sílvia Poblador Laura Steinwidder Jet Rijnders Jonas Schoelynck 
Olga Vinduskova Sara Vicca, Earthworms in an enhanced weathering mesocosm experiment: 
Effects on soil carbon sequestration, base cation exchange and soil CO2 efflux, Soil Biology and 
Biochemistry, 199 (2024) 109596 

 

• Sokol, Noah W,· Jaeeun Sohng · Kimber Moreland · Eric Slessarev · Heath Goertzen Radomir 
Schmidt · Sandipan Samaddar · Iris Holzer · Maya Almaraz · Emily Geoghegan ·Benjamin Houlton 
· Isabel Montañez · Jennifer Pett‐Ridge · Kate Scow, Reduced accrual of mineral‐associated 
organic matter after two years of enhanced rock weathering in cropland soils, though no net losses 
of soil organic carbon, Biogeochemistry (2024) 167:989–1005  https://doi.org/10.1007/s10533-024-
01160-0 

 

Technology 3: Direct removal of CO2 from water bodies 

• Fuhrman, J., Bergero, C., Weber, M. et al. Diverse carbon dioxide removal approaches could reduce 
impacts on the energy–water–land system. Nat. Clim. Chang. 13, 341–350. 
https://doi.org/10.1038/s41558-023-01604-9, 2023. 

 

• Connelly, D. P., Bull, J. M., Flohr, A., Schaap, A., Koopmans, D., Blackford, J. C., ... & Yakushev, 
E. Assuring the integrity of offshore carbon dioxide storage. Renewable and Sustainable Energy 
Reviews, 166, 112670. https://doi.org/10.1016/j.rser.2022.112670, 2022. 

 

• Matthew D. Eisaman, Pathways for marine carbon dioxide removal using electrochemical acid-base 
generation Front. Clim. 6:1349604 doi: 10.3389/fclim.2024.1349604  

 

• Captura, Carbon Dioxide Removal Pathway: 2023, Ocean Health and MRV Captura-Carbon-
Dioxide-Removal-Pathway.pdf 

Technology 4: Enhanced oil, gas or coalbed methane recovery 

See under carbon capture, utilization and storage. 

Technology 5: Production of CO2 containing products 

 

Technology 6: Consumption of CO2 containing products 

 

Technology 7: Biochar 

 
• Kammann, Claudia (Hochschule Geisenheim University), State of Biochar-CDR: Growth of 

industries, C persistence, CDR co-benefits and current C-sink certification and trading schemes. 
Presentation to the IPCC Expert Meeting on Carbon Dioxide Removal Carbon Capture Utilization 
and Storage, 1-3 July, 2024, Vienna, Austria. 
 

• Bagheri Novair S, Cheraghi M, Faramarzi F, Asgari Lajayer B, Senapathi V, Astatkie T, Price GW. 
Reviewing the role of biochar in paddy soils: An agricultural and environmental perspective. 
Ecotoxicol Environ Saf. 2023 Sep 15;263:115228. doi: 10.1016/j.ecoenv.2023.115228 
 

• Li, X., et al. A global dataset of biochar application effects on crop yield, soil properties, and 
greenhouse gas emissions. Scientific Data, 2024. https://doi.org/10.1038/s41597-023-02867-9  
 

• Woolf, D., et al. Greenhouse Gas Inventory Model for Biochar Additions to Soil, Environ. Sci. 
Technol. 2021, 55, 14795−14805. https://doi.org/10.1021/acs.est.1c02425  

https://doi.org/10.1007/s10533-024-01160-0
https://doi.org/10.1007/s10533-024-01160-0
https://capturacorp.com/wp-content/uploads/2023/10/Captura-Carbon-Dioxide-Removal-Pathway.pdf
https://capturacorp.com/wp-content/uploads/2023/10/Captura-Carbon-Dioxide-Removal-Pathway.pdf
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/10b_Claudia_Kammann.pdf
https://doi.org/10.1038/s41597-023-02867-9
https://doi.org/10.1021/acs.est.1c02425


 

28 

 

 

• Yi Z, Jeyakumar P, Yin C and Sun H (2023) Effects of biochar in combination with varied N inputs 
on grain yield, N uptake, NH3 volatilization, and N2O emission in paddy soil. Front. Microbiol. 
14:1174805. doi: 10.3389/fmicb.2023.1174805 

Technology 8: Enhancing coastal wetlands carbon stocks 

• Beeston et al. 2023 https://www.mangrovealliance.org/wp-content/uploads/2023/10/Best-Practice-
for-Mangrove-Restoration-Guidelines-v2.pdf 
 

• Bieroza, M., Acharya, S., Benisch, J., Ter Borg, R.N., Hallberg, L., Negri, C., Pruitt, A., Pucher, M., 
Saavedra, F., Staniszewska, K. and van’t Veen, S.G., 2023. Advances in catchment science, 
hydrochemistry, and aquatic ecology enabled by high-frequency water quality 
measurements. Environmental science & technology, 57(12), pp.4701-4719. 

 
• Campbell, A.D., Fatoyinbo, L., Goldberg, L. and Lagomasino, D., 2022. Global hotspots of salt 

marsh change and carbon emissions. Nature, 612(7941), pp.701-706. 
 

• Chen, Z.L. and Lee, S.Y., 2022. Tidal flats as a significant carbon reservoir in global coastal 
ecosystems. Frontiers in Marine Science, 9, 1-10. 

 
• Dang, N., Park, H., Mir, K., Kim, C., and Kim, S. (2021). Greenhouse Gas Emission Model for Tidal 

Flats in the Republic of Korea. J. of Marine Science and Engineering 9, 1181-1197. Doi: 
10.3390/jmse9111181 

 
• Dang, N., Mir, K., Kwon, B., Khim, J., Lee, J., Park, J., and Kim, S. (2023) Sources and sequestration 

rate of organic carbon in sediments of the bare tidal flat ecosystems: A model approach. Marine 
Environmental Research 185, 105876-105886. 

 
• Earp HS, Smale DA, Catherall HJN, Moore PJ. (2024) An assessment of the utility of green gravel 

as a kelp restoration tool in wave-exposed intertidal habitats. Journal of the Marine Biological 
Association of the United Kingdom;104:e28. doi:10.1017/S0025315424000225 

 
• Erftemeijer, P.L., van Gils, J., Fernandes, M.B., Daly, R., van der Heijden, L. and Herman, P.M., 

2023. Habitat suitability modelling to improve understanding of seagrass loss and recovery and to 
guide decisions in relation to coastal discharge. Marine Pollution Bulletin, 186, p.114370.  

 
• Eger, A.M., Marzinelli, E.M., Christie, H., Fagerli, C.W., Fujita, D., Gonzalez, A.P., Hong, S.W., Kim, 

J.H., Lee, L.C., McHugh, T.A. and Nishihara, G.N., 2022. Global kelp forest restoration: past lessons, 
present status, and future directions. Biological Reviews, 97(4), pp.1449-1475. 

 
• Ferretto, G., Glasby, T.M., Poore, A.G.B., Callaghan, C.T., Sinclair, E.A., Statton, J., Kendrick, G.A. 

and Vergés, A. (2023), Optimizing the restoration of the threatened seagrass Posidonia australis: 
plant traits influence restoration success. Restor Ecol, 31: e13893. 
https://doi.org/10.1111/rec.13893 

 
• Fichot, C.G., Tzortziou, M. and Mannino, A., 2023. Remote sensing of dissolved organic carbon 

(DOC) stocks, fluxes and transformations along the land-ocean aquatic continuum: Advances, 
challenges, and opportunities. Earth-Science Reviews, 242, p.104446. 

 
• Filbee-Dexter, K., Pessarrodona, A., Pedersen, M.F., Wernberg, T., Duarte, C.M., Assis, J., Bekkby, 

T., Burrows, M.T., Carlson, D.F., Gattuso, J.P. and Gundersen, H., 2024. Carbon export from 
seaweed forests to deep ocean sinks. Nature Geoscience, pp.1-8. 

 

https://www.mangrovealliance.org/wp-content/uploads/2023/10/Best-Practice-for-Mangrove-Restoration-Guidelines-v2.pdf
https://www.mangrovealliance.org/wp-content/uploads/2023/10/Best-Practice-for-Mangrove-Restoration-Guidelines-v2.pdf
https://doi.org/10.1111/rec.13893


 

29 

 

• Fishman, J.R., Orth, R.J., Marion, S. and Bieri, J. (2004). A Comparative Test of Mechanized and 
Manual Transplanting of Eelgrass, Zostera marina, in Chesapeake Bay. Restoration Ecology 12(2). 

 
• Gräfnings, M.L.E., Heusinkveld, J.H.T., Hoeijmakers, D.J.J., Smeele, Q., Wiersema, H., Zwarts, M., 

van der Heide, T. and Govers, L.L. (2023), Optimizing seed injection as a seagrass restoration 
method. Restor Ecol, 31: e13851. https://doi.org/10.1111/rec.13851 

 
• Hood, W.G., 2020. Applying tidal landform scaling to habitat restoration planning, design, and 

monitoring. Estuarine, Coastal and Shelf Science, 244, p.106060.  
 

• Hua, J., Feng, Y., Jiang, Q., Bao, X., and Yin, Y. (2017). Shift of Bacterial Community Structure 
Along Different Coastal Reclamation Histories in Jiangsu, Eastern China. Sci. Rep. 7, 1–10. 

 
• Jung, S., Chau, T.V., Kim, M. and Na, W.B., 2022. Artificial seaweed reefs that support the 

establishment of submerged aquatic vegetation beds and facilitate ocean macroalgal afforestation: 
a review. Journal of Marine Science and Engineering, 10(9), p.1184. 

 
• Kuwae, T., Yoshida, G., Hori, M., Watanabe, K., Tanaya, T., Okada, T., Umezawa, Y. and Sasaki, 

J., 2023. Nationwide estimate of the annual uptake of atmospheric carbon dioxide by shallow coastal 
ecosystems in Japan. Journal of JSCE, 11(1), pp.23-00139. 

 
• Lin, W., Wu, J., and Lin, H. (2020). Contribution of Unvegetated Tidal Flats to Coastal Carbon Flux. 

Global Change Biol. 26, 3443–3454.  
 

• Mueller, P., Granse, D., Nolte, S., Do, H. T., Weingartner, M., Hoth, S., et al. (2017). Top-Down 
Control of Carbon Sequestration: Grazing Affects Microbial Structure and Function in Salt Marsh 
Soils. Ecol. Appl. 27, 1435–1450 

 
• Murray, N.J., Worthington, T.A., Bunting, P., Duce, S., Hagger, V., Lovelock, C.E., Lucas, R., 

Saunders, M.I., Sheaves, M., Spalding, M. and Waltham, N.J., 2022. High-resolution mapping of 
losses and gains of Earth’s tidal wetlands. Science, 376(6594), pp.744-749. 

 
• Orth, R.J. and Marion, S.R. (2007). Innovative Techniques for Large-scale Collection, Processing, 

and Storage of Eelgrass (Zostera marina) Seeds. Submerged Aquatic Vegetation Technical Notes 
Collection, ERDC/TN SAV-07-2. Vicksburg, M.S.: US Army Engineer Research and Development 
Center. 

 
• Pham, T.D., Ha, N.T., Saintilan, N., Skidmore, A., Phan, D.C., Le, N.N., Viet, H.L., Takeuchi, W. and 

Friess, D.A., 2023. Advances in Earth observation and machine learning for quantifying blue 
carbon. Earth-Science Reviews, p.104501. 

 
• Poulter, B., Adams-Metayer, F.M., Amaral, C., Barenblitt, A., Campbell, A., Charles, S.P., Roman-

Cuesta, R.M., D’Ascanio, R., Delaria, E.R., Doughty, C. and Fatoyinbo, T., 2023. Multi-scale 
observations of mangrove blue carbon ecosystem fluxes: The NASA Carbon Monitoring System 
BlueFlux field campaign. Environmental Research Letters, 18(7), p.075009. 

 
• Roberts, H.H., et al. (2015). Floods and Cold Front Passages: Impacts on Coastal Marshes in a 

River Diversion Setting (Wax Lake Delta Area, Louisiana). J. Coast. Res. 31, 1057– 1068.  
 

• Rosentreter, J.A., Laruelle, G.G., Bange, H.W., Bianchi, T.S., Busecke, J.J., Cai, W.J., Eyre, B.D., 
Forbrich, I., Kwon, E.Y., Maavara, T. and Moosdorf, N., 2023. Coastal vegetation and estuaries are 
collectively a greenhouse gas sink. Nature Climate Change, 13(6), pp.579-587. 

 

https://doi.org/10.1111/rec.13851


 

30 

 

• Simard, M., Fatoyinbo, L., Smetanka, C., Rivera-Monroy, V.H., Castañeda-Moya, E., Thomas, N. 
and Van der Stocken, T., 2019. Mangrove canopy height globally related to precipitation, 
temperature and cyclone frequency. Nature Geoscience, 12(1), pp.40-45. 

 
• Sinclair, E.A., Sherman, C.D., Statton, J., Copeland, C., Matthews, A., Waycott, M., van Dijk, K.J., 

Vergés, A., Kajlich, L., McLeod, I.M. and Kendrick, G.A., 2021. Advances in approaches to seagrass 
restoration in Australia. Ecological Management & Restoration, 22(1), pp.10-21. 

 
• Sun J, Zhang YH, Zhao X, Yan WJ, Li WT, Zhang PD (2024) Isolation and characterization of plant 

growth-promoting rhizobacteria (PGPR) from eelgrass Zostera marina rhizosphere: implications for 
bioremediation. Mar Ecol Prog Ser 746:17-33. https://doi.org/10.3354/meps14682 

 
• Tan YM, Dalby O, Kendrick GA, Statton J, Sinclair EA, Fraser MW, Macreadie PI, Gillies CL, 

Coleman RA, Waycott M, van Dijk K, Vergés A, Ross JD, Campbell ML, Matheson FE, Jackson EL, 
Irving AD, Govers LL, Connolly RM, McLeod IM, Rasheed MA, Kirkman H, Flindt MR, Lange T, 
Miller AD and Sherman CDH (2020) Seagrass Restoration Is Possible: Insights and Lessons From 
Australia and New Zealand. Front. Mar. Sci. 7:617. doi: 10.3389/fmars.2020.00617 

 
• Traganos, D., Pertiwi, A.P., Lee, C.B., Blume, A., Poursanidis, D. and Shapiro, A., 2022. Earth 

observation for ecosystem accounting: spatially explicit national seagrass extent and carbon stock 
in Kenya, Tanzania, Mozambique and Madagascar. Remote Sensing in Ecology and 
Conservation, 8(6), pp.778-792.  
 

• Twomey, A.J., Nunez, K., Carr, J.A., Crooks, S., Friess, D.A., Glamore, W., Orr, M., Reef, R., Rogers, 
K., Waltham, N.J. and Lovelock, C.E., 2024. Planning hydrological restoration of coastal wetlands: 
Key model considerations and solutions. Science of the Total Environment, p.169881. 

 
• Unsworth, R.,  C.M. Bertelli, L. Coals, L.C. Cullen-Unsworth, S. den Haan, B.L.H. Jones, S.R. Rees, 

E. Thomsen, A. Wookey, B. Walter (2023) Bottlenecks to seed-based seagrass restoration reveal 
opportunities for improvement, Global Ecology and Conservation,48 
https://doi.org/10.1016/j.gecco.2023.e02736. 

 
• Van Dam, B., Polsenaere, P., Barreras‐Apodaca, A., Lopes, C., Sanchez‐Mejia, Z., Tokoro, T., 

Kuwae, T., Loza, L.G., Rutgersson, A., Fourqurean, J. and Thomas, H., 2021. Global trends in air‐
water CO2 exchange over seagrass meadows revealed by atmospheric eddy covariance. Global 
Biogeochemical Cycles, 35(4), p.e2020GB006848. 

 
• Wood, G.V., Filbee-Dexter, K., Coleman, M.A., Valckenaere, J., Aguirre, J.D., Bentley, P.M., Carnell, 

P., Dawkins, P.D., Dykman, L.N., Earp, H.S. and Ennis, L.B., 2024. Upscaling marine forest 
restoration: challenges, solutions and recommendations from the Green Gravel Action 
Group. Frontiers in Marine Science, 11, p.1364263. 

 
• Xu, S., Xu, S., Zhou, Y., Yue, S., Zhang, X., Gu, R., Zhang, Y., Qiao, Y. and Liu, M., 2021. Long-

term changes in the unique and largest seagrass meadows in the Bohai Sea (China) using satellite 
(1974–2019) and sonar data: Implication for conservation and restoration. Remote Sensing, 13(5), 
p.856. 

 
• Zulfa Ali Al  Disi et al. Variability of blue carbon storage in arid evaporitic environment of two coastal 

Sabkhas or mudflats, Scientifc Reports (2023) 13:12723 
 

• Yang, Z., Huang, Y., Duan, Z. and Tang, J., 2023. Capturing the spatiotemporal variations in the 
gross primary productivity in coastal wetlands by integrating eddy covariance, Landsat, and MODIS 
satellite data: A case study in the Yangtze Estuary, China. Ecological Indicators, 149, p.110154. 

 
• 110bluecarbon_guidebook (fra.go.jp) 

https://doi.org/10.3354/meps14682
https://doi.org/10.1016/j.gecco.2023.e02736
https://www.fra.go.jp/home/kenkyushokai/press/pr2023/files/1101bluecarbon_guidebook.pdf


 

31 

 

 
•  Krause-Jensen et al 2022: Nordic blue carbon (salt marshes, eelgrass meadows, kelp forests and 

rockweed beds) habitat area, C-stocks and sequestration rates, co-benefits, policies and 
management status. 

 
•  Niva 2022: Summary of knowledge on marine areas important for carbon storage (Norway) (in 

norwegian) 
 

•  Borja et al 2024: Innovative and practical tools for monitoring and assessing biodiversity status and 
impacts of multiple human pressures in marine systems 

 
•  Kvile et al 2024: Drone and ground-truth data collection: A protocol for coastal habitat mapping and 

classification 
 

• Report on how to identify and define saltmarshes (in norwegian): Har vi saltmarshes i Norge? En 
vurdering av begrepet opp mot norske naturtyper - miljodirektoratet.no 

 
•  Duarte et al 2023: Global estimates of the extent and production of macroalgal forests. 

 
• Filbee-Dexter et al 2024: Carbon export from seaweed forests to deep ocean sinks. 

 
• Krause-Jensen & Duarte 2016: Substantial role of macroalgae in marine carbon sequestration. 

 
• Gundersen et al 2024: Method development for mapping kelp using drones and satellite images: 

Results from the KELPMAP-Vega project. 
 

• McHenry et al 2024: A blueprint for national assessments of the blue carbon capacity of kelp forests 
applied to Canada’s coastline | bioRxiv 

 
• Government of Japan, Japan’s National Inventory Document for 2024: NID-JPN-2024-

v3.0_gioweb.pdf (nies.go.jp)(Methodological explanation for seagrass meadows and seaweed beds 
is provided from page 6-58  to page 6-65). 

 
• Diesing et al 2024: Glacial troughs as centres of organic carbon accumulation on the Norwegian 

continental margin | Communications Earth & Environment (nature.com) 
 

• Porz et al 2024: BG - Quantification and mitigation of bottom-trawling impacts on sedimentary organic 
carbon stocks in the North Sea (copernicus.org) 

 
• Lenton, Andrew (CSIRO) CDR in territorial waters: the challenges and opportunities Presentation to 

the IPCC Expert Meeting on Carbon Dioxide Removal Carbon Capture Utilization and Storage, 1-3 
July, 2024, Vienna, Austria 

 
 National Institute of Water & Atmospheric Research, Organic carbon stocks and potential vulnerability 

in marine sediments around Aotearoa New Zealand, NIWA Client report 
 

 Fakhraee, M., Planavsky, N.J. and Reinhard, C.T., 2023. Ocean alkalinity enhancement through 
restoration of blue carbon ecosystems. Nature Sustainability, 6(9), pp.1087-1094.  

 
 Filbee-Dexter, K., Pessarrodona, A., Pedersen, M.F. et al. Carbon export from seaweed forests to 

deep ocean sinks. Nat. Geosci. 17, 552–559 (2024). https://doi.org/10.1038/s41561-024-01449-7 
 
 Arzeno-Soltero, I.B., Saenz, B.T., Frieder, C.A. et al. Large global variations in the carbon dioxide 

removal potential of seaweed farming due to biophysical constraints. Commun Earth Environ 4, 185 
(2023). https://doi.org/10.1038/s43247-023-00833-2 

https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.847544/full
https://niva.brage.unit.no/niva-xmlui/handle/11250/3055645
https://link.springer.com/article/10.1007/s10661-024-12861-2
https://link.springer.com/article/10.1007/s10661-024-12861-2
https://www.sciencedirect.com/science/article/pii/S2215016124003868
https://www.sciencedirect.com/science/article/pii/S2215016124003868
https://www.miljodirektoratet.no/publikasjoner/2020/desember-2020/har-vi-saltmarshes-i-norge/
https://www.miljodirektoratet.no/publikasjoner/2020/desember-2020/har-vi-saltmarshes-i-norge/
https://onlinelibrary.wiley.com/doi/10.1111/geb.13515
https://www.nature.com/articles/s41561-024-01449-7.epdf?sharing_token=symBbiSBgDgtE5fG-1uh6dRgN0jAjWel9jnR3ZoTv0MtFnRSedB0eCLGbEKyV5GIeAQr8HL2zXgfGLimZHEG5vXA2FdW8hbrhyswft0lfeybCnUPnAXUAdKPJPadzvfq9aerqelLwjGwBT72y3ujAvE-yfRVHGQ67JkBLIOjpi8%3D
https://www.nature.com/articles/ngeo2790
https://niva.brage.unit.no/niva-xmlui/handle/11250/3146564
https://niva.brage.unit.no/niva-xmlui/handle/11250/3146564
https://www.biorxiv.org/content/10.1101/2024.04.05.586816v1
https://www.biorxiv.org/content/10.1101/2024.04.05.586816v1
https://www.nies.go.jp/gio/archive/nir/pi5dm3000010ina4-att/NID-JPN-2024-v3.0_gioweb.pdf
https://www.nies.go.jp/gio/archive/nir/pi5dm3000010ina4-att/NID-JPN-2024-v3.0_gioweb.pdf
https://www.nature.com/articles/s43247-024-01502-8
https://www.nature.com/articles/s43247-024-01502-8
https://bg.copernicus.org/articles/21/2547/2024/
https://bg.copernicus.org/articles/21/2547/2024/
https://www.ipcc-nggip.iges.or.jp/public/mtdocs/pdfiles/2407_CDR_CCUS/09_Andrew_Lenton.pdf
https://pce.parliament.nz/media/cdoodc0l/niwa-organic-carbon-stocks-and-potential-vulnerability-in-marine-sediments-around-aotearoa-new-zealand.pdf
https://doi.org/10.1038/s41561-024-01449-7


 

32 

 

Technology 9: Durable biomass products 

 

Technology 10: Wastewater CDR CCUS 

• Cai, W. J., et al. Wastewater alkalinity addition as a novel approach for ocean negative carbon 
emissions. The Innovation 2022, 3(4):100272. https://doi.org/10.1016/j.xinn.2022.100272   
 

• Masindi, V., et al. Wastewater Treatment for Carbon Dioxide Removal. American Chemical 
Society (ACS) Omega 2023, 8, 40251−40259. https://doi.org/10.1021/acsomega.3c04231 

 

• Lu, L., et al. Wastewater treatment for carbon capture and utilization. Nature Sustainability, 2018, 

1, 750–758.  https://doi.org/10.1038/s41893-018-0187-9  

 

• Monteagudo, J. M., et al. Capture of Ambient Air CO2 from Municipal Wastewater Mineralization 

by Using an Ion-Exchange Membrane. Sci. Total Environ. 2021, 790, No. 148136. 

https://doi.org/10.1016/j.scitotenv.2021.148136   

 

• Hkaung Htut San, et al. Enhanced Rock Weathering in Acid Mine Drainage: Carbon Removal 

Potential and Co-benefits, Modeling Earth Systems and Environment, Under review, to be 

published https://www.nedo.go.jp/content/100975409.pdf 

 

Technology 11: Open oceans – ocean fertilisation 

• Manon Berger; Adrien Comte; Lester Kwiatkowski; Laurent Bopp. Unaccountable counting: the 
folly of incorporating open ocean carbon sinks in Nationally Determined Contributions. Comptes 
Rendus. Géoscience, Volume 356 (2024), pp. 123-137. doi : 10.5802/crgeos.271. https://comptes-
rendus.academie-sciences.fr/geoscience/articles/10.5802/crgeos.271/  
 

• National Academies of Sciences, Engineering, and Medicine 2022. A Research Strategy for 
Ocean-based Carbon Dioxide Removal and Sequestration. Washington, DC: The National 
Academies Press, https://doi.org/10.17226/26278 

 

Other literature 

• Powis, C.M., et al. Quantifying global carbon dioxide removal deployment. Environ. Res. Lett. 
2023, 18, 024022. https://doi.org/10.1088/1748-9326/acb450 
 

• Chiquier, S., et al. A comparative analysis of the efficiency, timing, and permanence of CO2 
removal pathways. Energy Environ. Sci., 2022, 15, 4389. https://doi.org/10.1039/d2ee01021f 

 
• Carbon Removal Standards Initiative. Carbon Removal Quantification Resource Database 

https://www.carbonremovalstandards.org/quantification-resources-database-v1  
 

• Zakkour, Paul and Greg Cook, Measurement, reporting and verification for carbon dioxide removals 

in the context of both project-based approaches and national greenhouse gas inventories, IEAGHG 

Technocal Report. 

• Jacobson, Y., et al. Desalination brines as a potential vector for CO2 sequestration in the deep sea, 
Desalination, 2024, 574, 117234 

https://doi.org/10.1016/j.xinn.2022.100272
https://doi.org/10.1021/acsomega.3c04231
https://doi.org/10.1038/s41893-018-0187-9
https://doi.org/10.1016/j.scitotenv.2021.148136
https://comptes-rendus.academie-sciences.fr/geoscience/articles/10.5802/crgeos.271/
https://comptes-rendus.academie-sciences.fr/geoscience/articles/10.5802/crgeos.271/
https://doi.org/10.17226/26278
https://doi.org/10.1088/1748-9326/acb450
https://doi.org/10.1039/d2ee01021f
https://www.carbonremovalstandards.org/quantification-resources-database-v1 
https://ieaghg.org/publications/measurement-reporting-and-verification-and-accounting-for-carbon-dioxide-removal/


 

33 

 

• IPCC 2024. IPCC Expert Meeting on Carbon Dioxide Removal Technologies and Carbon Capture, 
Utilization and Storage Eds: Enoki, T., Hayat, M., Report of the IPCC Expert Meeting, Pub. IGES, 
Japan. Publications - IPCC-TFI  

• IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 
Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., Ngarize, S., Osako, A., 
Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland. Publications - 
IPCC-TFI 

• IPCC 2014, 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories: Wetlands, Hiraishi, T., Krug, T., Tanabe, K., Srivastava, N., Baasansuren, J., Fukuda, M. 
and Troxler, T.G. (eds).  Published: IPCC, Switzerland.   

• IPCC 2006, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Prepared by the 
National Greenhouse Gas Inventories Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T. 
and Tanabe K. (eds). Published: IGES, Japan.  

• UN Framework Convention on Climate Change 1992, conveng.pdf 

  

https://www.ipcc-nggip.iges.or.jp/public/mtdocs/2407_CDR_CCUS.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/wetlands/index.html
https://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
https://unfccc.int/resource/docs/convkp/conveng.pdf


 

34 

 

5.  Conclusions 

 

The objective of this Scoping Meeting was to produce the outline of a Methodology Report on Carbon 
Dioxide Removal Technologies, Carbon Capture, Utilization and Storage in accordance with the Appendix 
A to the Principles Governing IPCC Work, which contains the procedures for the preparation, review, 
acceptance, adoption, approval and publication of IPCC reports. 

The following outcomes of the Scoping Meeting, as recommended to be used by the TFB for its 
submission for an outline of a Methodology Report on Carbon Dioxide Removal Technologies, Carbon 
Capture, Utilization and Storage to the IPCC Panel, were produced: 

• The title: 

2027 Methodology Report on Carbon Dioxide Removal Technologies, Carbon Capture, 
Utilization and Storage: (Supplement to the 2006 IPCC Guidelines*) 

• Draft Terms of Reference for 2027 Methodology Report on Carbon Dioxide Removal 
Technologies, Carbon Capture, Utilization and Storage is presented in Appendix 1;  

• Draft Table of Contents is presented in Appendix 2;  

• Draft Instructions to Experts and Authors is presented in Appendix 3; and 

• The Work plan is presented in Appendix 4.  

The recommendations and documents in Appendix 1 to Appendix 4 will constitute the basis of the TFI 
proposal for the outline for the 2027 Methodology Report on Carbon Dioxide Removal Technologies, 
Carbon Capture, Utilization and Storage: (Supplement to the 2006 IPCC Guidelines*) to be presented to 
the IPCC-62 in early 2025 for the consideration by governments. 
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Appendices 

Appendix 1. Terms of Reference (ToR) 

Draft Terms of Reference 

2027 Methodology Report on Carbon Dioxide Removal Technologies,  

Carbon Capture, Utilization and Storage 

(Supplement to the 2006 IPCC Guidelines*) 
---------- 

*The reference to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, and thus the notation 2006 

IPCC Guidelines, includes the following three methodological reports: 

- 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidelines)  

- 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands 

(Wetlands Supplement)  

- 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2019 Refinement). 

--------- 

 

Background 

1. At the 60th Session (IPCC-60) held in January 2024 (Istanbul, Türkiye) the IPCC decided that 
the Task Force on National Greenhouse Gas Inventories (TFI) will hold an Expert Meeting on 
Carbon Dioxide Removal Technologies, Carbon Capture Utilization and Storage and provide a 
Methodology Report on these by the end of 2027 (Decision IPCC-LX- 9). 
 
2. IPCC TFI held the Expert Meeting in July 2024 (Vienna, Austria) and the Scoping Meeting in 
October 2024 (Copenhagen, Denmark). These meetings considered Carbon Dioxide Removal 
(CDR) methods mentioned in the AR6 WGIII Report as a starting point for discussion and noted 
that several CDR activities have been already covered by the existing IPCC Guidelines. 
 
3. The Scoping Meeting produced the draft Table of Contents of the new Methodology Report, 
which is outlined in Annex 1.  
 

Scope 

4. The IPCC Guidelines already cover issues related to Afforestation/Reforestation, Soil carbon 
sequestration in croplands and grasslands, Peatland and coastal wetland restoration, 
Agroforestry, Improved Forest Management, Biochar amendments, Carbon Capture and 
Storage from process gases.  

5. The aim of the new Methodology Report is to provide an updated and sound scientific basis 
for supporting the preparation and continuous improvement of national greenhouse gas 
inventories in relation to estimation and reporting of carbon dioxide removal technologies, carbon 
capture, utilization and storage. In order to achieve the overall aim, the new Methodology report 
will:  

- provide new methodological guidance for carbon dioxide removal technologies, carbon 
capture utilization only where currently there are gaps in the existing guidelines or where 
new removal technologies have emerged that could provide scientifically sound and 
empirically robust methods, activity data, removal factors and other parameters; 
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- provide, where needed, updated guidance and information of the existing guidance in the 
2006 IPCC Guidelines in relation to carbon dioxide removal technologies, carbon capture 
and storage. 

6. This work will not revise the 2006 IPCC Guidelines but will update and provide new guidance 
for the 2006 IPCC Guidelines where gaps or out-of-date science have been identified. The 
Methodology Report will not replace the 2006 IPCC Guidelines, but will be used in conjunction 
with the 2006 IPCC Guidelines. 

7. Generally, national inventories should include greenhouse gas emissions and removals taking 
place within national territory and offshore areas over which the country has jurisdiction [2006 
IPCC Guidelines, Volume I, Chapter 8.2.1] 

 

Approach 

8. The result of this work will be an IPCC Methodology Report “2027 Methodology Report on 
Carbon Dioxide Removal Technologies, Carbon Capture, Utilization and Storage (Supplement 
to the 2006 IPCC Guidelines)”. 

9. The authors will follow Annex 2 “Instructions to Experts and Authors” to ensure a consistent 
and coherent approach across all the volumes or chapters, including the use of common 
terminology.  

10. Annex 3 provides the timetable for this task. Literature will be considered up to a cut-off date 
at the start of the Government/Expert Review. 
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Appendix 2. Table of Contents (ToC) 

 

Draft Table of Contents 

 

2027 Methodology Report on Carbon Dioxide Removal Technologies, 

Carbon Capture, Utilization and Storage 

(Supplement to the 2006 IPCC Guidelines) 

 

Introductory Note 

2027 Methodology Report on Carbon Dioxide Removal Technologies, Carbon Capture, Utilization and 

Storage (Supplement to the 2006 IPCC Guidelines) will be a single Methodology Report comprising an 

Overview Chapter and seven volumes following the format of the 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories (2006 IPCC Guidelines).  

 

Overview Chapter  

Volume 1: General Guidance and Reporting  

Volume 2: Energy  

Volume 3: Industrial Processes and Product Use  

Volume 4: Agriculture, Forestry and Other Land Use  

Volume 5: Waste 

Volume 6: Carbon Dioxide Capture, Transport, Utilization and Storage 

Volume 7: Direct Removal of CO2 from Waterbodies. Alkalinity Enhancement of Waterbodies 

 

The structure of the Methodology Report is the same as that of the 2006 IPCC Guidelines so as to make 

it easier for inventory compilers to use this Methodology Report with the 2006 IPCC Guidelines.  

For those Chapters where update or new guidance is expected, a description is provided below. 

Also, authors should develop modifications for Chapters, if deemed necessary to ensure consistency with 

the updates or new guidance made in the other Chapters. 

In addition, authors should develop updates or produce new Worksheets, where necessary. 

 

 

Overview Chapter 

 

Glossary 

 

Volume 1: General Guidance and Reporting (Update) 

 

Chapter 1 Introduction  

- Consequential updates based on the new/updated guidance 

 

Chapter 4 Methodological Choice and Identification of Key Categories 

- Consequential updates based on the new/updated guidance 

 

Chapter 8 Reporting Guidance and Tables 

- Update in relation to categorization of new source/sink categories or recategorization of 

existing (e.g. 1.C).  Update of all reporting tables, clarifying that the CO2 emissions are 

adjusted by CO2 capture (negative quantities) to derive net CO2, explanations to reporting 
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tables: fugitive emissions during international CO2 transport; CO2 from biomass fuels in 

international transport, CO2 from CCU-products/e-fuels I international transport, CO2 captured 

during international transport, CO2 from biomass in IPCC sectors 1B & 2, 3A and 4, how to 

report carbon capture in all sectors, differentiating fossil/CCU; biomass & atmospheric origins 

 

Volume 2: Energy (Update) 

 

Chapter 2 Stationary Combustion & Chapter 3 Mobile Combustion 

- Placeholder: Depending on the decisions made in relation to CCU, there might be a need for 

additional guidance in these chapters, e.g. in relation to new emission factors for combustion of 

fuels based on captured CO2.  

 

Chapter 4 Volume 2 of the 2006 IPCC Guidelines – Fugitive Emissions   

Chapter 4 Volume 2 of the 2019 Refinement to the 2006 IPCC Guidelines – Fugitive 

Emissions   

 

- Clarification in relation to the emissions from transport, injection and sequestering of CO2 in 

relation to enhanced oil, gas, and coal-bed methane recovery  

- Placeholder: Depending on the decisions made in relation to CCU, there might be a need for 

additional guidance in this chapter, e.g. in relation to new emission factors for the production of 

fuels based on captured CO2  

 

Volume 3: Industrial Processes and Product Use (New and Update) 

 

Chapter 3 of the 2006 IPCC Guidelines – Chemical Industry  

Chapter 3 of the 2019 Refinement of the 2006 IPCC Guidelines – Chemical Industry  

(Update)  

- Guidance in relation to the production of products containing or derived from captured CO2. 

 

Chapter 9 of the 2006 IPCC Guidelines – Consumption and Use of CO2 containing products  

Chapter 9 of the 2019 Refinement of the 2006 IPCC Guidelines – Consumption and Use of 

CO2 containing products   

(New) 

- Placeholder: Depending on the decisions made in relation to CCU (in Volume 6), there might 

be a need for additional guidance on emissions arising from the consumption and use of CO2 

containing products 

Chapter 10 Carbonation of cement and lime based structures  

 Covering all life stages. Excluding enforced carbonation (covered in Volume 6) 

 

 

 

Volume 4: Agriculture, Forestry and Other Land Use (Update and New) 



 

39 

 

 

Chapters 2, 4 ,5, 6, 7, 8 and 9 Volume 4 the 2019 Refinement of the 2006 IPCC Guidelines - 

Generic Methodologies Applicable to Multiple Land-Use Categories, Forest Land, Cropland, 

Grassland, Wetlands, Settlements, Other Land 

(Update) 

- Enhancing soil carbon sinks in croplands and grasslands for CDR: Update in relation to 

reference stocks and default factors for soil organic carbon estimates.  

- Enhancing soil carbon sinks on managed land for CDR: Update to add enhanced weathering 

into the Tier 3 soil inorganic carbon and relationship to soil organic carbon; update biochar 

application in soils to develop a Tier 1 method and update of the Tier 2 & 3 methods. 

 

Chapter 4 Volume 4 the 2006 IPCC Guidelines – Cropland [Rice Cultivation] (Update) 

- Enhancement of soil carbon for biochar amendments: Update Tier 1 default factors to estimate 

impact of biochar amendments on methane emissions from rice cultivation, and provide 

guidance for Tier 2 and Tier 3. 

 

Chapter 11 Volume 4 the 2006 IPCC Guidelines – N2O Emissions from Managed Soils, and 

CO2 Emissions from Lime and Urea Application (Update) 

- Enhancement of soil carbon for biochar amendments: Update Tier 1 default factors to estimate 

impact of biochar amendments on soil N2O emissions from N inputs in managed soils, and 

provide guidance for Tier 2 and Tier 3. 

 

Chapters 2, 3, 4 of the Wetlands Supplement (New) 

- Enhancement of carbon stocks in organic soils for CDR: new guidance on carbon export from 
organic soils.  

 

Chapter 4 of the Wetlands Supplement – Coastal Wetlands (Update and New) 

- Enhancement of carbon sinks for CDR: Update factors in relation to mangroves, tidal marshes 
and seagrass in coastal waters. 

- New guidance on other coastal wetland types not in previous IPCC Guidelines.   

 

Chapter 12 Volume 4 the 2006 IPCC Guidelines – HWP and other durable biomass products 
(New and Update) 

- Update in relation to other durable biomass products for CDR: Develop factors for other 
durable products (e.g., biochar products) and guidance for higher tier methods, and transfers 
from other pools.  
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Volume 5: Waste (Update) 

 

Chapter 5 Volume 5 the 2006 IPCC Guidelines - Incineration and Open Burning of Waste 

(Update) 

- Placeholder: Depending on the decisions made in relation to CCU (in Volume 6), there might 

be a need for additional guidance on emissions arising from incineration of CO2 containing 

products 

 

 

Volume 6 Carbon Dioxide Capture, Transport, Utilization and Storage (IPCC Sector 5) (New and 

Update) 

 

Chapter 1. Introduction (New) 

- The basic concepts and terms and definitions related to CCUS should be addressed inter alia: 

technology, removal, short- and long-term storage, “negative” emissions. 

Chapter 2 Carbon Dioxide Capture from process gases (Update) 

 

Chapter 3 Direct Air Capture (New) 

Chapter 4. Carbon Dioxide Utilization (New) 

- Possible ways of CO2 utilization, e.g. enforced carbonation of industrial and mining wastes, 

critical mineral extraction, mineralisation (surface), synthetic fuels 

- Tracking of captured CO2, national carbon dioxide balance matrix (sources of captured CO2 vs. 

final use and short- and long-term storage). 

Chapter 5. Carbon Dioxide Transport (Update) 

- Update in relation to all sub-categories (CO2 transport (ship/rail/pipeline/truck) and cross-
border transfers)  

Chapter 6. Carbon Dioxide Injection and Geological Storage (Update) 

- Update in relation to all sub-categories (injection, long term storage, other)  
- Mineralisation (subsurface) 

 

 

Volume 7.  Direct Removal of CO2 from Waterbodies. Alkalinity Enhancement of Waterbodies 

(IPCC Sector 6) (New) 

 

Chapter 1. Introduction 

 

Chapter 2. Direct Removal of CO2 from Waterbodies 

• New guidance on enhancing carbon sinks by capture of CO2 from water with durable storage 

or other utilization.   

Chapter 3.  Alkalinity Enhancement of Waterbodies 

• New guidance on enhancing carbon sinks by increasing alkalinity in waterbodies. 
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Appendix 3. Instructions to Experts and Authors 

Instructions to Experts and Authors 

2027 Methodology Report on Carbon Dioxide Removal Technologies, 

Carbon Capture, Utilization and Storage 

(Supplement to the 2006 IPCC Guidelines) 

 

1. Work on a Methodology Report will be guided by the IPCC procedures for the Preparation, Review, 
Acceptance, Adoption, Approval and Publication of the IPCC Reports (Appendix A to the Principles 
Governing the IPCC Work8). This document is consistent with the IPCC procedures and applies 
to all experts engaged in the production of a new Methodology Report.  

2. In this document the term “experts” covers Co-Chairs, members of the TFI Bureau (TFB), technical 
support unit (TSU) Staff, Coordinating Lead Authors (CLAs), Lead Authors (LAs), and Review 
Editors (REs) as well as Contributing Authors (CAs) and Expert Reviewers. 

3. These notes are intended as guidance to experts contributing to a new Methodology Report. They 
are intended to ensure a consistent and coherent approach across all the volumes or chapters 
and to promote common terms used. 

Confidentiality 

4. Authors meetings are closed meetings. Any discussions are confidential except for any published 
report of the meeting. This is to ensure that experts participating in the meetings can express 
themselves and discuss issues freely and openly. 

5. The IPCC considers the drafts of a new Methodology Report, prior to acceptance, to be pre-
decisional, provided in confidence to reviewers, and not for public distribution, quotation or citation. 

6. The TSU will keep drafts of a new Methodology Report sent for the IPCC review, any comments 
received on them and the responses by authors. All written expert and government review 
comments will be made available to reviewers on request. These will be made available on the 
IPCC website as soon as possible after the acceptance by the Panel and the finalisation of the 
report.  

Conflict of Interest 

7. It is important that all experts involved in the IPCC activities avoid any conflict of interest or the 
direct and substantial appearance of a conflict of interest. It is recognised that many experts in 
Emission Inventories are employed by, or funded by, parties with some interest in the outcome 
(e.g. most inventory compilers are funded by national governments or industry). It is therefore 
important to be open and transparent about financial and other interests. 

8. The IPCC implements a Conflict of Interest (COI) Policy9  that applies to all individuals directly 
involved in the preparation of IPCC reports, including senior IPCC leadership (IPCC Chair and 
Vice-Chairs), other Bureau and Task Force Bureau members, authors with responsibilities for 
report content (CLAs, LAs), Review Editors and staff of the TSU. The overall purpose of this policy 
is to protect the legitimacy, integrity, trust, and credibility of the IPCC and of those directly involved 
in the preparation of reports, and its activities.  

9. Before an individual is appointed as a CLA, LA and RE for a new Methodology Report, the TFB 
will request the individual to complete a Conflict of Interest Disclosure Form (“the COI Form”) 
contained in Annex B to the COI Policy which will be submitted to the TSU. The TFB will then 
evaluate the form to determine whether the individual has a conflict of interest that cannot be 
resolved. 

10. All CLAs, LAs and REs will inform the TSU annually of any changes in the information provided in 
their previously submitted COI Form. The TFB will evaluate the revised information. 

 
8 https://www.ipcc.ch/site/assets/uploads/2018/09/ipcc-principles-appendix-a-final.pdf 
9 https://www.ipcc.ch/site/assets/uploads/2018/09/ipcc-conflict-of-interest-2016.pdf 
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11. All COI Forms and any records of the deliberations of the COI Expert Advisory Group, deliberations 
and/or decisions of the COI Committee in relation to conflict of interest issues in respect of specific 
individuals and any information disclosed by individuals for the purposes of the COI Policy will be 
transferred to the Secretariat after they have been reviewed and will be securely archived by the 
Secretariat and retained for a period of five years after the end of the assessment cycle during 
which the relevant individual contributed, after which the information will be destroyed. Subject to 
requirement to notify the existence of a conflict of interest to others, the information referred to 
above will be considered confidential and will not be used for any purpose other than consideration 
of conflict of interest issues under these Implementation Procedures without the express consent 
of the individual providing the information. 

Responsibilities of authors and other experts 

12. The role of authors is to impartially assess ALL the available literature and to describe the best 
methodologies available. Experts should be impartial. Authors should review all literature available 
up to a cut-off date to be decided by the TFB as part of the agreed work plan. 

13. After drafting the report authors will be asked to consider all comments received on the drafts and 
to adjust and revise the text accordingly. They should document their responses. If they do not 
accept a comment this should be explained. Review Editors should check whether the accepted 
changes were fully incorporated in the revised text. 

14. Responsibilities and duties of authors and other experts are currently explained in more detail in 
the IPCC procedures for the Preparation, Review, Acceptance, Adoption, Approval and 
Publication of the IPCC Reports (Appendix A to the Principles Governing the IPCC Work). 

Literature 

15. The use of literature should be open and transparent. In the drafting process, emphasis is to be 
placed on the assurance of the quality of all cited literature. Priority should be given to peer-
reviewed scientific, technical and socio-economic literature if available. 

16. It is recognized that other sources provide crucial information for IPCC Reports. These sources 
may include reports from governments, industry, and research institutions, international and other 
organizations, or conference proceedings. Use of this literature brings with it an extra responsibility 
for the author teams to ensure the quality and validity of cited sources and information as well as 
providing an electronic copy. In general, newspapers and magazines are not valid sources of 
scientific information. Blogs, social networking sites, and broadcast media are not acceptable 
sources of information for IPCC Reports. Personal communications of scientific results are also 
not acceptable sources. 

17. For any sources written in a language other than English, an executive summary or abstract in 
English is required. 

18. All sources will be integrated into a reference section of an IPCC Report. 

19. For more details of the procedure on the use and referencing of literature in IPCC Reports, see 
Annex 2 to the IPCC procedures for the Preparation, Review, Acceptance, Adoption, Approval and 
Publication of the IPCC Reports (Appendix A to the Principles Governing the IPCC Work). 

Principles of the new Methodology Report 

20. Guidance in the new Methodology Report should be understandable and easy to implement. Lead 
authors should make efforts to balance the need to produce a comprehensive self-contained report 
with reasonable limits to the length and detail of the guidance. In particular: 

a. The guidance should follow a cookbook approach by providing clear step by step 
instructions. It should not try to be a textbook. Detailed background information on emission 
processes, scientific studies, etc. is generally referenced rather than included.  

b. Lead authors must consider relevant scientific developments and national methods used 
by countries in their inventories. 

c. Authors should bear in mind that the target audience is a diverse group of readers who are 
primarily concerned with the elaboration of national inventories.  For this reason, the 
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emphasis should be on ensuring clear communication of practical and understandable 
guidance. 

21. This work aims to cover all IPCC inventory sectors with categories where the science is considered 
to be robust enough to provide guidance for a Tier 1 methodological approach and have a relative10 
contribution to the global/regional emissions of the species, using the significance and prioritization 
criteria as shown below. 

 

Significance and prioritization criteria 

• Significance of the category and the species within the sector on a global/regional scale. 
Categories significant only for a limited number of particular countries, currently or in the 
foreseeable future, may not meet this criterion. 

• Sufficient data availability and maturity of scientific advances to provide a basis for 
methodological development, including: 

o Ability to develop default emission and removal factors and parameters 

o Feasibility of obtaining the necessary data to implement the methods 

• Relevant for IPCC emissions scenarios and pathways to net zero emissions 

22. The general structure, approach and definitions used in the 2006 IPCC Guidelines, such as tiered 
approach and decision trees will be followed. Annexes may be used where necessary to contain 
additional data to support the methodologies, although large numbers of annexes will probably not 
be necessary. Appendices are not ruled out where scientific knowledge is insufficient for countries 
to agree full methodologies, but please avoid as far as possible work on areas that have to be 
relegated to an appendix. Appendices should be sub-titled by “Basis for future methodological 
development”.  

23. The general structure should include the following elements: Methodological issues (Choice of 
method, Choice of emission factors, Choice of activity data), Completeness, Developing a 
consistent time series and Recalculations, Uncertainty assessment, Quality Assurance/Quality 
Control (QA/QC) and Reporting and Documentation, Worksheets. 

24. Only Chapters identified in the draft Table of Contents are to be updated or new guidance should 
be provided, as proposed. However, authors should develop modifications for those Chapters, if 
deemed necessary to ensure consistency with updates or new guidance made in the other 
Chapters.  

 

Definitions 

25. The following terms will be used throughout the new Methodology Report, and it is essential that 
all Lead Authors have a common understanding of their meaning and relevance. 

26. Tier A - Tier refers to a description of the overall complexity of a methodology and its data 
requirements. Higher tier methods are generally more complex and data-intensive than lower tier 
methods. The guidance for each category should contain at least a Tier 1 method, and in many 
cases there will be a Tier 2 and Tier 3. The general expectation is that Tier 2 and Tier 3 methods 
will both be consistent with good practice guidance for key categories, although in some cases 
Tier 3 will be preferred. 

27. Tier 1 approaches are simple methods that can be applied by all countries in all circumstances. 
Default values for the emission and removal factors and any other parameters needed must be 
supplied (see below for documentation needed).  

28. Tier 2 methods should in principle follow the same methodological approach as Tier 1 but allow 
for higher resolution country specific emission and removal factors and activity data. In some 
categories, this may not be the case. These methods should better replicate the parameters 

 
10 i.e. not insignificant 
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affecting the emissions. Country specific emission and removal factors are needed and possibly 
more parameters will also be needed.  

29. Tier 3 methods give flexibility either for country specific methods including modelling or direct 
measurement approaches, or for a higher level of disaggregation, or both. This is a more complex 
method, often involving a model. This will replicate many features of nation emissions and require 
specific parameters for each country. 

30. Default information is data that is appropriate for use where there is no better detailed, country 
specific information. If appropriate, authors may specify regional default data. Users of the 
guidelines should be encouraged to try to find better country specific data. Default data are 
appropriate for Tier 1 methods and the guidelines should contain all the default values needed. 
Emission and removal factors for higher tiers need not be specified because it is a function of 
higher tier methods to find data reflecting national circumstances. Default information is included 
primarily to provide users with a starting point from which they can develop their own national 
assumptions and data. Indeed, national assumptions and data are always preferred because the 
default assumptions and data may not always be appropriate for specific national contexts. In 
general, therefore, default assumptions and data should be used only when national assumptions 
and data are not available. 

31. Decision Trees. A decision tree is a graphical tool to assist countries in selecting from the IPCC 
methods.   

32. Key categories are inventory categories which individually, or as a group of categories (for which 
a common method, emission and removal factors and activity data are applied) are prioritised 
within the national inventory system because their estimates have a significant influence on a 
country’s total inventory in terms of the absolute level, the trend, or the level of uncertainty in 
emissions. Key category analysis should be performed species by species. The appropriate 
threshold to define key categories should be considered by authors. 

33. Sector refers to the sectors of the guidelines, these are divided into categories and subcategories. 

a. Sector 1 

b. Category 1.A 

c. Sub-category 1st order 1.A.1 

d. Sub-category 2nd order 1.A.1.a 

e. Sub-category 3rd order, 1.A.1.a.i 

34. Worksheets. These will be printed versions of spreadsheet tables, that, when filled in, enable the 
user to perform the emission estimation. They should contain all the calculations and written text 
with any formulae. Additional worksheets may be required to compile the results of the worksheets 
into the reporting tables.  

35. Reporting Tables are tables that present the calculated emission inventory and sufficient detail of 
other data used to prepare the inventories for others to understand the emission estimates. 

36. Usage:  

a. “Good Practice” is defined in the 2019 Refinement as follows: “a key concept for inventory 
compilers to follow in preparing national greenhouse gas inventories. The key concept does 
not change in the 2019 Refinement. The term "good practice" has been defined, since 2000 
when this concept was introduced, as "a set of procedures intended to ensure that 
greenhouse gas inventories are accurate in the sense that they are systematically neither 
over- nor underestimates so far as can be judged, and that uncertainties are reduced so far 
as practicable". This definition has gained general acceptance amongst countries as the 
basis for inventory development and its centrality has been retained for the 2019 
Refinement. Certain terms in the definition have been updated based on feedback from the 
statistics community, such that this definition can be also understood as "a set of procedures 
intended to ensure that greenhouse gas inventories are accurate in the sense that they are 
systematically neither over- nor underestimates so far as can be judged, and that they are 
precise so far as practicable" in the context of refinement of Chapter 3 of Volume 1”.  
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The concept mentioned above should be applied to all species dealt with in this report. 

b. Good Practice covers choice of estimation methods appropriate to national circumstances, 
quality assurance and quality control at the national level, quantification of uncertainties and 
data archiving and reporting to promote transparency. 

c. “Shall” should not be used. Either say “Good Practice is…” or say what needs to be done 
or what should be done. These all indicate what needs to be done to comply with Good 
Practice. 

d. "Be encouraged to" indicates a step or activity that will lead to higher quality inventory but 
are not required for ensuring consistency with the IPCC Guidelines.  

e. “Recommend” should not be used. In the GPG2000, the word “recommend” was avoided 
and “Suggested” was used instead. 

f. “Inventory agency” is the body responsible for actually compiling the inventory, perhaps 
from contributions from a number of other bodies while “inventory compiler” is the person 
actually compiling the inventory, 

Reporting Tables and worksheets 

37. Worksheets reflect the application of tier 1 methods only, due to the varied implementation of 
higher tier methods by countries. Lead authors should stress the importance of documentation 
and archiving of particular types of information of relevance to each category, although advice may 
be given of what needs to be reported for transparency at higher Tiers. 

Emission and Removal factors and methods 

38. Authors should provide default emission or removal factors and parameters. In doing this work, 
they should draw on the widest possible range of available literature, scientific articles and country 
reports. Where default values for emission and removal factors or ancillary parameters cannot be 
provided for a robust methodology set to be a Tier 1 method, authors may decide to add the 
methodology as a higher tier method rather than Tier 1 setting the good practice for inventory 
compiler to use their own data. 

39. All data reported in the guidance as IPCC default values shall be justified by authors by providing 
TSU with all background data used, and the source of those data, as well as all information on the 
method applied to derive the default values from the background data, as needed to replicate the 
calculation, in a timely manner as drafts are being developed. Background data should be 
compiled in the attached form (Appendix 1) to facilitate the upload in the Emission Factor Database 
(EFDB).  Lead authors should be familiar with the draft cross-cutting guidance on data collection 
in Volume 1 and the guidance on cross-cutting issues in this note on terms, data types, data 
demands of methods and stratification requirements.  Default data should also meet the EFDB 
evaluation criteria – robustness, documentation, and applicability11.   

40. Authors should develop guidance to provide additional information on rationale, references and 
background information on parameters used for estimating of default values where such 
information is available (similar to Annexes in Chapter 10, Volume 4, of the 2019 Refinement), 
with a view to enhancing the transparency and applicability of default values presented in the new 
Methodology Report. 

41. Single IPCC default emission and removal factors might not be ideal for any one country, but they 
can be recommended provided that regional factors are unavailable, and the defaults are 
representative of typical conditions as far as can be determined.  It may be necessary or 
appropriate to provide a range of default emission and removal factors along with clear guidance 
about how countries should select from within the range. Lead authors may also provide multiple 
default emission and removal factors, disaggregated by region, technology (including abatement 
and removal technologies), or another relevant classification scheme. 

42. It is important to provide more default emission and removal factors that reflect the unique 
conditions of developing countries. In general, default emission and removal factors for Tier 1 

 
11 EFDB evaluation criteria: https://www.ipcc-nggip.iges.or.jp/EFDB/documents/EFDB_criteria.pdf 
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should represent emissions without category-specific mitigation measures, as well as relevant 
abatement technologies for which data are available. 

43. Users of the guidelines should be encouraged to develop and use country specific data. Emission 
and removal factors for higher tiers need not be specified in the Methodology Report. Default 
information is included primarily to provide users with a starting point from which they can develop 
their own national assumptions and data. Indeed, national assumptions and data are always 
preferred because the default assumptions and data may not always be appropriate for specific 
national contexts. 

44. The basic principle concerning national methods will continue to apply – countries are encouraged 
to use national data or methods so long as they are consistent with the IPCC Guidelines. 

45. Authors should consider consistency in treatment by the exporting and the importing country on 
reporting of national total net emission when imported biomass is used in BECCS, biochar and 
other biomass products taking into consideration avoidance of double counting and completeness 

46. Authors should exclude natural background when estimating GHG emissions/removals that are 
not carbon stock changes in C pools listed in Table 1.1 (Volume 4, AFOLU) and in the HWP pool. 

47. Methods and emission factors for direct CO2 removal and alkalinity enhancement will need to 
specify waterbodies, such as rivers, lakes, oceans, and others. 

48. Alkalinity enhancement may consider wastewater effluent and brine from desalinization 
processes. 

49. Methods and emission factors for direct CO2 removal from water bodies, increased alkalinity and 
enhanced weathering should consider downstream storage of inorganic carbon. 

50. Examples of coastal wetland systems that have not yet been considered in previous IPCC 
Guidelines are Tidal flats; tidal marsh-coastal sabkhas, seaweeds (macro-algae), subtidal 
sediments, and clarify definitions with consideration of Ramsar classes.  

51. Coastal and inland wetlands guidance may consider management for CDR including restoration 
and other activities. 

52. Enhanced weathering may include adding rock, mine tailings and other alkaline materials to land. 

53. Consider including carbonate lime additions in soils in the updated guidance on enhanced 
weathering for soil inorganic carbon. 

Boxes 

54.Consistent with the 2006 IPCC Guidelines, the new Methodology Report may contain Boxes, which 
should not be used to provide methodological guidance, but for information purposes or providing 
examples. 

Decision trees 

55.Consistent with the format and structure of the 2006 IPCC Guidelines, the new Methodology Report 
may contain a decision tree for some sub-categories to assist countries in selecting from the IPCC 
methods. These decision trees link the choice of IPCC methods to national circumstances via specific 
questions about data availability and status as a key category12.  

56.To ensure consistency in decision tree logic and format across categories, lead authors should adhere 
to the following requirements: 

a. The decision trees should be based on a series of questions with clear yes/no answers, 
and two subsequent branches along yes/no paths.   

b. The decision trees should start with assessing data availability for the highest tier method, 
and then direct countries step-wise towards lower tier methods if activity data, emission 
and removal factors or other parameters are not available.   

c. The decision tree should indicate the lowest tier method that is judged to be appropriate for 

 
12 The most appropriate choice of estimation method (or tier) may also depend on national circumstances, including the 

availability of resources and advice on this will be given in the cross-cutting volume. 



 

47 

 

estimating emissions from a key category. 

d. If data are not available for the method referred to in c, the ‘No’ response should direct the 
reader to the question “Is this a key category?”  If the answer to this is ‘Yes’, the decision 
tree should recommend that the country collect the necessary data to implement a higher 
tier method.  If the answer is ‘No’, then the decision tree can recommend a lower tier 
method. There is no need to deal with the case for a key category where a country does 
not have the resources to gather additional data needed to implement higher Tier methods. 
This is dealt with in Volume 1 of the 2006 IPCC Guidelines.  

e. The branches of the decision trees should end in ‘out-boxes’ that correspond to specific 
tiers identified in the guidance for that category and are labelled by Tier.  Lead authors may 
also recommend out-boxes for hybrid tiers. 

f. Lead authors may develop separate decision trees for different sub-categories.  
Alternatively, they may include decision tree options for selecting different tiers for different 
sub-categories.  This second option is appropriate if it is advantageous to recommend a 
higher tier method only for significant sub-categories rather than for the entire category. 
Decision trees that use the ‘significance’ criterion must include the “25-30% rule”13, as 
reassessed by authors.  

57.Additional Formatting Guidelines (see example): 

Decision trees should be drafted in separate files. The TSU will integrate these files into the main text at 

a later date. 

Decision trees should NOT ask the question: “Does this source occur in the country?” This is because 

decision trees will only be used for sources which occur.  

There should be a “START” box. “Diamonds” should be used for questions/decisions. “Squares” should 

be used for all other information. The out-boxes should be individually numbered. The text font should 

be Times New Roman 10pt. Text should be centered within the boxes. 

  

 
13 As defined in the 2019 Refinement (i.e., a significant sub-category is one that makes up more than 25-30% of emissions 

from a category). 
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Example. Decision tree for estimating emissions from fuel combustion  
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Units 

58.SI units shall be used throughout: in text, equations, worksheets and tables.  Emissions have to be 

expressed in mass units and units have to be used consistently within each sector. When similar activity 

data is used for different sectors same units need to be used (CLAs have to take care about such 

harmonisation). Conversion factors have to be provided (for example to estimate N2O from N2). Where 

input data available may not be in SI units conversions should be provided. 

59.Standard abbreviations for units and chemical compounds should be used.  
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Standard equivalents  

1 tonne of oil equivalent (toe)  1 x 1010 calories 

103 toe  41.868 TJ 

1 short ton  0.9072 tonne 

1 tonne  1.1023 short tons 

1 tonne  1 megagram 

1 kilotonne  1 gigagram 

1 megatonne  1 teragram 

1 gigatonne  1 petagram 

1 kilogram  2.2046 lbs 

1 hectare  104 m2 

1 calorieIT  4.1868 joule 

1 atmosphere  101.325 kPa 
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Appendix 4. Workplan 

 

Workplan 

2027 Methodology Report on Carbon Dioxide Removal Technologies, 

Carbon Capture, Utilization and Storage 

(Supplement to the 2006 IPCC Guidelines) 

 

 

Date Action Comments 

October 2024 Scoping Meeting 
Prepare ToR, ToC, Workplan and 
Guidance to authors 

October 2024 TFB36 Meeting 
Adoption of Outcomes of the Scoping 
Meeting and Submission to IPCC 

1st half 2025 IPCC-62 
IPCC Plenary approves ToR, ToC, 
Workplan and Guidance to authors 

1st half 2025 
Call for Nomination of Authors 
and Review Editors 

IPCC invites nominations from 
governments and international 
organizations 

1st half 2025 
Establishment of the Steering 
Committee 

TFB select members to join TFI Co-
Chairs in the Steering Group (to ensure 
consistency across all the volumes and 
continuity with the earlier IPCC 
inventory reports) 

1st half 2025 
Selection of Coordinating Lead 
Authors, Lead Authors and 
Review Editors 

Selection by TFB considering expertise 
and geographical and gender balance 

2nd half 2025 1
st
 Lead Author Meetings  LAM1 to develop zero order draft (ZOD) 

2nd half 2025 2
nd

 Lead Author Meeting 
To develop first order draft (FOD) for 
review 

Jan-Feb 2026  
(8 weeks) 

Expert Review 8 weeks review by experts 

2026 Science Meeting 

A small meeting of CLAs and some LAs 
to discuss specific issues that require 
intensive discussion to reinforce the 
writing process 

March 2026 3
rd

 Lead Author Meeting 
To consider comments and produce 
second order draft (SOD) for review 

July 2026 
Literature cut-off date (one week 
before SOD Review) 

Peer-reviewed papers accepted by the 
cut-off date (even if not yet published) 
will be considered. Non-peer-reviewed 
documents which are made publicly 
available by the cut-off date. 

August-September 
2026  
(8 weeks) 

Government & Expert Review 
8 weeks review by governments and 
experts 

December 2026 4
th
 Lead Author Meeting 

To consider comments and produce 
final draft (FD) 

March-April-May 
2027 

Government Review  
Distribute to governments for their 
consideration prior to approval (at least 
4 weeks prior to the Panel) 
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July 2027 Adoption/acceptance by IPCC 
Final draft submitted to IPCC Panel for 
adoption/acceptance 

2nd half 2027 Publication Electronic means 
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Appendix 5. Agenda of the Scoping Meeting 

IPCC Scoping Meeting 

Methodology Report on Carbon Dioxide Removal 

Technologies, Carbon Capture Utilization and Storage 
 

Moltkes Palæ 

Dronningens Tværgade 2, 1302 København K,  

Copenhagen, Denmark 

14-16 October 2024 

 

Preliminary Agenda 

Day 1 

9:00 - 9:30 Registration 

9:30 - 10:00 

Welcome 

- Marianne Thyrring, Director General of the Danish 

Meteorological Institute, Government of Denmark  

- IPCC TFI Co-Chairs (Takeshi Enoki and Mazhar Hayat) 

10:00 - 13:00 

Plenary session 1  

Presentations and discussion 

1. Introduction 

Objectives of the Meeting / Background (Rob Sturgiss, 

TSU) 

 

2. Introduction to IPCC Guidance (Andre Amaro, TSU) 

 

3. Expected outcome of the Scoping Meeting (Pavel 

Shermanau, TSU) 

 

Recommendation on the title and format of the 

Methodology Report 

Draft Terms of Reference (TOR) 

Draft Table of Contents (TOC) 

Draft Instructions to Experts and Authors 

(Outcomes of the meeting will be included in the 

meeting report and will be considered by the TFB to 

make a proposal to IPCC-62) 

Q&A 

13:00 - 14:30 Lunch break 

14:30 – 18:00 

Break-out group (BOG) session  

Consideration of the Table of Contents 

BOG1: Direct air capture, carbon capture, utilisation and 

storage, carbonation processes (cement, metal industry wastes 

and slag), removal of CO2 from oceans, cross-boundary issues. 

BOG2: AFOLU Chapters: Soils (biochar, enhanced weathering 

and inorganic carbon, other), biomass products other than 

HWP; coastal wetlands (seagrass, tidal marshes, macro algae, 

enhanced alkalinization); wastewater-based CDR/CCUS; 
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cross-boundary issues and open water bodies (ocean 

fertilization, enhanced alkalinization). 

 

Given the number and diversity of issues under consideration, 

BOG chairs may decide to establish sub-BOGs. 

18:00:  Reception hosted by the Government of Denmark. 
 
 

Day 2 

09:30 - 13:00 
BOG session (continuation) 

 BOG1, BOG2 and any sub BOGs 

13:00 - 14:30 Lunch break 

14:30 - 18:00 

Plenary Session 2  

Reports from BOGs, Cross-cutting issues, Formal docs 

- Report from BOGs on ToC 

- Discussion of cross-BOG issues 

- Discussion of TOR, Instruction to Experts and Authors, 

Workplan 

Day 3 

09:30 - 13:00 
BOG session (continuation) 

 BOG1, BOG2 and any sub BOGs 

13:00 - 14:30 Lunch break 

14:30 – 18:00 

Plenary session 3 

 Finalization of docs & wrap-up 

 Discussion and finalization of the documents to be 

recommended to the Task Force Bureau 

 Closing remarks 

Coffee break: 11:00 – 11:30 and 15:30 – 16:00 every day 
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Appendix 7. List of Acronyms and Abbreviations 

     

 

 

AD Activity Data 

AFOLU Agriculture, Forestry and Other Land Use 

AR IPCC Assessment Cycle 

BOG Break-out Group 

EF Emission Factor 

EMEP European Monitoring and Evaluation Programme 

GHG Greenhouse Gas 

HWP Harvested Wood Product 

IPCC Intergovernmental Panel on Climate Change 

IPPU Industrial Processes and Product Use 

TFB IPCC Task Force Bureau  

TFI Task Force on National Greenhouse Gas Inventories 

ToC Table of Contents 

ToR Terms of Reference 

TSU Technical Support Unit 
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UNFCCC United Nations Framework Convention on Climate Change 

  

  

  


