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Founded in 1971, ERM is the largest advisory firm in the world focusing solely on sustainability, offering unparalleled depth and 
breadth of expertise. ERM provides energy, environmental, health, safety & risk consulting services across the world. 
Specifically, we support energy transition in the industrial, CCS & GGR sectors through support on technology change, scale up, 
policy, investment and deployment. 

 

 

Funded through the UKRI SPF Greenhouse Gas Removal Demonstrators (GGR-D) Programme, CO2RE co-ordinates 
the Programme and conducts solutions-led research1 to evaluate a balanced portfolio of economically, socially and 
environmentally scalable GGR options, with associated policy design, engagement and outreach.   

                                                       
1 https://co2re.org/research-home/  



   

 
ERM and CO2RE, 2025 Update on Greenhouse Gas Removal Costs and Scaling Challenges 1 

Authors and affiliations  
Isabella Ragazzi is a Research Fellow at the CO2RE Hub and is based at the Institute for Sustainable Resources, University College 
London  

Yorukcan Erbay is a Senior Consultant at ERM 

Isabela Butnar is the coordinator of the CO2RE GGR Evaluation Framework and is based at the Institute for Sustainable 
Resources, University College London  

Hristo Gonev is a Consulting Senior Associate at ERM 

Silvian Baltac is Partner in Industrial Decarbonisation at ERM 

Mark Workman is a member of the CO2RE Business Models team and is based at Foresight Transitions, a strategy under 
complexity consultancy and Grantham Institute for Climate Change and the Environment, Imperial College London 

Navraj Singh Ghaleigh is the lead of the CO2RE Legal team and is based at the University of Edinburgh 

Philippa Westbury is the Stakeholder Manager for CO2RE and is based at the Grantham Institute for Climate Change and the 
Environment, Imperial College London 

Steve Smith is the Executive Director of Oxford Net Zero and the CO2RE Hub, and the Arnell Associate Professor of Greenhouse 
Gas Removal at the Smith School of Enterprise and the Environment, University of Oxford 

 
 
 
 
 
 
 
Suggested citation: CO2RE and ERM (2025). 2025 Update on Greenhouse Gas Removal Costs and Scaling Challenges. CO2RE 
policy report, available online https://co2re.org/publications/.  
  



   

 
ERM and CO2RE, 2025 Update on Greenhouse Gas Removal Costs and Scaling Challenges 2 

Executive summary  
Context and scope of this cost update 

In the summer of 2025, CO2RE commissioned ERM to produce Greenhouse gas removal (GGR) cost updates building on ERM’s 
prior analysis, Greenhouse gas removal methods and their potential to scale UK deployment.2 This report presents the updated 
costs, reflects on changes from 2021 GGR cost estimates, and contextualises the findings within CO2RE research to inform GGR 
investment and policy decisions.  
 
The GGR methods covered in this cost update differ slightly from the 2021 report. In this update, rather than considering one 
homogenous category of direct air carbon capture and storage (DACCS), two options are considered — DACCS liquid solvent and 
DACCS solid sorbent. Biochar, similarly, is now separated into biochar from different biomass feedstocks — biochar (perennial 
crops), biochar (wood waste), and biochar (household waste). In addition to bioenergy and carbon capture and storage (BECCS) 
for power and energy from waste — BECCS (power) and BECCS (EfW), in this report Fischer–Tropsch (FT) fuels plant retrofits are 
assessed as a new BECCS category — BECCS (FT). Several categories in the 2021 report (afforestation, BECCS hydrogen, habitat 
restoration, soil carbon sequestration, and wood in construction) are not included here due to resource constraints for this 
update.  
 
In addition to the cost update by ERM, this report presents analysis of the cost estimates within the context of how methods and 
data for GGR evaluation have evolved over the last four years, based on CO2RE research. In particular, we address developments 
and challenges regarding 1.) defining standardised system boundaries for GGR methods to allow for cross-comparison, 2.) 
business model assumptions, including advanced understanding of the factors affecting scale-up, and 3.) law and regulation 
impacting GGR scale-up.  
 
Evidence gathering approach and scenario description 
For the GGR cost update, this study utilises the same methodology as the 2021 report but incorporates more recent data sets. It 
also includes an extended definition of the Technology Readiness Levels (TRLs)3 to capture integration at scale (TRL 10) and 
proof of stability (TRL 11). Rather than considering TRL at the full supply chain level, this report communicates current TRL at key 
stages along each GGR supply chain to identify any hurdles to investment and uptake. For instance, fast and slow pyrolysis for 
biochar production has a TRL of 11, but biochar applications into cement/concrete and landfill burial have a TRL of 5 and 7, 
respectively, hence the overall TRL of biochar is reported as ranging from 5 to 11 (see Table 1). Transparency of the technical 
readiness of each part of the supply chain enables an understanding of funder and investor risk perceptions and where 
uncertainty may limit market funding.  
 
The cost update examines three cost scenarios: low-cost, medium-cost, and high-cost, considering different GGR scale-up 
conditions which support or hinder GGR cost reduction over time and with scale. The medium-cost scenario is deemed the most 
probable with average values selected for variable parameters. The value ranges in Table 1 are ERM’s best estimates for 
assessed GGR techniques based on a triangulation of values reported in the literature.

                                                       
2 A 2021 report by ERM and the UK Centre for Ecology and Hydrology: 
https://assets.publishing.service.gov.uk/media/616ff80ce90e07197b571c95/ggr-methods-potential-deployment.pdf 
3 International Energy Agency (2019). Innovation Gaps. Available at: https://www.iea.org/reports/innovation-gaps  
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Table 1. GGR Technology Readiness Levels (TRLs) and costs estimated across the deployment scenarios considered in this work. The ranges of 
cost estimates show costs for the low- to high- cost scenarios (most to least favourable conditions), with the medium cost- scenario’s value 
shown in brackets. The TRL ranges represent the minimum to maximum values of TRL for each step of the full supply chain of each GGR.   

GGR method  
TRL full supply chain 

Cost 
£/t CO2 captured 

2030 2050 
DACCS liquid solvent 6-11 

(TRL 6 - DAC; 10 - CO2 transport (pipelines, truck, and rail); 7 - CO2 transport (ships); 11 - 
CO2 storage in depleted oil and gas fields; and 9 - CO2 storage in saline aquifers) 

325 - 578  
(440) 

169 – 405  
(284) 

DACCS solid sorbent 7-11 
(TRL 7 - DAC; 10 - CO2 transport (pipelines, truck, and rail); 7 - CO2 transport (ships); 11 - 

CO2 storage in depleted oil and gas fields; and 9 - CO2 storage in saline aquifers) 

636 – 842  
(735) 

259 – 489  
(353) 

BECCS (power), CCS retrofit 5-11 
(TRL 10 - Biomass sourcing (cultivation); 11 - biomass sourcing (forestry residues); 5 - 

bioenergy production and CO2 capture (from biomass power plant); 7 - bioenergy 
production and CO2 capture (from biomass-fired combined heat and power); 10 - CO2 

transport (pipelines, trucks, and rails); 7 - CO2 transport (ships); 11 - CO2 storage in 
depleted oil and gas fields; 9 - CO2 storage in saline aquifers)  

114-218  
(157) 

88 – 190  
(130) 

BECCS (EfW), CCS retrofit* 7-11 
(TRL11 - Biomass sourcing (waste collection; 7 - bioenergy production and CO2 capture 

(from waste incineration); 10 - CO2 transport (pipelines, trucks, and rails); 7 - CO2 
transport (ships); 11 - CO2 storage in depleted oil and gas fields; 9 - CO2 storage in saline 

aquifers)  

221-347  
(273) 

173-298  
(223) 

BECCS (FT), CCS retrofit  8-11 
(TRL 10 - Biomass sourcing (cultivation); 11 - biomass sourcing (forestry residues);  8 - 
bioenergy production and CO2 capture (FT plant); 10 - CO2 transport (pipelines, trucks, 
and rails); 7 - CO2 transport (ships); 11 - CO2 storage in depleted oil and gas fields; 9 - 

CO2 storage in saline aquifers) 

106-192 
(141) 

93-176 
(127) 

Enhanced Rock Weathering* 8-11 
(TRL 11 - Rock mining; 10 - rock crushing; 8 - rock application to soil) 

350-864 
(487) 

262 – 670 
(365) 

Biochar* (perennial crops) 5-10 
(TRL 10 - Biomass sourcing (cultivation); 9 - biochar production (slow and fast pyrolysis); 

6 - biochar production (flash pyrolysis); 10 -biochar application (to farm); 5 - biochar 
application (to cement/concrete); 7 - biochar application by burying) 

974 – 1,171 
(1,048) 

1,007 – 1,210 
(1,082) 

Biochar* (wood waste) 5-11 
(TRL 11 - Biomass sourcing (forestry residues); 9 - biochar production (slow and fast 

pyrolysis); 6 - biochar production (flash pyrolysis); 10 - biochar application (to farm); 5 - 
biochar application (to cement/concrete); 7 - biochar application by burying) 

150 – 201  
(172) 

138 – 179  
(155) 

Biochar* (household waste) 5-11 
(TRL 11 - Biomass sourcing (waste collection); 9 - biochar production (slow and fast 

pyrolysis); 6 - biochar production (flash pyrolysis); 10 - biochar application (to farm); 5 - 
biochar application (to cement/concrete); 7 - biochar application by burying) 

20 – 46 
(32) 

5 – 20 
(12) 

* For biochar and enhanced rock weathering methods, note that the cost per CO2 captured reflects a set quantity of CO2 assumed to be captured per dry metric 
tonne of biochar and rocks produced, not what is captured in biochar or rock dust application to soil/land. 

 
Key findings, Comparison to EE & CEH 2021 report, contextualisation within R&D advances 

• In general, ERM’s estimated costs have increased as compared to 2021 data. This is largely attributable to the 
availability of more up-to-date evidence, where previously information was more uncertain. Changes in CO2 transport 
and storage (T&S) fees, energy prices, the cost of finance, and the addition of monitoring, reporting & verification 
(MRV) costs in the model are important overall drivers for the cost increase. 

• The additional detail for DACCS and biochar enables a more nuanced assessment of costs. For instance, it is now clear 
that the economics for perennial crops are challenging compared to other biochar feedstock options, largely due to 
high feedstock and cropland operation and maintenance costs.   

• Given the nascent nature of the GGR sector, cost estimates are heavily influenced by assumptions and projections, e.g. 
system boundaries, technology learning curves, overall system configuration4, and legal or regulatory requirements. 
The deep uncertainty that pervades the sector is not always rendered clearly in concise cost numbers. Common 
assumptions in the technology development space, including some used to generate these 2025 GGR cost updates, do 
not always capture the complex uncertainty in the sector. Thus, CO2RE recommends considering the following when 
conducting GGR assessments:  

                                                       
4 Broader 2nd order cost drivers for GGR technologies e.g., electricity system configuration, its merit order and cost structure. 
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o System boundaries and the functional unit of GGR systems: Discrepancies in system boundaries can over- or 
under- estimate the effectiveness of GGR, and reporting in different units, e.g. per tonne biochar produced or  
per tonne of CO2 captured by Direct Air Capture, make GGR inter-comparison difficult, if not impossible.5 
There is a need for a common definition of system boundaries such that GGR methods can be compared on a 
per tonne of CO2 removed basis. To achieve this, evaluated system boundaries should capture CO2  removals 
and emissions from all stages of the GGR supply chain, including CO2 capture from the atmosphere, supply 
chains to take this atmospheric carbon to storage, and the final storage.  

o Deep uncertainty: Consolidative modelling assumptions can obscure the deep uncertainty surrounding the 
GGR sector. Learning curves serve as an example. Single factor technology learning curves (SFLCs), which are 
used regularly to understand the rate of improvement in technology costs and performance, are 
fundamentally flawed to apply to the GGR space due to the absence of a clear long-run demand curve for GGR, 
a key source of uncertainty. However, SFLCs remain the most dominant method for quantitative modelling of 
energy technology innovation. The BECCS methods in this study use SFLCs, as these are the best-available 
learning rates. However, SFLCs can be misleading and should only be seen as an indicative ‘best guess.’ 
Component-based learning curves, which were used for DACCS in this study, consider the learning rate of 
individual components in the technology and offer some additional granularity. However, work is needed to 
develop multi-factorial learning rates such that policy interventions can be tailored to work in lockstep with 
technology learning needs. 6 

o Coherent business model development: Economic cost analysis based on (limited) data available can obscure 
many of the complexity, uncertainty and risk dynamics that start-ups face when developing business models in 
the emerging UK GGR sector. This is especially relevant when considering how the economy would need to 
change, e.g. legal aspects, skills development, infrastructure lock-in.  Applying ethnographic, exploratory and 
multi-objective approaches, rather than relying solely on the outputs of cost analyses, will allow policy design 
that better supports business model development.6,7,8 

o Legal and regulatory requirements: Even if GGR methods appear ready and cost-competitive, legal aspects in 
the UK can hinder GGR deployment if not updated and tailored to GGRs. To take waste law as an example, 
complying with end-of-waste and by-product tests has high transaction costs due to the absence of baseline 
standardisation (out with voluntary certifications) and case-by-case assessments. Waste-related processes and 
obligations are burdensome, unclear and diverge across UK jurisdictions, which risks dampening the interest of 
entrepreneurs and investors in biochar.  

 
The report is structured as follows: Section 1 introduces key context on the GGR sector and the scope of the report, Section 2 
presents the results of ERM’s cost update, Section 3 discusses the findings in the context of key learnings from CO2RE activities, 
Section 4 concludes and Section 5 provides added detail as to ERM’s cost methodology. 
 

  

                                                       
5Butnar, I., Lynch, J., Vetter, S., Gamaralalage, D., Tang, Y., McKechnie, J., Foteinis, S., Rodway-Dyer, S., Röder, M., Sogbesan, S., Hastings, A., 
Renforth, P., Brander, M. and House, J. (2024), A Review of Life Cycle Assessment Methods to Inform the Scale-Up of Carbon Dioxide Removal 
Interventions. WIREs Energy Environ, 13: e540. https://doi.org/10.1002/wene.540  
6 Workman, M.H.W., et al., 2021. Climate policy decision making in contexts of deep uncertainty – from optimisation to 
robustness. Environmental Science and Policy 120 (2021) 127–137 
7 Bistričić, Brophy, Taricco, Wagle and Workman Unlocking Private Investment for Greenhouse Gas Removal: Public-private collaboration and a 
technology-specific policy approach, CO2RE Hub policy briefing, September 2025  
8 Wagle, Van Looy, Westbury, Contreras Diaz and Workman UK Carbon Dioxide Removals Ecosystem 2026+: Collective insight as to the needs 
of the UK sector to 2035, CO2RE Hub report, September 2025 
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BECCS Bioenergy, and carbon capture and storage 
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Section 1. Introduction 
Context 
Greenhouse Gas Removal (GGR) is a broad term for activities that capture greenhouse gases from the atmosphere and store 
them outside of the atmosphere with some degree of permanence. GGR is also known as ‘negative emissions’, or carbon dioxide 
removal (CDR) when referring to CO2 removal specifically.  
 
GGR is critical for reaching climate goals and net zero targets. The Intergovernmental Panel on Climate Change (IPCC) has 
concluded that keeping global temperature below 2°C requires both deep emissions reductions and significant GGR 
deployment.9 In line with IPCC findings, the UK government has committed to a “net zero” target: a reduction of at least 100% in 
greenhouse gas emissions by 2050 as compared to a baseline of 1990. It is estimated that achieving the UK’s net zero target will 
require around 36 million tonnes of carbon dioxide equivalent (MtCO2) /year of removals of engineered removals in 2050, in 
addition to around 44 MtCO2 /year of removals via land use.10 
 
Globally, an estimated 2 billion tonnes CO2 (GtCO2) of GGR is already taking place, the majority from afforestation and 
reforestation.11 However, novel GGR methods—such as those described in this report—currently contribute only 0.01% of total 
GGR. These methods are seeing a growing number of projects, but large-scale deployment is limited by their current high costs 
combined with limited financial incentive to do removals. These in turn are driven by substantial uncertainty on GGR technical 
viability, sparse operational data on removal potential across full GGR supply chains, uncertainty on environmental impacts and 
resource needs, as well as technical limitations and limited data on the costs of various options in the nearer term and at scale. 
The UK has begun building an evidence base through government-funded demonstration projects and R&D projects. CO2RE Hub, 
the UK’s Greenhouse Gas Removals Hub funded by the Greenhouse Gas Removal Demonstrators (GGR-D) Programme has been 
working with stakeholders to co-develop a holistic appraisal for sustainable, robust and credible removals. Through a mapping of 
government and R&D projects, CO2RE has developed an evaluation framework that sheds light on the scale up potential for GGR 
methods.12 CO2RE has also produced evidence to support six key actions needed to scale up an optimal mix of sustainable GGR 
methods in the long term, as outlined in the forthcoming consolidated GGR-D report.13  

(1) Adopt holistic frameworks and tools to guide decision-making. These frameworks allow GGR methods to be 
assessed holistically and compared on a consistent and coherent basis as part of a portfolio of GGR options. CO2RE 
has drawn on technical expertise from across the GGR-D programme and carried out extensive user engagement to 
develop the CO2RE Evaluation Framework.14 The framework comprises four sustainability and three governance 
dimensions, each with a set of indicators and underlying criteria. 

(2) Develop business models and liability regimes that create value and share risk. This is essential to attract private 
investment and scale GGR technologies, particularly where innovation is required. 

(3) Put in place policies and partnerships tailored to suit individual GGRs. Designing an effective sequence of policies 
along the technology innovation and development process necessitates accounting for market conditions, firm 
dynamics, and learning effects. 

                                                       
9 IPCC (2023). Climate Change 2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland, 184 pp. DOI: 
10.59327/IPCC/AR6-9789291691647  
10 Committee on Climate Change (2020). Sixth Carbon Budget, p.80. Available at: https://www.theccc.org.uk/publication/sixth-carbon-budget/  
11 Smith, S. M., Geden, O., Gidden, M. J., Lamb, W. F., Nemet, G. F., Minx, J. C., Buck, H., Burke, J., Cox, E., Edwards, M. R., Fuss, S., Johnstone, 
I., Müller-Hansen, F., Pongratz, J., Probst, B. S., Roe, S., Schenuit, F., Schulte, I., Vaughan, N. E. (2024). The State of Carbon Dioxide Removal 
2024 - 2nd Edition. DOI 10.17605/OSF.IO/F85QJ 
12 CO2RE, The GGR Evaluation Framework. Available at: https://co2re.org/ggr-evaluation/  
13 CO2RE, forthcoming report. The UKRI Strategic Priorities Fund Greenhouse Gas Removals Demonstrator Programme: An overview of key 
research insights and cross-cutting lessons. https://co2re.org/publications/  
14 See note 12. 
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(4) Address regulatory gaps and barriers to enable GGR to scale. A comprehensive regulatory review of GGRs in the UK
and devolved nations has clarified how GGRs are currently regulated and where there are gaps and areas for
improvement in the regulatory regimes.15

(5) Embed sustainability into governance underpinned by pragmatic MRV standards. The sustainability of GGR
depends not only on what type of GGR method is being deployed, but how it is being deployed and where. GGR
project-level assessments need practical but comprehensive MRV schemes that incorporate multiple outcomes,
and not just carbon removal.16

(6) Scale responsibly by attending to societal concerns and preferences. The potential for GGR methods to scale
depends on their socially responsible development: the potential consequences must be anticipated, assumptions
must be reflected upon, society must be engaged in decision making, and lessons learnt must be acted upon to
positively affect innovation trajectories. The responsible innovation and societal engagement work package in the
CO2RE Hub has collected a wide range of evidence through multi-criteria analyses, national surveys and
experiments, deliberative workshops, ethnographies, critical reflections and analyses, and reviews and syntheses
to support the responsible scaling of GGR in the UK.17

Objectives and scope 
One critical aspect to GGR scale-up is economic cost. Effectively estimating costs is necessary for planning and prioritisation 
purposes for policymakers and investors. In the past four years, cost estimates have gained specificity as some GGR methods 
have matured and more data has become available.  

This cost update yields insights into GGR business models by providing an estimate of GGR costs in 2030, when first-of-a-kind 
(FOAK) could be deployed, and 2050, when the GGR method could be deployed at scale, i.e. Nth-of-a-kind (NOAK) is on the 
market. These costs can inform on the economic viability of the GGR methods. CO2RE commissioned ERM to estimate the costs 
of GGR technologies, following the same methodology they utilised for their cost assessment in the 2021 report, Greenhouse 
gas removal methods and their potential to scale UK deployment18, but populating their analysis with data from the last five 
years. ERM also provided an update on the Technology Readiness Levels (TRLs) of each method’s required activities. This report 
presents the results of their analysis (Section 2) to explore how costs have changed as the GGR sector has evolved.  

This report draws on CO2RE’s learnings to contextualise the ERM cost estimates (Section 3), and highlight key gaps which need 
to be further addressed to bring GGR costs down, while delivering sustainable GGR scale up in the UK and globally (Section 4).  

Section 2. ERM cost estimates for individual GGRs 
Nine GGR options were assessed in this cost update. These included two types of DACCS, i.e. liquid solvent and solid sorbent, 
three types of bioenergy plants retrofitted with CCS, i.e. power, FT fuels and EfW bioenergy plants, enhanced rock weathering 
(ERW), and three types of biochar differing by type of feedstock, i.e. perennial crops, wood waste and household waste.  

15 Van Looy, M. and Singh Ghaleigh, N. (2025). Greenhouse Gas Removals Regulatory Review: Mapping a Novel Legal Landscape by Stakeholder 
Interviewing. CO2RE Report. https://co2re.org/wp-content/uploads/2025/09/CO2RE-GGR-Regulatory-Review-v5.pdf 
16 CO2RE, Monitoring, Reporting and Verification. Available at: https://co2re.org/ggr-evaluation-3/monitoring-reporting-verification/  
17 CO2RE, People/social. Available at: https://co2re.org/ggr-evaluation-3/people-social/  
18 See note 2. 
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2.1 Direct air carbon capture and storage (DACCS) 
DAC methods capture CO2 out of ambient air and convert it into a pure stream for subsequent geological storage. In a difference 
from the 2021 report, costs were estimated for two categories of DACCS. Liquid solvent DAC captures CO2 directly from the 
atmosphere using a chemical loop that brings air into contact with a basic solution, where the CO2 then adheres to the solution. 
This is followed by a second loop, which releases the CO2 from the solution at high temperatures (300-900°C) into a pure stream 
of CO2 which can be captured. Solid sorbent DAC directly captures CO2 from the atmosphere using a solid adsorbent. Adsorption 
takes place at ambient temperature and pressure, while desorption happens at low pressure and high temperature (80-120°C).  

Figure 1. Breakdown of DACCS costs in the medium-cost scenario by type of cost (coloured columns), as compared to the 2021 cost values 
(shown in grey). The detailed breakdown of costs is available in Table 6. DACCS cost updates considering two types of DACCS technology and 
assumptions in Section 2. Table 6 in the Annex. 

Liquid Solvent DAC (e.g. Carbon Engineering19) is one of the most developed DAC technologies. As shown in Figure 1, the cost of 
liquid DACCS is estimated to be higher in this update than the 2021 estimates, despite seeing lower fuel costs. A portion of this 
increase is due to the higher financing costs and the higher base CAPEX in the newer model, as well as the assumed higher cost 
of CO2 transport and storage, ranging from £40-£70/t CO2 captured depending on the cost scenario (compared to £17/tCO2 in 
2030 and £10/tCO2 in 2050 used in 2021 estimates). 

Solid Sorbent (e.g. Climeworks / Global Thermostat) DAC has higher costs than liquid solvent DACCS in 2030 cost estimates. This 
can be attributed to higher CAPEX (almost double that of DACCS with liquid solvents), and higher non-fuel OPEX (specifically, the 
cost of capture chemicals). By 2050, solid sorbent DACCS CAPEX costs approach those of liquid DACCS, but maintain slightly 
higher cost due to capture chemicals costs.  

2.2 Bioenergy and carbon capture and storage (BECCS) 
BECCS is a complex supply chain constituted by 3 main stages: (1) capture of CO2 from the atmosphere by growing biomass 
(crops, forests), (2) supply chains harvesting this biomass, processing it for use for energy production, energy production (power, 
hydrogen, fuels, heat) with carbon capture, and finally (3) geological storage of captured CO2. Three different BECCS methods 
are assessed, all considering retrofits of existing bioenergy plants. 

19 https://carbonengineering.com/  
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The BECCS power retrofit represents a retrofit of an existing biomass-fired power plant with CCS technology, conserving the 
same biomass supply. The additional energy consumption caused by the CCS retrofit leads to a reduced power output and an 
increase in costs, but it can potentially deliver carbon removals.  
 
The BECCS Energy from Waste (EfW) represents the retrofit of an EfW plant with CCS technology. The additional energy 
consumption caused by the CCS retrofit leads to a reduced energy production from the plant, resulting in a loss of revenue. To 
note, the feedstock is mixed biomass and fossil composition, and only the biomass to energy fraction could produce Removals 
rather than simply avoided emissions. However, the overall cost per tonne CO2 captured presented in Table 1 and Figure 2 is 
reported per total CO2 captured, including fossil CO2.  
 
The BECCS Fischer Tropsch (FT) represents the retrofitting of FT fuels plants with carbon capture and storage technology. During 
the process, a mixture of carbon monoxide (CO) and hydrogen (H₂) is converted into liquid hydrocarbons, such as synthetic fuels 
(diesel, gasoline). CO2 emissions are typically generated during the biomass gasification and syngas conditioning steps. Biomass 
feedstock is assumed to be unchanged.    

 

Figure 2. Breakdown of BECCS costs in the medium-cost scenario by type of cost (coloured columns), as compared to the 2021 cost values 
(shown in grey). The detailed breakdown of costs is available in Table 7 in the Annex. 

 
The updated analysis estimates higher costs as compared to the 2021 model. For BECCS power, the increase is almost entirely 
driven by the CO2 transport and storage costs of £70/t CO2 in the medium cost scenario (compared to 17/tCO2 in 2030 and 
£10/tCO2 in 2050). CAPEX and OPEX for BECCS power are lower than in the 2021 model.  
 
BECCS EfW costs are estimated as significantly higher than the 2021 values. The difference can be attributed to the near 
doubling of CAPEX and T&S costs, as well as almost quadrupling of OPEX, as obtained from more up-to-date data. BECCS EfW 
and BECCS power also show some cost incurred from lost revenue from the reduction in energy generation due to CCS. 
However, this is not a significant contributor to cost (4-6% of cost in the medium cost scenario). 
 
The BECCS FT retrofit was not analysed in the 2021 report. For FT plants, CO2 transport and storage costs contributed over 40% 
of total cost across the three cost scenarios. BECCS FT has much lower CAPEX and financing costs as compared to both other 
BECCS methods, and lower operating expenditures than EfW.   
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2.3 Enhanced rock weathering (ERW) 
ERW represents the increase in CO2 consumption and mineralisation through the application of basic silicate rock material to 
land. The supply chain includes rock mining, rock crushing, and rock application to soil. As shown in Figure 3, OPEX is the primary 
contributor to cost. This includes the cost of excavation, transport, comminution, and spreading of basalt. MRV costs contribute 
approximately 30% to costs in 2030, though this falls to 10% of total costs in 2050. CAPEX and financing costs, which apply to the 
investment in establishing the mine, are very low compared to OPEX and MRV costs. This analysis differs substantially from the 
2021 model, focusing more on cost and less on land area.   

Figure 3. Breakdown of ERW costs in the medium-cost scenario per type of cost (coloured columns), as compared to the 2021 cost report 
(shown in grey). The detailed breakdown of costs is available in Table 8 in the Annex. 

2.4 Biochar 
Biochar represents the conversion of biomass to biochar via pyrolysis and the subsequent application of biochar to suitable land 
area as durable CO2 storage. Three biomass feedstocks have been explored, including perennial crops (miscanthus), wood waste, 
and household waste. To note, the biochar cost analysis covers up to biochar production. The CO2 captured rate is calculated per 
tonne of biochar, not based on application to soil. 

As shown in Figure 4, feedstock costs drive the differences across biochar production methods.  Biochar made from perennial 
crops is substantially more expensive than other biochar options largely because of the significant costs associated with 
purpose-grown crops. Costs for biochar from wood waste are much lower than for biochar for perennial crops, but higher than 
household waste BECCS, again driven by operating expenditures. The costs of biochar from household waste fit within the cost 
range of the 2021 study and are significantly lower than other biochar options, driven by the negative cost of feedstock (based 
on landfill gate fees) and slightly lower financing cost. Interestingly, costs in 2050 actually increase for biochar made from 
perennial crops due to the assumption of a hotter soil temperature in 2050, which lowers the soil’s CO2 capture rate. OPEX cost 
improvements for perennial crops in 2050 are quite small, and are more than offset by the lower CO2 capture rate, leading to a 
slight increase in costs overall.   
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Figure 4. Breakdown of biochar costs in the medium-cost scenario per type of cost (coloured columns), as compared to the 2021 cost report 
(shown in grey). The detailed breakdown of costs is available in Table 9 in the Annex.  
 

Section 3. Discussion  
ERM’s 2021 GGR cost estimates were based on the best available knowledge at the time. For consistency and cross-comparison 
purposes, the 2025 ERM update illustrated in Section 3 used the same methods as in the 2021 study, but with more up-to-date 
data, published between 2021 and 2025. However, over the same period (2021- 2025), CO2RE Hub and the GGR-D programme 
advanced understanding and methods for quantifying carbon removals and associated costs, which do not necessarily match 
ERM assumptions. In the following, we discuss ERM results in the context of these advancements, pointing to the need for 
further work to enable consistent cross-GGR comparison as more data becomes available.  
 
The key advancements discussed here refer to: 

1. Consistent system boundary definitions across all GGRs to enable cross-comparison per tonne CO2 removed (as 
opposed to CO2 captured as presented in Section 2), 

2. Accounting for uncertainty with multifactorial learning rates, 
3. Coherent business models: impacts on costs arising from barriers faced by GGR businesses, and 
4. Legal frameworks, considering impacts on costs arising from limitations in current legal and regulatory context in 

supporting operation and scaling up.  
 

3.1 Consistent system boundaries  
GGRs are being developed and scaled up to extract CO₂ from the atmosphere to slow or even reverse global warming. 
Understanding how CO₂ is removed and how long it remains stored is essential. It is also critical to understand that GGRs are not 
single technologies but, rather, are a set of activities—from capture to storage. To ensure credibility, the full life cycle must be 
assessed, with transparent accounting of emissions and removals at each stage. 
 
Usually two core principles define GGR: (1) CO₂ (or other greenhouse gas emissions) is physically removed from the atmosphere, 
and (2) Removed CO₂ is durably stored outside of the atmosphere. CO₂RE adds a third principle: (3) The removal is supported by 
sustainable supply chains that link capture to durable storage. Including supply chains ensures that emissions from intermediate 
steps don’t undermine the removal. All three principles are vital for robust and genuine GGR. 
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With these principles in mind, Figure 5 shows the complete system boundaries which should be considered for each GGR type. 
When removals and emissions are reported for each GGR life cycle stage, CO2RE and the GGR-D Programme recommend 
reporting net removal of CO2 over the entirety of the GGR’s activities.  Figure 5 also shows the system boundaries of ERM’s cost 
and CO2 capture assessment denoted by purple dashed lines for the carbon accounting, and orange dashed lines for the cost 
accounting.  

(a) DACCS (b) BECCS

(c) ERW (d) Biochar

Figure 5.GGR-D recommended full supply chains for GGR appraisal: (a) DACCS, (b) BECCS, (c) ERW, and (d) Biochar as contrasted with ERM 
carbon accounting boundaries (purple dashed lines) and cost accounting (orange dashed lines).  

A first observation is the discrepancy between the ERM’s cost and carbon accounting. ERM’s cost data spans most of the GGR 
life (orange dashed outlines) while the carbon accounting is limited to CO2 capture and perhaps one more life-cycle stage (purple 
dashed outlines). This is largely due to a lack of data availability and uncertainty in other supply chain steps. However, this 
inconsistent boundary definition and consequently incomplete carbon accounting can lead to under-estimation of costs per unit 
of carbon removed from the atmosphere. Additionally, CO2RE recommendation is to capture all the stages of the GGR process in 
question when calculating cost and carbon accounting. This enables a determination of costs per unit of CO2 removed rather 
than captured, which is a more useful comparative value. 

Capturing a more robust cost estimation per tonne CO2 removed requires system boundary and reporting unit harmonisation to 
enable comparison across GGR types.  The UK Government has already made an important step in this direction, commissioning 
the British Standards Institute to coordinate the publication of the first flexi-standards for BECCS and DACCS accounting, with 
further work in the pipeline to cover other GGR types.20  These standards were commissioned by the UK Department for Energy 
Security and Net Zero to increase GGR comparability on the same terms and prioritise funding for GGR initiation and 
deployment in the UK. GGR-D research findings and discussions across diverse stakeholders underpinned these harmonised 
standards.  

20 BSI (2025). BSI Flex 2006: v1.0:2025-07, Bioenergy with carbon capture and storage (BECCS). Quantification of greenhouse gas emissions 
(GHG) and removals – Specification; BSI (2025). BSI Flex 2007 v1.0:2025-07 Direct air carbon capture and storage (DACCS) – Quantification of 
greenhouse gas (GHG) emissions and removals – Specification. 
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3.2 Deep uncertainty: Implications of assumptions on estimated costs 
The establishment of the GGR sector is in its nascency. Early renewables deployment benefited from an existing electricity 
infrastructure and market. In comparison, there is foundational work to be done to generate demand for GGR in addition to 
addressing the complexity dynamics that are pervasive in the sector.21  The extent to which consolidative modelling assumptions 
are applied will dictate outputs and obscure the deep uncertainty surrounding the sector.22 In reality, it is difficult to predict 
how the GGR technology portfolio will develop and what factors will significantly impact costs and deployment. This will be 
determined by aspects that are hard to quantify, if currently known at all, alongside factors that can be quantified but where 
there is no agreement on which values to apply. Furthermore, there may be factors that emerge in the future, possibly from 
other sectors of the economy, that will shape the outcome. These issues are problematic to model but should be considered in 
parallel by policymakers when considering modelled cost estimates. 

One example of the complexities associated with deep uncertainty is in assumed learning curves. Despite their simplifications, 
single factor learning curves (SFLCs) remain the most dominant method for quantitative modelling of energy technology 
innovation – as is applied in the ERM cost update to BECCS technologies. In the absence of a clear long run demand curve for 
GGR, the application of this approach causes a very large uncertainty around the cost estimates.  A more robust approach 
would require the development of multi-factor learning curve models and bottom-up cost models.  Multi-factor learning curves 
capture that technology innovation learning is highly dimensional and encompasses the following components23:  Learning by-
researching, or by-searching; Learning by-deployment also called learning by doing; learning by-using; and learning by-
interacting. Economies of scale and the existence and structure of markets also affect cost reductions. The requirement for 
multiple factors to be accounted for in GGR cost curve development feeds into a broader need for transparent, multi-objective 
exploratory approaches in GGR analysis which allows trade-off analysis to be undertaken across a wide range of stakeholders - 
each with their own specialist and equally important perspectives. Considering these dynamics in cost assessments increases the 
transparency around the learning drivers across different stakeholders and geographical areas, which could underpin better 
policies for GGR scale up, tailored to specific regional needs. 

3.3 Coherent business models 
Coherent business models for GGR methods are critical to reaching deployment at scale. Business models are hindered by a lack 
of revenue certainty, long project lead times, and ambiguity around CO2 removal potential. Not considering these factors in 
capital cost estimations could lead to underestimation of GGR costs both in the near- and long-term, i.e. less optimistic learning 
curves and a smaller reduction of capital costs over time.  

Lack of revenue certainty 
Accessing risk-adjusted capital is fundamental to enable the establishment and scale-up of the GGR sector to ultimately allow 
costs to fall. The finance sector requires, at a minimum, to have revenue visibility for carbon and co-products over 12-15 years 
for the majority of business model assessments to even consider allocating risk-adjusted capital, i.e. project finance to the 
sector.24  Without a long-term demand curve for GGR generated credits, there is offtake uncertainty which means that investors 
are not in a position to quantify whether they are going to get a return on their investment. Without a demand curve supply 
side capital is problematic to price.  If supply side capital cannot be risk adjusted then the cost of projects and therefore 
learning curves become almost impossible to calculate without substantive assumptions.  

Obtaining risk-adjusted capital allows GGR business models to make use of a broader pool of capital and access a lower 
weighted average cost of capital (WACC) by reducing their dependence on debt. Currently, GGR business models are hindered in 
accessing project finance because of the lack of a demand curve for the sector, making them reliant on volatile voluntary carbon 

21 Workman et al (forthcoming). Investing in negative emissions: Market complexity that needs a new analytical and policy paradigm. In second 
review for Energy Research and Social Science. 
22 Where analysts do not know, or the parties to a decision cannot agree on, (1) the appropriate conceptual models that describe the 
relationships among the key driving forces that will shape the long-term future, (2) the probability distributions used to represent uncertainty 
about key variables and parameters in the mathematical representations of these conceptual models, and/or (3) how to value the desirability 
of alternative outcomes. In particular, the long-term future may be dominated by factors that are very different from the current drivers and 
hard to imagine based on today’s experiences. 
23 Elia, A., et al. (2021). Impacts of innovation on renewable energy technology cost reductions. Renewable and Sustainable Energy Reviews 
(138) 110488. Available at: https://doi.org/10.1016/j.rser.2020.110488.
24 This extends to 20 years for biochar and ERW
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markets as the primary form of renumeration for captured CO2. The limited overall market for the GGR sector is further affected 
by the lack of incentives and compliance requirements for companies to demand GGR, unless operating under internal net zero 
targets.  

In order to assign more value to GGR and to provide revenue certainty, government support could take several forms: 
1. The government could serve as a backstop purchaser to provide a signal to the market to derisk projects;
2. The government could establish a public sector UK-specific organisation similar to the Science-based Target Initiative

(SBTi), requiring large UK economic sectors to report their Net Zero commitments and the role of GGR within them. This
would be similar to EU initiatives.25

3. Public-private collaborations between government and private sector could derisk projects and crowd in private
investment.

The second and third option have generated broad consensus in the CO2RE Hub. Other interventions include the UK government 
directly purchasing negative emissions credits; the introduction of floor prices; the government stepping in as a buyer of last 
resort; explicitly integrating negative emissions into mandates, obligations, and/or public procurement standards; providing 
technical risk backstop - in light of new scientific insight which might result in baseline re-calibration; mandating private sector 
companies to purchase negative emissions allowances backed with clear legal definitions and to encouraging in-setting, i.e. in 
their own supply chains. 

Project lead times 
Project lead times can also drive uncertainty in revenue estimation. Lead times are impacted by the need to integrate electricity-
hungry GGR sites into the UK electricity transmission and distribution network, and the need to develop carbon transport and 
storage networks for CCS dependent GGR sites. The latter is particularly relevant to BECCS and DACCS.  

Uncertain CO2 removal 
Uncertainty regarding CO2 removal potential is another risk to investors as it limits the ability to estimate project value. While 
MRV methods are available for some types of GGR to capture removal potential (particularly visible in the biochar sector), they 
are not standardised, which limits cross comparison of different GGR methods. There is a need for UK government to continue 
working on GGR standardised methods26 to increase certainty of removal and to enable the comparison across different GGR 
types.  

Furthermore, to increase GGR data collection and transparency using the standardised methods, CO2RE proposes a private-
public partnership framework be established to facilitate confidence and trustworthiness in credits generated by private sector 
projects. The framework should develop dimensions to guide the setting of standards and could operate as follows:   

1. Government to commission studies and data collection which would facilitate private actors to focus on priority
research areas to address market concerns.  This in turn would improve GGR-related investment, analysis and
creditworthiness.

2. To enable transparency and objectivity, as well as best practice, academia could create frameworks to enable data to
be pooled from private actors, e.g. data from field projects and measurements of emissions removals, and undertaking
analysis according to best practice standards which could then be integrated into the GGR market. This needs to be
done without compromising commercial sensitivity.

25 The Green Claims Directive, proposed in the E.U., aimed to set minimum criteria for companies to substantiate environmental claims. The 
directive is now defunct due to disagreements on amendments, but serves as an example of what could be possible. See more at: 
https://www.carbontrust.com/news-and-insights/insights/whats-next-for-green-claims-in-europe-and-beyond-a-qa 
26 DESNZ commissioned reporting standards for BECCS and DACCS, which set coherent system boundaries and units of reporting. See BSI 
(2025). BSI Flex 2006: v1.0:2025-07, Bioenergy with carbon capture and storage (BECCS). Quantification of greenhouse gas emissions (GHG) 
and removals. Specification; and BSI (2025). BSI Flex 2007 v1.0:2025-07 Direct air carbon capture and storage (DACCS) – Quantification of 
greenhouse gas (GHG) emissions and removals – Specification. 
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By using the approach outlined above, the government would bridge the gap between the private sector’s insufficient ability to 
evaluate the quantities of removals generated according to scientific best-practice and academia’s need for a larger pool of long 
run data to enable statistical validity and confidence in the credits generated.  
 
Only when data uncertainty is resolved can the suite of market making mechanisms e.g., forward price curves, valuation models, 
and insurance, allow CDR assets and products to be treated as a conventional asset class facilitating the drawing in of 
institutional investment.  
 
3.4 Legal contexts 
Reducing GGR costs over time requires an established and working legal environment which stimulates best practices and 
prohibits practices which negatively affect the environment in which GGRs operate. Currently, none of the prominent GGR 
approaches has a dedicated legal framework. Rather, GGRs operate in a web of pre-existing ‘legacy’ laws and regulatory 
contexts which variously constrain and enable their deployment. Note that these bodies of legacy law were designed by the 
legislature, refined by the courts, and used by private parties with a very particular set of values and goals in mind. To take the 
example of agricultural tenancies (relevant to biochar and ERW), they reflect a delicate balancing act between promoting 
investment, ensuring fairness, and adapting to evolving economic, environmental and food security needs. In many cases, there 
is a distinct lack of ‘fit’ between legacy law and GGR needs.  The indiscriminate application of the one to the other is akin to 
fitting a bicycle tire onto a heavy goods vehicle and hoping for the best. 
 
The central legal challenge faced by both regulators and industry in the GGR sector is the difficulty of pursuing regulatory 
development in the absence of an established evidence base of the GGR activity in question. This stems primarily from 
regulators’ legal mandates, for example mandates of environmental protection and due regard to the precautionary principle – 
see further27. The upshot is that the regulatory regime for any given GGR approach is one not designed for, or necessarily well 
adapted to, the present need, raising costs for the regulated community and regulators both. Research also highlights that 
regulators’ ability to engage with GGR technology understanding and development, establish and retain expertise, and actually 
regulate GGRs, are all in a state of flux. Engagement with industry and inter-regulator engagement vary across regulators and 
there are challenges where regulatory ownership in unclear.28 Funding is a perennial challenge and particularly in the 
agricultural context where funding varies by nation, with schemes like Environmental Land Management Schemes (ELMS) 
promoting environmental outcomes. Notably however, recent closures and uncertainties in various schemes hinder GGR uptake. 
There are no GGR technique-specific financial incentive mechanisms and stakeholders repeatedly highlight their absence as a 
problem. Biochar stakeholders for example propose capital subsidies, soil-based payments and permit-linked demand to combat 
high feedstock costs and limited carbon market returns.29  
 
Finally, particular bodies of law hold great sway over future GGR scaling yet are not well situated for the task. Planning law is 
foremost amongst these, with planning reform and greater support from decision-makers needed for swifter and less onerous 
planning processes. For an industry which is so nascent and in large part composed of small operators, such burdens are not 
easily overcome. This is a shifting landscape as UK nations currently approach planning reform such as the Planning and 
Infrastructure Bill (2025). It remains to be seen whether and when these reforms will reduce the challenges faced by GGR 
operators. Likewise, the complexity of permitting systems requires attention. Whilst UK nations are seeking to address this, for 
example in Scotland’s consolidated permitting processes or through ongoing consultation in England, targeted progress is 
needed to avoid stymieing the emerging GGR ecosystem. Specific attention is needed for wholesale gaps in permitting regimes 
for ERW and DACCS. 

                                                       
27 Van Looy, M. and Singh Ghaleigh, N. (2025). Greenhouse Gas Removals Regulatory Review: Mapping a Novel Legal Landscape by Stakeholder 
Interviewing. CO2RE Report. https://co2re.org/wp-content/uploads/2025/09/CO2RE-GGR-Regulatory-Review-v5.pdf @ Ch3  
28 Van Looy, M. and Singh Ghaleigh, N. (2025). Greenhouse Gas Removals Regulatory Review: Mapping a Novel Legal Landscape by Stakeholder 
Interviewing. CO2RE Report.  https://co2re.org/wp-content/uploads/2025/09/CO2RE-GGR-Regulatory-Review-v5.pdf @ Ch4 
29 Van Looy, M. and Singh Ghaleigh, N. (2025). Greenhouse Gas Removals Regulatory Review: Mapping a Novel Legal Landscape by Stakeholder 
Interviewing. CO2RE Report.  https://co2re.org/wp-content/uploads/2025/09/CO2RE-GGR-Regulatory-Review-v5.pdf @ Ch5 
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Section 4. Conclusions  
This report presents the latest developments in costs for assessed GGR methods. ERM's updated estimates are a result of the 
same methodology as their 2021 report, but with updated data. Overall, the costs for the GGR methods generally rose as 
compared to 2021 estimates. For BECCS power retrofits, this was driven in large part by revised estimates of CO₂ transport and 
storage costs and the inclusion of MRV costs. BECCS EfW retrofits saw extreme increases in CAPEX and OPEX as well as a near 
doubling of T&S costs. BECCS FT retrofits, a new addition in this report, had lower CAPEX and financing costs than both other 
BECCS methods, and lower OPEX than EfW. However, similarly to the other two options, CO2 transport and storage costs made 
up a substantial portion of overall costs. ERW costs are dominated by OPEX and MRV, while CAPEX and financing costs are 
comparatively low.  
 
Disaggregation of DACCS and biochar methods provide a more granular understanding of their respective cost drivers, revealing 
the higher chemical costs for solid sorbent DAC options as compared to liquid solvents and the economic challenges of perennial 
crop management for biochar.   
  
However, GGR cost estimates remain highly assumption-dependent, obscuring the deep uncertainty that continues to 
characterise this emerging sector. While cost-based analyses can provide 'best guess' cost estimates, they do not necessarily 
capture the business, legal, and financial challenges that GGR developers face. To enable deployment at scale, coherent business 
models will require stable revenue mechanisms, access to risk-adjusted capital, and a clear, fit-for-purpose regulatory 
framework. Legal challenges as to how GGR fit into existing laws and regulatory contexts and the need for regulatory 
development without an established evidence base requires attention. Consistent system boundary definitions to compare GGR 
types and standardised MRV practices are also essential to reduce investor uncertainty and support market formation. Only 
when GGR challenges are tackled holistically will the sector be able to scale up. 
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Section 5. Methods for cost updates, scenario description and assumptions  
This GGR cost update follows the same methodology utilised in the 2021 report, with updated data where available. The 
evidence used to inform cost assumptions was gathered through a focused literature review, considering recently published 
literature and data sources (post-2020, where available). Some assumptions were also determined through stakeholder, 
including industry, engagement.  
 
Three scenarios were considered for this update—low-, medium-, and high-cost. The low-cost scenario represents a ‘best-case’ 
scenario in which all relevant variables develop under favourable conditions to minimise costs. The high-cost scenario reflects 
the ‘worst-case’ outcome in which all variables evolve under unfavourable conditions that maximise costs. Variables that change 
in each scenario include CAPEX and OPEX, learning rates, energy demand, electricity prices, CO2 transport and storage costs, and 
MRV costs. The medium-cost scenario is deemed the most probable scenario, with average values selected across the variable 
parameters. The value ranges in Table 1 are ERM's best estimates for the considered GGR, based on a triangulation of values 
reported in the literature, with some additional analysis to adapt to the context of the study (boundaries, UK context, units) and 
to account for uncertainties or bias. 
  
5.1 Cost estimation 
Total GGR costs are normalised to gross CO2 captured or stored (depending on the GGR type). At this stage it was not possible to 
report costs per net CO2 removal, due to the accounting complexity of modelling net removals and data availability across full 
GGR supply chain, e.g. emissions generated in CO2 transport to storage for BECCS and DACCS, in rock mining and grinding for 
ERW.  
 
Costs were estimated by summing capital expenditures (CAPEX) including financing costs, operating expenditures (OPEX) 
including both fuel (where applicable) and non-fuel costs, Monitoring, Reporting and Verification (MRV), and CO2 transport and 
storage costs (applicable to BECCS and DACCS). To note, in the BECCS Power and EfW scenarios, the total costs also account for 
revenue lost from the reduced power output, based on wholesale electricity prices and the reduction in energy generation due 
to carbon capture. The biochar scenarios account for the sale of co-products (pyrolysis oil, which is expressed as a negative 
cost), but do not assign a sale price to the biochar itself. 
 
An overview of these costs and their sources is given in Table 1-Table 4 in the Annex. Plant operations, demands, and other 
assumptions used in cost estimation are also described in the Annex. The cost reductions achieved for 2050 depend on CAPEX 
learning rates. For DACCS, these rates came directly from the literature and assume global deployment (Wei et al., 2025). For 
BECCS, learning rates are sourced from Zhang et al. (2020), also assuming global deployment. ERW assumes fixed CAPEX in 2030 
and 2050 and biochar assumes a 0.9 CAPEX learning rate (IRENA, 2016).  

5.2 Carbon accounting  
For DACCS and BECCS, emissions are counted based on assumed captured CO2 at the carbon capture facilities. The BECCS EfW 
scenarios account for both biogenic and fossil CO2. In reality, fossil CO2 should not be included in “removals” as it is an avoided 
emission. Other ‘avoided emissions’, for example the emissions that would have been incurred by waste disposal by incineration 
without carbon capture, are not included in the carbon accounting. This is due to the complexity and uncertainty of assuming a 
counterfactual. For instance, if plastic waste is left in a landfill, the avoided emissions would be zero. However, if the plastic 
would otherwise be incinerated, the avoided emissions would be quite high. The calculation of CO2 emissions captured for each 
method is available in Table 5 in the Annex. 

For ERW, the amount of CO2 captured depends on how finely the rocks have been ground down, which impacts the surface-to-
volume ratio. The extra energy required for the grinding leads to higher cost. The cost per tCO2 captured is lowest for a particle 
size of 1 microns and highest for a particle size of 100 microns. The highest CO2 capture rate occurs in the medium cost (1 



   

 
ERM and CO2RE, 2025 Update on Greenhouse Gas Removal Costs and Scaling Challenges 19 

micron) scenario, with a rate of 0.278 tCO2/t rock. This falls to 0.153tCO2/t rock for the low-cost (10 micron) scenario and 0.045 
tCO2/t rock for the high cost (100 microns) scenario. CO2 drawdown rates are taken from Rinder and von Hagke (2021). The 
smallest rock size is used in the medium cost scenario because in ERW, there is a trade-off between CO2 capture rate and the 
energy required to grind down the rocks. While the 1-micron rock particles capture the most CO2 per tonne of rock (due to the 
highest surface-to-volume ratio), the significant amount of energy needed to grind down rocks into particles this small (£267/t 
CO2 captured in comminution costs) means that this is not the cheapest scenario per tCO2 captured. 
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Annex 
Table 2. Source of data and assumptions for estimation of CAPEX costs across all types of GGR considered in this update. 

GGR type Reference (source of data/ assumptions) ERM additional calculation  

BECCS  ERM report30 for BECCS EfW and BECCS Power; 
2021 IEAGHG Technical Report31 for BECCS FT 

Assume scaling factor 0.67 for BECCS Power and BECCS FT (ERM 
internal assumption). BECCS EfW did not require a scaling factor 
as references with an appropriate plant size were available. 
Capex learning rates to 2050 based on Zhang et al. (2020)32 
(assuming global deployment), capex payment lifetime for all 
three BECCS is sourced from AECOM (2022)33 

DACCS Imperial College London, City Science (2025)34 Learning rates from Wei et al. (2025)35 (assuming global 
deployment), and payment lifetime assumptions from Eke et al 
(2025)36 and Ottenbros et al. (2024)37 

Biochar Capital costs for forestry residue feedstock scenario 
from Amjed et al. (2024)38 

Scaling factor of 0.7 (O'Hara and Suboleski, 199239) + adjustment 
to reflect the lignin content of feedstock (Di Gruttola and Borello, 
2021; Jung et al.,2015). 
Learning rates to 2050 from Gamaralalage et al. (2025)40 
(assuming plant scale only), capex payment lifetime from Letoffet 
et al (2024)41. 

ERW Kantzas et al. (2022)42 For the low-cost scenario, assuming half the mine size to allow for 
more realistic distances of 20 km. Scaling factor of 0.7 from 
O'Hara and Suboleski (1992). Note no learning assumed for ERW, 
i.e. Capital costs remained fixed in all 2030 and 2050 scenarios for 
ERW. Payment lifetime assumptions based on Kantzas et al. 
(2022), UK scale. 

Table 3. Source of data and assumptions for estimation of OPEX costs across all types of GGR considered in this update. 

                                                       
30 ERM. (2024). EfW with CCS: A key pillar for net zero in the UK.ERM. Available at: https://www.erm.com/globalassets/insights/efw-with-ccs-a-
key-pillar-for-net-zero-in-the-uk-151124.pdf 
31 IEAGHG. (2021). Biorefineries with CCS. IEAGHG. Available at: https://publications.ieaghg.org/technicalreports/2021-
01%20Biorefineries%20with%20CCS.pdf  
32 Zhang, D., Bui, M., Fajardy, M., Patrizio, P., Kraxner, F. and Mac Dowell, N. (2019). Unlocking the potential of BECCS with indigenous sources 
of biomass at a national scale. Sustainable Energy & Fuels, Royal Society of Chemistry. Available at: 
https://pubs.rsc.org/en/content/articlelanding/2020/se/c9se00609e  
33 AECOM (2022). Next Generation Carbon Capture Technology Technoeconomic Analysis. [online] Department for Business, Energy and 
Industrial Strategy. Available at: https://assets.publishing.service.gov.uk/media/6294923ce90e07039e31b777/aecom-next-gen-carbon-
capture-technology-technoeconomic-analysis.pdf  
34 Imperial College London and City Science (2025). Assessing the feasibility for large-scale DACCS deployment in the UK. Report prepared for 
the Climate Change Committee. [online] Available at: https://www.theccc.org.uk/wp-content/uploads/2025/02/Assessing-the-Feasibility-for-
Large-scale-DACCS-Deployment-in-the-UK-2.pdf. 
35 Wei, Y., Peng, S., Kang, J., et al. (2025). Unlocking the economic potential of Direct Air Capture technology: Insights from a component-based 
learning curve. Technological Forecasting and Social Change, 215, 124109. Available at: doi.org/10.1016/j.techfore.2025.124109 
36 Eke, V., Sahu, T., Ghuman, K., Freire-Gormaly, M., and O'Brien, P. (2025). A comprehensive review of life cycle assessments of direct air 
capture and carbon dioxide storage. Sustainable Production and Consumption,55, pp. 217-241. Available at: 
https://doi.org/10.1016/j.spc.2025.02.017  
37 Ottenbros, A.B., van Zelm, R., Simons, J. et al. (2024). Prospective environmental burdens and benefits of fast-swing direct air carbon capture 
and storage. Scientific Reports, 14, 16549 (2024). https://doi.org/10.1038/s41598-024-66990-2 
38 Amjed, M., Sobic, F., Romano, M.,et al. (2024) Sustainable Energy Fuels, 2024,8, 4243-4262. Available at: 
https://pubs.rsc.org/en/content/articlelanding/2024/se/d4se00450g  
39 O'Hara, T.A and S. Suboleski.  (1992). Cost and Cost Estimation. In: Nube Minera. [online] Available at: https://nubeminera.cl/wp-
content/uploads/2019/05/Nube-Minera-OHara-Subolewsky.pdf   
40 Gamaralalage, D., Rodgers, S., Gill, A. et al. (2025) Biowaste to biochar: a techno-economic and life cycle assessment of biochar production 
from food-waste digestate and its agricultural field application. Biochar 7, 50. Available at: https://doi.org/10.1007/s42773-025-00456-0 
41 Letoffet, A., Campion, N., Böhme, M., et al. (2024). Techno-economic assessment of upgraded pyrolysis bio-oils for future marine fuels. 
Energy Conversion and Management, 306, 118225. Available at: https://doi.org/10.1016/j.enconman.2024.118225. 
42 Kantzas, E.P., Val Martin, M., Lomas, M.R. et al. (2022) Substantial carbon drawdown potential from enhanced rock weathering in the United 
Kingdom. Nat. Geosci. 15, pp. 382–389. Available at: https://doi.org/10.1038/s41561-022-00925-2  
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GGR type Reference (source of data/ assumptions) ERM additional calculation  

BECCS  2024 ERM report43 for BECCS Power and BECCS EfW 
and BECCS Power 
Michaga et al. (2022)44 for BECCS FT 

For BECCS FT, OPEX is based on Fig. 5 assumptions of the costs and 
quantity of SAF production from a BECCS FT plant. 

DACCS Liquid solvent costs from Imperial College London 
(2025)45 
Solid sorbent costs from 2021 ERM report46 

 

Biochar Letoffet et al. (2024)47 Costs taken from agricultural residue feedstock scenario and 
adjusted based on lignin content of chosen feedstock of Di Gruttola 
and Borello (2021)48 and Jung et al. (2015)49 

ERW Spreading and excavation activities from Kantzas et al. 
(2022)50 
Comminution costs from Chiquier et al. (2022)51, 
Renforth (2012)52, and Hangx and Spiers (2009)53 

 

 
Table 4. Source of data and assumptions for other costs considered in this update. 
Assumption type Reference (source of data/assumptions) 

Monitoring, reporting and verification (MRV) cost London School of Economics (2024)54 
CO2 transport and storage costs (for BECCS and 
DACCS methods) 

ERM (2024).55 ERM assumes offshore storage at a fixed £40/tonne storage cost, with cost 
variation originating from distance to storage site. ERM assumes no reduction in T&S prices 
over time due to use of mature technologies from Bacilieri et al. (2023)56  

Energy costs (wholesale power prices for BECCS 
EfW and BECCS Power, electricity and heat prices 
for DACCS, industrial electricity prices for ERW) 

For BECCS Power, EfW, and DACCS, 2030 low and high values taken from wholesale 
electricity projections from DESNZ (2023)57; 2030 medium value taken as average of low 
and high values. The 2050 values were calculated by taking the projected percentage in 

                                                       
43 See note 3030. 
44 Michaga, F., Michailos, S., Akram, M., et al. (2022). Bioenergy with carbon capture and storage (BECCS) potential in jet fuel 
production from forestry residues: A combined Techno-Economic and Life Cycle Assessment approach. Energy Conversion and Management, 
255, 115346. Available at: https://doi.org/10.1016/j.enconman.2022.115346.  
45 See note 3434. 
46 See note 22. 
47 See note 41. 
48 Di Gruttola, F. and D. Borello. (2021). Analysis of the EU Secondary Biomass Availability and Conversion Processes to Produce Advanced 
Biofuels: Use of Existing Databases for Assessing a Metric Evaluation for the 2025 Perspective. Sustainability, 13, 7882. Available at: 
https://doi.org/10.3390/su13147882. 
49 Jung, S.,  Kim, S., Chung, I. (2015). Comparison of lignin, cellulose, and hemicellulose contents for biofuels utilization among 4 types of 
lignocellulosic crops. Biomass and Bioenergy, 83, pp. 322-327. Available at: https://doi.org/10.1016/j.biombioe.2015.10.007. 
50 See note 4242. 
51 Chiquier, S., Patrizio, P., Bui, M., et al. (2022). A comparative analysis of the efficiency, timing, and permanence of CO2 removal pathways. 
Energy & Environmental Science, 15, 4389. Available at: https://doi.org/10.1039/d2ee01021f.  
52 Renforth, P. (2012). The potential of enhanced weathering in the UK. International Journal of Greenhouse Gas Control, 10, pp. 229 – 243. 
Available at: https://doi.org/10.1016/j.ijggc.2012.06.011.  
53 Hangx, S. and C. Spiers. (2009). Coastal spreading of olivine to control atmospheric CO2 concentrations: A critical analysis of viability. 
International Journal of Greenhouse Gas Control, 3, pp. 757-767. Available at: https://doi.org/10.1016/j.ijggc.2009.07.001. 
54 London School of Economics. (2024). Towards improved cost estimates for monitoring, reporting and verification of carbon dioxide removal. 
Available at: https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2024/10/Towards-improved-cost-estimates-for-monitoring-
reporting-and-verification-of-carbon-dioxide-removal-.pdf  
55 See note 3030. 
56 Bacilieri, A., Black, R., & Way, R. (2023). Assessing the relative costs of high-CCS and low-CCS pathways to 1.5 degrees. Oxford Smith School 
Working Paper 23- 08.  
57 Department for Energy Security and Net Zero and Department for Business, Energy & Industrial Strategy. (2022). Energy and emissions 
projections: 2021 to 2040. GOV.UK. Available at: https://www.gov.uk/government/publications/energy-and-emissions-projections-2021-to-
2040  
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price difference between 2030 and 2050 according to the Green Book (2023)58. For DACCS, 
the overall price was calculated as the wholesale price plus £10/MWh.59 For ERW, the 
industrial electricity price is from the Green Book (2023)60.   

Biomass costs (Biochar) Wet biomass costs for perennial crops is taken from Terravesta (2025)61, with adjustments 
to account for the difference between wet and dry biomass. The wood waste scenarios 
assume costs based on Argus Media (2024)62 and the household waste cost is assumed 
based on European Investment Bank (2024)63. 

Biomass demand (biochar) Saharudin et al. (2024)64 
Pyrolysis oil sale prices (Biochar) iMarc (2025) 65 
Biochar sale price ERM assumed no revenue from biochar sales. 
Electricity demand  For biochar, data taken for agricultural residue feedstock scenario (Letoffet et al, 2024), 

then adjusted lignin content of chosen feedstock (Di Gruttola and Borello, 2021; Jung et al., 
2015) 
For ERW, Rinder and von Hagke (2021)66 

Parasitic load (BECCS Power and EfW) EfW — AECOM (2022)67 
Power — Gustafsson et al. (2021)68 

Net electrical capacity before and after CCS EfW – AECOM (2022) 69 
Power – Saharudin et al (2024) 

Tonnes of biomass per net electrical capacity Utilising values from Seras70 for Mersey Bioenergy, Templeborough Biomass Power and 
Chilton Biomass Energy Centre to obtain a range of efficiencies 

Biomass ratios (Biochar) Biochar to biomass ratio and pyrolysis oil to biomass ratio from Tian et al. (2023)71 for 
perennial crops and Vamvuka et al. (2023)72 for wood and household waste 

Basalt particle sizes (ERW) Rinder and von Hagke (2021).73 Micron sizes of 10 (low-cost), 1 (medium-cost), and 100 
(high cost) were considered due the different rates of CO2 sequestration at different 
particle sizes. The cost per tCO2 captured is lowest for a particle size of 10 microns and 
highest for a particle size of 100 microns 

                                                       
58 Department for Energy Security and Net Zero. (2023). Valuation of energy use and greenhouse gas emissions for appraisal. Supplementary 
guidance to HM Treasury’s Green Book. GOV.UK. Available at: https://www.gov.uk/government/publications/valuation-of-energy-use-and-
greenhouse-gas-emissions-for-appraisal  
59 Paul, K. UK corporates hit with GBP 5-10/MWh premium on PPAs. Montelnews.com. Available at: https://montelnews.com/news/1641e3f6-
e628-4895-a3c3-395e050ae638/uk-corporates-hit-with-gbp-5-10-mwh-premium-on-ppas  
60 See note 5858. 
61 Terravesta. (2025). Returns – Miscanthus vs wheat vs barley vs farming schemes – Jan2025. Available at: https://terravesta.com/shared-
files/10792/?Returns+-+Miscanthus+vs+wheat+vs+barley+vs+farming+schemes+-+Jan2025.pdf  
62 Argus Media. (2024). Argus Biomass Markets. Argus Media Group. Available at: https://www.argusmedia.com/-
/media/project/argusmedia/mainsite/english/documents-and-files/sample-reports/argus-biomass-markets-report-sample.pdf   
63 European Investment Bank. (2024) Managing refuse-derived and solid recovered fuels : best practice options for EU countries. European 
Investment Bank. Available at: https://data.europa.eu/doi/10.2867/056652.  
64 Saharudin, D., Jeswani, H., and A. Azapagic. (2024). Biochar from agricultural wastes: Environmental sustainability, economic viability and the 
potential as a negative emissions technology in Malaysia. Science of the Total Environment, 919, 170266. Available at: 
https://doi.org/10.1016/j.scitotenv.2024.170266. 
65 iMarc (2025), Pyrolysis Oil Prices, Trend, Chart, Demand, Market Analysis, News, Historical and Forecast Data Report 2025 Edition. Available 
at: https://www.imarcgroup.com/pyrolysis-oil-price-trend. 
66 Rinder, T. and C. von Hagke. (2021). The influence of particle size on the potential of enhanced basalt weathering for carbon dioxide removal 
- Insights from a regional assessment. Journal of Cleaner Production, 315, 128178. Doi: 10.1016/j.jclepro.2021.128178. 
67 See note 3333. 
68 Gustaffson, K., Sadegh-Vaziri, R., Grönkvist, S., et al. (2021). BECCS with combined heat and power: Assessing the energy penalty 
International Journal of Greenhouse Gas Control, 108, 103248. Doi: 10.1016/j.ijggc.2020.103248 
69 See note 3333. 
70 Seras. (n.d.). Biomass wood waste fuel customers. Available at: https://www.seras.co.uk/biomass-customer-locations/. 
71 Tian, H., Zhu, R., Chen, L. et al. (2023). Aromatic hydrocarbons rich bio-oil production from Miscanthus pyrolysis 
by coupling torrefaction and MoO3/ZSM-5 dual catalysis process. Industrial Crops & Products, 204, 117314. Available at: 
https://doi.org/10.1016/j.indcrop.2023.117314.  
72 Vamvuka, D., Esser, K, Marinakis D. Characterization of Pyrolysis Products of Forest Residues and Refuse-Derived Fuel and Evaluation of 
Their Suitability as Bioenergy Sources. Applied Sciences. 2023; 13(3):1482. https://doi.org/10.3390/app13031482 
73 See note 6666. 
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Transport  Transport distance assumed to be 50, 100, and 200 km for the low-, medium-, and high-
cost scenarios, respectively. Transport cost data was pulled from Logistics UK74, assumed 
to be £1.31/km and assuming an arctic lorry has a 28t capacity bringing costs to 
£0.047/km/t of rock. 

Deployment scale (2030 and 2050)  DACCS: Starting capacity is an ERM assumption of 0.7 Mtpa for liquid DACCS, 0.3 Mtpa for 
solid DACCS, 2050 capacity from the IEA World Energy Outlook (2024)75. 
BECCS Power and EfW: 2030 and 2050 capacity from IEA World Energy Outlook (2024). 
BECCS FT: Utilises estimated FT fuel production (Michaga et al., 2022) of 1.91 t/h, assuming 
this as the plant capacity and assuming that 4.55 tCO2 goes into 1 t of FT fuels (Singh et al., 
2022)76 to determine the scale of CO2 capture at one FT plant. Using the IEA World Energy 
Outlook (2024) pledged emissions reductions for biofuels production, the number of plants 
globally is estimated. This is used to determine the 2050:2030 capacity ratio, learning rate, 
and ultimately cost reduction.  
ERW:  Kantzas et al. (2022) 77 
Biochar: Plant level capacity assumption from Saharudin et al (2024)78. 

 
ERM utilised internal assumptions for the weighted average cost of capital (WACC) for all GGR methods. In the low-cost 
scenario, a WACC of 10% was used for 2030 and 6% for 2050. In the medium cost scenario, a WACC of 13% and 8% was used for 
2030 and 2050, respectively. For the high-cost scenario, a WACC of 15% and 10% was used for 2030 and 2050, respectively.  
 
 
Table 5. CO2 capture by GGR method. 

GGR type Approach  
BECCS Power Analysis considers biomass input (considering Mersey Bioenergy's 20MW, Chilton Biomass 

Energy Centre's 17.5 MW, Templeborough Biomass Power's 41 MW as reference plants for 
different scenarios), as well as BECCS power perfomance data based on Saharudin et al., 202379,  
Ember Energy’s 2023 data for Drax80 and AECOM, 202281. 

BECCS EfW Analysis based on AECOM (202282 advanced amine data) and Tolvik Consulting, 202583. 
BECCS FT CO2 generation is based on Michaga et al., 202284 and AECOM, 2022. 
DACCS CO2 removal is estimated by assuming 1000 kt CO2 /year capacity plant with a 90% availability 

accounting for shutdown and maintenance time (ERM assumption). 
Biochar Biomass demand is based on Puro.earth (2022)85, 10C scenario for 2030 and 15C scenario for 

2050. 

                                                       
74 Logistics UK. (2019). Manager’s Guide to Distribution Costs – Sample. Available at: 
https://logistics.org.uk/CMSPages/GetFile.aspx?guid=c0505fc1-baa2-4766-ae4d-b85e8ade3e74&lang=en-GB 
75 IEA. (2024). World Energy Outlook. Available at: https://iea.blob.core.windows.net/assets/140a0470-5b90-4922-a0e9-
838b3ac6918c/WorldEnergyOutlook2024.pdf 
76 Singh, H., Li, C.,Cheng, P., et al. (2022). A critical review of technologies, costs, and projects for production of carbon-neutral liquid e-fuels 
from hydrogen and captured CO2. Energy Advances. Doi: 10.1039/D2YA00173J 
77 See note 4242. 
78 See note 6464. 
79 See note 6464. 
80 Ember Energy. (2024). The largest emitters in the UK: annual review. Available at: https://ember-energy.org/latest-insights/the-largest-
emitters-in-the-uk-annual-review/. 
81 See note 3333. 
82 See note 3333. 
83 Tolvik Consulting. (2024). UK Energy from Waste Statistics – 2024. Available at: https://www.tolvik.com/published-reports/view/uk-energy-
from-waste-statistics-2024/. 
84 See note 4444. 
85 Puro.earth. Puro Standard Biochar Methodology. Available at: https://7518557.fs1.hubspotusercontent-
na1.net/hubfs/7518557/Supplier%20Documents/Puro.earth%20Biochar%20Methodology.pdf.  
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ERW CO2 captured over 10 years is sourced from Rinder and von Hagke (2022)86. Cost analysis also 
considers energy required for grinding, assuming different levels of particular granularly across 
the medium-cost scenario (where the smallest particle size is assumed) and high-cost scenario 
(where the largest particle size is used). 

 
 
Table 6. DACCS cost updates considering two types of DACCS technology and assumptions in Section 2.  

Parameter Units DAC - Liquid Solvent DAC - Solid Sorbent 

Plant Capacity kt CO2/year 1000 1000 

Plant Maturity FOAK/NOAK FOAK (2030) NOAK (2050) FOAK (2030) NOAK (2050) 

Energy Demand Hybrid/Electric Hybrid Electric Electric Electric 

Base CAPEX £/t atm CO2 captured and stored 73 40 - 63  
(54) 

137 36 - 82  
(55) 

Financing £/t atm CO2 captured and stored 128 - 209 (167) 38 -110  
(73) 

185 - 301 (241) 35 - 144  
(74) 

Non-fuel OPEX £/t atm CO2 captured and stored 53 30 198 94 

Fuel £/t atm CO2 captured and stored 21 - 153 
(76) 

17 - 118 
(63) 

67 - 117 
(89) 

49 - 84 
(65) 

CO2 Transport and 
Storage 

£/t atm CO2 captured and stored 40 - 70 
(55) 

40 - 70 
(55) 

40 - 70  
(55) 

40 - 70 
(55) 

MRV £/t atm CO2 captured and stored 10 - 20  
(15) 

5 - 15 
(10) 

10 - 20  
(15) 

5 - 15 
(10) 

Estimated CO2 
removed (at plant) 

kt CO2 captured/year 900 900 900 900 

Total cost (2025) £/t atm CO2 captured and stored 325 - 578 (440)  169 - 405  
(284) 

636 - 842 
(735) 

259 - 489 
(353) 

 
 
Table 7. BECCS cost updates considering three types of BECCS technology and assumptions in Section 2. 

Parameter Units BECCS Power BECCS EfW BECCS FT 

Plant Capacity 
(before CCS) 

MW (Power and EfW), kt FT 
fuel/year (FT) 

200 25 14.2 

Plant 
Maturity 

FOAK/NOAK FOAK (2030) NOAK (2050) FOAK (2030) NOAK (2050) FOAK (2030) NOAK (2050) 

Plant Lifetime years 25 25 25 

Base CAPEX £/t CO2 captured 18 14 - 18 (16) 35 28 - 34 (31) 9 8 - 9 (9) 

Financing £/t CO2 captured 31 - 53 (41) 13 - 31 (21) 62 - 102 (82) 27 - 59 (41) 16 - 26 (21) 8 - 16 (12) 

Non-power 
OPEX 

£/t CO2 captured 7 - 8 (7) 7 - 8 (7) 57 57 26 26 

                                                       
86 Rinder, T. and C. von Hagke. (2022). The influence of particle size on the potential of enhanced basalt weathering for carbon dioxide removal 
- Insights from a regional assessment. Journal of Cleaner Production. Doi: 10.1016/j.jclepro.2021.128178 
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Lost revenue £/t CO2 captured 4 - 9 (6) 4 - 9 (6) 11 - 23 (14) 11 - 23 (14) - - 

CO2 
Transport and 

Storage 

£/t CO2 captured 45 - 110 (70) 45 - 110 (70) 45 - 110 (70) 45 - 110 (70) 45 - 110 (70) 45 - 110 (70) 

MRV £/t CO2 captured 10 - 20 (15) 5 - 15 (10) 10 - 20 (15) 5 - 15 (10) 10 - 20 (15) 5 - 15 (10) 

Estimated 
CO2 removed 

(at plant) 

kt CO2 captured/year 2635 - 2274 
(2491) 

2635 - 2274 
(2491) 

316 316 76 76 

Total cost 
(2025) 

£/t atm CO2 captured and 
stored 

114 - 218 (157) 88 - 190 (130) 221 - 347 (273) 173 - 298 (223) 106 - 192 (141) 93 - 176 (127) 

 
Table 8. ERW cost updates considering ERW technology and assumptions in Section 2. 

Parameter Units ERW 

Particle size microns 10 - 100 (1) 

Plant Maturity FOAK/NOAK FOAK (2030) NOAK (2050) 

Plant Lifetime years 50 

Base CAPEX £/t CO2 captured 1 - 2 (0.4) 1 - 2 (0.4) 

Financing £/t CO2 captured 2 - 10 (1) 2 - 10 (1) 

OPEX £/t CO2 captured 248 - 601 (338) 240 - 597 (321) 

MRV £/t CO2 captured 100 – 250 (148) 20 - 60 (42) 

Estimated CO2 removed (at 
plant) 

kt CO2 captured/year 28.7- 8.4 (52.1) 28.7 – 8.4(52.1) 

Total cost (2025) £/t atm CO2 captured 350 - 864 (487) 262 - 670 (365) 

 
Table 9. Biochar cost updates considering Biochar technology and assumptions in Section 2. 

Parameter Units Biochar - Perennial Crops Biochar - Household waste Biochar - Wood waste 

Plant Capacity t biomass/day 35 35 35 

Plant Maturity FOAK/NOAK FOAK (2030) NOAK (2050) FOAK (2030) NOAK (2050) FOAK (2030) NOAK (2050) 

Plant Lifetime years 25 25 25 

Base CAPEX £/t CO2 captured 10 - 12 (11) 6 - 7 (7) 5 - 6 (6) 3 - 4 (3) 8 - 9 (8) 5 - 5 (5) 

Financing £/t CO2 captured 18 - 35 (25) 6 - 13 (9) 9 - 18 (13) 3 - 7 (5) 13 - 26 (19) 4 - 10 (7) 

OPEX £/t CO2 captured 938 - 1101 
(997) 

990 - 1175 
(1056) 

-1 - -1 (-1) -6 - -6 (-6) 122 - 144 
(130) 

125 - 149 
(133) 

Sale of biochar £/t CO2 captured 0 - 0 (0) 0 - 0 (0) 0 - 0 (0) 0 - 0 (0) 0 - 0 (0) 0 - 0 (0) 

Sale of co-products £/t CO2 captured 0 - 0 (0) 0 - -1 (0) 0 - 0 (0) 0 - 0 (0) -1 - -1 (-1) -1 - -1 (-1) 
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MRV £/t CO2 captured 7 - 23 (15) 5 - 16 (11) 7 - 23 (15) 5 - 16 (11) 7 - 23 (15) 5 - 16 (11) 

Estimated CO2 removed (at 
plant) 

kt CO2 captured/year 13 - 11 (12) 12 - 10 (12) 30 - 25 (28) 28 - 23 (26) 16 - 14 (15) 15 - 13 (14) 

Total cost  £/t atm CO2 captured 
and stored 

974 - 1171 
(1048) 

1007 - 1210 
(1082) 

20 - 46 (32) 5 - 20 (12) 150 - 201 
(172) 

138 - 179 
(155) 

 
 
 
 


