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Corporate climate commitments 
& carbon credit demand

• Database of over 5,000 corporate climate 
commitments: SBTs, Net Zero, Carbon Neutral

• Historic & forecast emissions: Scope 1, 2, and 3

• Voluntary carbon credit demand forecasts

Carbon credit prices 

• Weekly / monthly prices by transaction type

• Price tracking across indices, project types, 
vintage year, standard, and additional attributes 

• Compliance markets price tracking

Policy landscape

• Guidance for corporates on setting carbon 
emission, Net Zero and Carbon Neutral targets

• Mapping of 160+ organisations influencing 
corporate climate commitments 

Carbon credit projects 
& transactions

• Historic issuances by type, vintage, standard

• Performance metrics

• Compliance eligibility

• Issuance forecasts 

Forecasting

• Short-, medium- and long-term voluntary 
carbon credit price scenarios

• Issuance forecasts

• Carbon credit demand forecasts

• Forecasts for reduction and removal credits
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Key insights
Key insights

This report presents Trove’s updated carbon credit price scenarios until 2050. It includes major updates on our demand projections, willingness to pay estimates, and 
enhancements and updates to our long-term fundamental model for carbon credit supply.  Main highlights are:

• Our high price scenarios have increased due to the addition of new sources of potential demand (sovereign and compliance).  New sources of supply have been added to the 
supply model (cookstoves, mangroves, biochar, soil carbon) but these are not sufficient to outweigh assumptions on the demand side. Demand could grow from 190 
MtCO2e/yr today to over 4,000-8,000 MtCO2e/yr by 2050 (assuming organisations follow through on their commitments).

• The inclusion of forward hedging increases visible demand for credits in the shorter term, and lifts prices around 2030. 

• The range of future prices are now $31-$71/tCO2e for removal credits and $22-$51/tCO2e for reduction credits by 2050 ($2022 prices).

• Significant spreads in prices are likely to persist, especially for REDD+ as a reduction type of credit, which has seen a 62% premium to the average reduction credit for the first 
three quarters of 2022. 

• Spreads for removal credits are based around nature-based project types, with the exception of biochar credits which trade at nearly ten times the average price of nature-
based credits, albeit it very low volumes. We expect this premium for biochar to reduce considerably as competition increases and standards for biochar projects are tightened. 

Qualifications

• The scenarios in this report are based on the core assumption that companies and governments follow through on their climate commitments.  The application of a Maximum 
Willingness to Pay for credits, creates a ceiling on prices in the long run, but the size of potential demand is dependent on the strength of corporate commitment.
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Introduction
1. Introduction & Methodology

This report presents Trove Research’s updated long term price scenarios for global carbon credit market to 2050. The report updates the first version published in July 2022.  The 
core model builds on three proprietary Trove models: our long-term fundamental model for Carbon Credit Supply (updated for this report), our existing carbon credit supply 
projections model (updated at end of 3Q22 – see here) and our carbon credit demand forecast model (updated end of 3Q22 – see here).

The carbon credit market includes the use of carbon credits for both voluntary and compliance purposes. Compliance regimes include state and national schemes such as, 
California and South Korea, and CORSIA (the Carbon Offsetting and Reduction Scheme for International Aviation). Voluntary use refers to the retirement of carbon credits to offset 
some or all of an organisation's carbon emissions. 

Scenarios

The price curves are presented as “scenarios” rather than forecasts (pages 8 and 9). The scenarios present collective assumptions about the many (uncertain) factors that could 
affect the supply and demand for carbon credits. Two scenarios are presented for carbon credit demand and two for supply, effectively representing drivers that will act to 
increase or decrease credit prices. 

Demand scenarios are generated from Trove Research modelling of future credit demand from net zero commitments (SBTi aligned and non-SBTi aligned), CORSIA, a wide range 
of companies with carbon neutral claims, sovereign demand, and compliance schemes. Supply scenarios reflect the stringency of governance systems affecting how carbon credits 
are generated, as well as the fundamentals of project availability and project cost.

• Demand:

• High: A concerted effort is made by the corporate sector to tackle climate change with companies following through on their pledges and net zero targets, resulting in a 
high demand and high willingness to pay for carbon credits. 

• Low: Global demand for carbon credits is subdued with lower willingness to pay, reflecting a range of down-side drivers.

• Supply:

• Tight: Efforts to restrict supply of low-quality credits are successful (for example via efforts of registries and the IC-VCM), resulting in a lower volume of higher quality and 
more expensive credits coming to market. 

• Loose: A broader range of project types enter the market. Validation and verification standards are weaker, creating a larger volume of credits, some of which have only 
marginal additionality. 

https://trove-research.com/trove-intelligence-platform/carbon-projects-and-transactions/projected-issuances-from-registered-pipeline-projects/
https://trove-research.com/trove-intelligence-platform/corporate-climate-commitments/global-credit-demand-forecasts/
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Key model updates since Q2 price scenarios
1. Introduction & Methodology

Policy / scenarios Demand projections

Volumetric projections
1. Addition of new sources of potential 

demand: 
a) 10 countries (sovereign)1

b) Compliance (e.g. from cap and 
tax/trade schemes)

2. Inclusion of “purchase demand” in addition 
to “retirement” demand (see “model 
architecture)

Supply projections

Willingness to Pay estimates
1. Sectoral definitions updated to Trove’s 

industry classification. Previously used 
NACE Rev. 2 sector definitions.

2. New quantitative research undertaken in 
collaboration with the University of 
Edinburgh. Actual data on corporate 
philanthropy donations used as a proxy 
for corporates’ discretionary climate 
related expenditure limits. Combined 
with emissions data to give Max WTP 
estimates for carbon credits by company.

1. Re-labelling of carbon 
credit supply scenarios 
from “Low/High quality” to 
“Loose/Tight supply” to 
reflect the combined 
impact of quality and 
policy drivers.

New technology sectors
1. Addition of new sources of potential 

demand: 
• Cookstoves
• Mangroves
• Biochar
• Soil carbon

REDD+ modelling
1. New methodology for calculating baseline 

deforestation rates based on 
environmental and socio-economic 
parameters (see p. 26).   

Economic assumptions
1. Updated opportunity costs for estimating 

land values. Agricultural productivity 
constrained by FAO data on national 
output.

2. REDD costs now include location-
dependent revenue from timber 
extraction.

Model architecture

1. Inclusion of annual supply and 
demand curves to derive 
annual price equilibria. 
Previously used decadal 
curves.

2. Addition of “purchase" 
demand as well as retirement 
demand. Purchase demand 
takes into account the hedging 
ahead of the year in which 
retirement occurs.

1Japan, Germany, South Korea, United Kingdom, Netherlands, Norway, New Zealand, Sweden, Switzerland, Luxembourg, Australia
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Trove demand and supply scenarios – overview
1. Introduction & Methodology

Trove modelling creates independent scenarios to illustrate how the demand and supply for carbon credits may evolve. 
Whilst there is some correlation between factors that will affect demand and supply – e.g., strong social pressure for 
corporate climate action may also drive higher quality standards for carbon credit creation – there are sufficient 
differences to justify creating independent scenarios. The intersections of the two demand and two supply scenarios 
creates four price scenarios.

Demand and supply scenarios are further broken down into curves for removal and reduction types credits up to 2050. 
The demand for removal credits will trade at a premium to reduction credits, due to the relative scarcity of removal 
credits. There are many more ways emissions can be avoided/reduced than sequestered from the atmosphere. In this 
modelling we do not model price curves for different types of reduction or removal credits, but REDD+ is expected to 
trade a premium to other types of reduction credits 

The price scenarios are not probability-weighted – i.e., they present states of the world that have an equal likelihood of 
occurring. Because of the large uncertainties the scenarios are best used for stress-testing strategies rather than seen 
as representing particular price outcomes.

Demand scenarios

The demand for carbon credits from the corporate sector could vary significantly, both in terms of volume and 
willingness-to-pay. We model the demand from each sector, with assumptions on the maximum willingness-to-pay, 
with key assumptions set out on the following pages. A PEST (Political, Economic, Social, Technical) framework is used 
to structure the drivers of corporate demand.

Supply scenarios

The geospatial-economic model defines the theoretical potential and associated costs of delivering emission reduction 
from projects that could be eligible in the voluntary carbon market. However, availability of credits supply is likely to be 
as much defined by the methodologies and accounting systems as fundamentals. The supply curves are built on our 
long term fundamental geospatial-economic model, but the scenarios also reflect different assumptions on the degree 
to which rigorous quality standards are set and enforced.

Carbon credit supply & demand scenarios
(reduction/removal) until 2050

Credit supply (MtCO2e/yr)

$/tCO2e
Tight supply

Loose supply

Demand - high

Demand - low
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Trove demand and supply scenarios – in depth
1. Introduction & Methodology

CARBON CREDIT DEMAND

Carbon market dynamics Political / Regulatory Economic Social Technical

High 
Demand

Stronger governance around the 
creation and use of carbon credits drives 
greater confidence in the use of carbon 
offsets. Companies start to face higher 
costs of internal abatement driving need 
for lower cost emission reductions 
outside supply chains. 

Liberal democracies dominate in global 
economy. International cooperation 
remains strong, supporting coordinated 
national action on climate change. 
Climate regulations are implemented on 
corporates but not to the extent that 
voluntary action is crowded out. Financial 
regulators tighten rules on disclosures. 

Global economic growth 
continues along patterns seen 
in last 30-40 years. 
International trade and 
interdependency foster 
cooperative approaches to 
global problems.

Societal pressure for 
corporate action 
remains strong, 
supported by growing 
young/informed 
generation. 

Climate change evidence mounts, 
scientists continue to sound the 
alarms. Technology and systems to 
monitor emissions (e.g., scope 3) 
and natural resources become more 
widespread enabling more accurate 
assessment of corporate activity. 

Low 
demand

Concerns over “greenwashing” and use 
of carbon credits undermine market 
confidence. Corporate action on climate 
reverts to internal abatement rather 
than use of offsets. 

Geo-political tensions mount between 
super-powers with growth of nationalism 
and protectionism. “Make at home” 
policies reduce appetite for international 
cooperation on climate change.

Long term economic growth 
falters. Contraction in global 
trade drives persistent inflation 
as benefits of international 
trade replaced by most costly 
domestic production. 

Climate fatigue sets 
in. Growing evidence 
of climate change 
creates climate 
fatalism and “live for 
today” mindset.

Low carbon technology 
development focusses on publicly-
backed infrastructure development, 
reducing scope for voluntary 
corporate action through smaller 
projects. 

CARBON CREDIT SUPPLY

Supply fundamentals Quality standards Article 6 accounting approaches

Tight 
supply

The Trove geospatial-economic model is used for both the high 
and low quality scenarios. This defines the availability of land 
globally that could be used to supply the nature-based carbon 
credit market, both REDD+ and afforestation, as well as key 
other reduction/avoidance project types such as renewable 
energy in LDCs. The model builds in long term drivers of land-
use including food price projections, agricultural productivity 
and climatic effects.

Significant improvements are implemented in the governance 
processes for carbon credit generation. The IC-VCM introduces 
meaningful changes that filter through to Verra, Gold Standard 
and the other registries. Baselines are tightened up and vintage 
controls brought in. The result is lower supply and higher costs of 
undertaking projects.

Strict interpretation of the need for 
Corresponding Adjustments for voluntary 
carbon market transactions. Host countries 
implement registries to track projects and 
require export controls and /or taxes to limit 
the supplies to the voluntary market.

Loose 
supply

The current processes continue, allowing a range of project types 
to enter the market. Validation and verification standards are 
weak, allowing dubious baselines and creating material volumes 
of credits of marginal additionality.

Few export controls from host countries and 
no activation of measures for Corresponding 
Adjustments. Voluntary carbon market free to 
create and use carbon credits in any country.
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Summary model architecture 1. Introduction & Methodology

Carbon credit demand
(reductions & removals)

Carbon credit supply
(registered & pipeline)

“Max Willingness to Pay” for carbon 
credits by sector (reductions & 

removals)

MtCO2/yr

$/tCO2
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High
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Global geospatial / economic model 
(reductions & removals)

Clearing prices (2030 /2050)

Supply curves(2030 /2050)

Price curves – all scenarios
(reductions & removals)

$/tCO2e

2020 20502030 2040

The pricing scenarios build on Trove’s supply, demand and geospatial economic models to create four price curves.

Price curves

Price curves are created from clearing prices calculated in 2030 
and 2050, discounting back to 2022 at the cost of capital. This 

approach assumes long term market foresight.
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See separate Trove report here

See separate Trove report here

See new Trove report here
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https://trove-research.com/trove-intelligence-platform/corporate-climate-commitments/global-credit-demand-forecasts/
https://trove-research.com/trove-intelligence-platform/corporate-climate-commitments/global-credit-demand-forecasts/
https://trove-research.com/trove-intelligence-platform/carbon-projects-and-transactions/projected-issuances-from-registered-pipeline-projects/
https://trove-research.com/trove-intelligence-platform/carbon-projects-and-transactions/projected-issuances-from-registered-pipeline-projects/
https://trove-research.com/trove-intelligence-platform/voluntary-carbon-market-forecasts/reports-commentary/
https://trove-research.com/trove-intelligence-platform/voluntary-carbon-market-forecasts/reports-commentary/
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Summary model architecture 1. Introduction & Methodology

Demand sectors

Net Zero (SBTi)

Net Zero (self-declared)

CORSIA

Carbon Neutrality claims

Compliance

Sovereign

Supply sectors

Forest restoration

REDD+

Biochar

Mangrove restoration

Bioenergy with CCS

CCS

Clean cooking

RE in LDCs

New sectors 
added in in 
this Q3 
report

The Trove model now includes six potential sources of demand for voluntary carbon credits, and nine sources of supply.    The inclusion of these sectors adds to the accuracy of 
the model scenarios.

Soil carbon



2. Demand forecast
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Six major sources of credit demand
2. Demand forecast

1. CORSIA = Carbon Offsetting and Reduction Scheme for International Aviation, the global scheme setup by the International Civil Aviation Organization (ICAO).
2. NDCs = Nationally Determined Contributions, defines a country’s climate action plan to reduce emissions under the Paris Agreement.

The Trove Research demand forecasting model is now based around six pillars, with assumptions for low, medium and high demand scenarios. The individual pillars are then 
combined to give total carbon credit demand. These scenario variations involve flexing the key assumptions underpinning each pillar. Demand projections are updated every 
quarter and can be found on the Trove Intelligence platform here. 

Demand from companies that have already committed to net zero targets under the Science-Based Targets Initiative (SBTi). These firms have committed to 
(i) reducing all possible emissions, and (ii) offsetting any residual emissions with carbon removal credits. It is this future offset demand that drives this pillar 
of our demand forecast.

Net Zero 
(SBTi)

Demand from companies that have pledged net zero emissions, but not made their pledge subject to the SBTi standard. This demand pillar is currently 
focused on the major oil & gas companies that have made net zero pledges. These will be achieved through a shift away from fossil fuels towards 
renewables, and the purchase of carbon offsets. It is this future offset demand that drives this pillar of our forecast.

Net Zero 
(self-declared)

Airlines that are part of the CORSIA scheme have collectively committed to offset all their emission growth from international air travel over their 2019 
emission baseline during the initial phases (2021-2027), and then 85% of this baseline from 2027-2035. Under the current agreement, CORSIA will end in 
2035 – however, we assume that the scheme is renewed thereafter with the same eligibility rules and baseline. 

CORSIA1

Demand from companies which claim carbon neutrality (across their value chain or for specific products), achieved by retiring credits equal to their 
emissions. This pillar makes up the majority of current demand, and is expected to continue to do so until the mid-2030s. Demand from this pillar declines 
in latter years due to: (i) falling emissions as companies decarbonise, and (ii) companies moving into our net zero pillars. 

Carbon Neutrality

Compliance
There are currently 49 emissions trading schemes (ETS) (plus some tax-and-trade schemes) in place or planned around the world. Companies subject to 
these schemes must obtain allowances (or pay taxes) equal to their emissions. In some schemes, companies may purchase credits
to offset a portion of their emissions thereby reducing the allowances (taxes) due. This presents another potential source of credit demand. 

Corresponding 
Adjustment (CA) 
not be required

Sovereign
Sovereign demand assumes that some countries will use carbon credits to help achieve their NDCs2, or in some cases go beyond their NDCs. Our scenarios 
assume different amounts of a country’s shortfall in 2030 emission reductions are met with credits. We assume this demand remains constant after 2030.

Corresponding 
Adjustment (CA) 

likely to be 
required

https://trove-research.com/trove-intelligence-platform/corporate-climate-commitments/global-credit-demand-forecasts/
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The credit demand projections used in the modelling are taken from Trove’s most recent 3Q22 demand forecast report here. These scenarios represent different assumptions about 
how the demand for carbon credits may evolve1. They are purely volumetric scenarios and do not take account of the willingness to pay by buyers. The effect of willingness to pay 
for carbon credits is described later in this section.  They also assume companies follow through on their climate commitments.

 -

 1,000

 2,000

 3,000

 4,000

 5,000

 6,000

 7,000

 8,000

 9,000

2020 2025 2030 2035 2040 2045 2050
 -

 1,000

 2,000

 3,000

 4,000

 5,000

 6,000

 7,000

 8,000

 9,000

2020 2025 2030 2035 2040 2045 2050

Will require a Corresponding Adjustment

Retirement demand scenarios for 2050 – by source
2. Demand forecast

4. Carbon credit demand forecasts

Medium demand scenario (MtCO2e/yr) High demand scenario MtCO2e/yr)Low demand scenario (MtCO2e/yr)

Medium scenario (i.e., median)
• 6,168 MtCO2e of demand in 2050 comes from:

• 38% from SBTi net zero companies,
• 32% from self-declared net zero firms,
• 17% from firms claiming carbon neutrality,
• 8% from airlines under CORSIA,
• 3% from firms in compliance markets, and
• 3% from sovereigns.

• These last three – with 843 MtCO2e of demand in 2050 -
will require corresponding adjustments. 

Low scenario (i.e., 5th percentile)
• 4,133 MtCO2e of demand in 2050 comes from:

• 33% from SBTi net zero companies,
• 41% from self-declared net zero firms,
• 17% from firms claiming carbon neutrality,
• 6% from airlines under CORSIA,
• 1% from firms in compliance markets, and
• 2% from sovereigns

• These last three – with 359 MtCO2e of demand in 
2050 - will require corresponding adjustments. 

High scenario (i.e., 95th percentile)
• 8,428 MtCO2e of demand in 2050 comes from:

• 39% from SBTi net zero companies,
• 27% from self-declared net zero firms, 
• 16% from firms claiming carbon neutrality,
• 9% from airlines under CORSIA,
• 5% from firms in compliance markets, and
• 4% from sovereigns.

• These last three – with 1,481 MtCO2e of demand in 
2050 - will require corresponding adjustments. 
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1. voluntary credits are cancelled rather than retired for use in some compliance schemes (e.g., California) – for simplicity in this report we refer to both processes as ‘retirements’.

https://trove-research.com/trove-intelligence-platform/corporate-climate-commitments/global-credit-demand-forecasts/
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Retirement demand scenarios for 2050 – reductions vs removals

Our demand forecasts are also separated into “removal” and “reduction” credits. Reduction credits reduce greenhouse gases released into the atmosphere. Project types include 
renewable energy, energy efficiency, REDD+, and carbon capture and storage (CCS). These account for most of the credits issued to date. Removal credits are those that remove 
greenhouse gases from the atmosphere. The most common project types involve growing new vegetation such as forest restoration. These are likely to remain more cost effective 
than emerging technologies such as direct air capture, biochar and bioenergy with CCS.

The modelling assumes that 100% of SBTi net zero target demand are for removals, demand for non-SBTi credits (i.e. self-declared net-zero) is split 50:50 between reduction and 
removals, 90% demand for carbon credits under carbon neutral claims are for reductions, and 100% of demand under CORSIA is for reductions. We assume that sovereign demand 
and demand from compliance markets is split 50:50 between reduction and removals.

2. Demand forecast
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Forecasting credit purchase vs retirement demand

• The prior sections of this report, and all Trove’s 
forecasting of credit demand to date, has focused on 
projections of when credit retirements (or 
cancellations for compliance purposes) will be 
required for offsetting. 

• There is, however, no requirement on buyers to 
retire credits immediately upon purchase. 

• Many buyers may, therefore, look to purchase their 
credits in advance of their planned retirement year, 
especially as credit prices are expected to rise over 
time. 

• Trove has analysed 70 corporate buyers of credits 
that have disclosed both when they purchased and 
they retired their credits. 

• These buyers have typically retired around a quarter 
to one third of the credits they buy in their year of 
purchase. They purchased another third the year 
before retirement, and another quarter two years in 
advance, with a handful purchased even further in 
advance. 

• Trove has applied these assumptions more broadly, 
to all pillars of demand, to produce global credit 
purchase demand scenarios, and Trove’s price 
scenarios.

We estimate around three quarters of credits will be purchased in the years before their retirement year.

2. Demand forecast

5% 10%

25%
33%

27%

0%

20%

40%

60%

80%

100%

4y before 3y before 2y before 1y before Retirement year

Purchase demand Retirement demand

Credits purchased increasingly far in advance of retirement year

100%

Proportion of credits assumed to be purchased in each year ahead of retirement
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Credit purchase demand – global forecast – by reduction/removal

• Near-term demand to purchase credits is 
driven largely by carbon neutral claims – we 
assume 90% of these are reduction credits. 

• As a result 64% of total retirement demand in 
2030 is for reductions credits (vs. 36% 
removals) in the medium scenario.

• Demand to purchase removals kicks in much 
more strongly post-2040 as more companies 
near their net zero ambitions. 

• Removal purchase demand exceeds 
reductions around 2040 (earlier than in the 
retirement demand forecast), and represents 
58% of total purchase demand by 2050 (vs. 
42% reductions) in the medium scenario.

• This results in yearly demand to purchase 
reduction credits of some 1,163 MtCO2e by 
2030, 2,232 MtCO2e by 2040 and 2,561 
MtCO2e by 2050 in our medium scenario.

• And yearly demand to purchase removal 
credits of some 650 MtCO2e by 2030, 2,265 
MtCO2e by 2040 and 3,608 MtCO2e by 2050 in 
our medium scenario.

2. Demand forecast
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Maximum Willingness to Pay (MWTP) for carbon credits – overview

Demand Source MWTP assessment MWTP method

SBTi Net Zero Medium to high – visible commitment Company/sector model

Oil & Gas Net Zero
Low to Medium – high profitability firms but large 
carbon footprints

Company/sector model

Carbon neutral Low – weak long term obligations Company/sector model

CORSIA Very high – compliance scheme Sector estimate

Compliance
Low to high – wide range between developed and 
developing ETSs 

Sector estimate

Sovereign Low – driven by value for money for taxpayers Sector estimate

Summary of MWTP modelling method by demand source

We use the same structure as our Q2 report that differentiates MWTP estimates by demand source.  For SBTI net zero, Oil & Gas net zero and Carbon neutral the MWTP estimates 
are calculated using a company/sector model which is developed from the empirical research analysis recently conducted in collaboration with the University of Edinburgh, as 
described in the following slide. CORSIA, Compliance and Sovereign MWTP estimates are based on assumptions that derive from each sectors’ characteristics.

2. Demand forecast

For each demand source we calculate four 
potential MWTP estimates (See Appendix A):

Reduction credits:    Low / High

Removal credits: Low / High
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Maximum Willingness to Pay (MWTP) for carbon credits –
company/sector model

2. Demand forecast

Q2 2022 MWTP analysis & assumptions Q3 2022 MWTP analysis & assumptions Analysis results & assumptions used in this report

In the previous model we estimated MWTP for 
carbon credits at the sectoral level based on a 
relative framework taking into account:

(i) Brand value – BtC firms having higher MWTP.

(ii) Carbon intensity – carbon intensive firms have 
greater costs to cover their emissions footprint 
and hence lower WTP 

(iii) Profitability - more profitable firms have larger 
discretionary budgets and higher WTP

We estimated the MWTP for each industry sector 
based on these general patterns together with 
anecdotal information from the market. These 
assumptions were cross-referenced with implied 
elasticities of demand for carbon credits from past 
pricing data.

• Corporates’ appetite to purchase carbon credits is 
constrained by their priorities and budgets. As a 
result, our MWTP analysis has been updated based 
on research recently undertaken in collaboration 
with the University of Edinburgh. 

• Philanthropic donations over the past ten years of 
companies listed in main global indices (comprising 
c.2,300 companies), were used as a proxy for 
corporates’ discretionary expenditure and 
combined with profits (EBIT and EBITDA), and 
revenue levels of companies. 

• For each sector a share of donations, profits, and 
revenues is assumed to be put towards voluntary 
climate action. This available capital is compared 
with the companies’ most recent emissions to 
derive estimated ratios of $/tCO2e of maximum 
willingness to pay for carbon credits, aggregated by 
sector and regions.

• Empirically, philanthropic donations are around 
0.5% of EBIT across all companies. In our 3Q22 
modelling we assume companies eventually 
allocate 1% of EBIT to purchasing carbon credits.  

• The 1% of EBIT value is compared with each 
company’s respective Scope 1 and 2 emissions, 
obtaining a MWTP per company.

• These calculations are aggregated at Trove’s 
sector level using median as a central tendency 
measure, deriving MWTP per sector.

• We then adjust sectoral MWTP based on 
assumptions that each sector will use this 
allocated capital to offset only a proportion of 
their Scope 1 and 2. These percentage 
adjustments are based on scaled emissions 
intensity of each sector (See Appendix B - Table 1 
/ Graph 1).

• An adjustment is applied to calculate the low 
and high willingness to pay for reductions and 
removals, based on relative attractiveness of the 
different credit types (See Appendix B – Table 2).

BtC = Business to Consumer
EBIT = Earnings Before Interest and Tax
EBITDA = Earnings Before Interest, Tax, Depreciation and Amortisation 

A more detailed summary of this research 
will be published to Trove subscribers soon.
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Maximum Willingness to pay (MWTP) for carbon credits – by source of 
demand

Demand Source
Low Scenario High Scenario

Reduction Removal Reduction Removal

SBTi Net Zero - 57 - 76

Oil & Gas Net Zero 27 37 37 49

Carbon neutral 21 28 28 37

CORSIA 150 - 200 -

Compliance 30 40 30 40

Sovereign 7.5 7.5 15 15

Summary of MWTP estimates by demand source – median values ($/tCO2e, 2022 prices)

• SBTi firms with validated net zero targets will have high MWTP for 
carbon removals towards the end of their net zero pathway. 

• Oil & gas firms have moderate MWTP due to high public profiles, 
large profits and significant carbon footprints. This subset of the 
fossil fuel sector has a higher MWTP than remaining non SBTi net 
zero demand.

• Companies using credits for carbon neutral claims are assumed to 
have a relatively low MWTP as they often have no long-term 
obligations to achieve carbon neutrality status on a regular basis.

• Generally, CORSIA will have highest MWTP due to it being an 
industry-wide and global compliance scheme.  

• MWTP for credits under compliance schemes varies depending on 
the maturity of the scheme and how developed the host economy 
is – the more mature schemes are assumed to have a higher MWTP. 

• Sovereign MWTP is assumed to be very low given the spending 
budget to buy carbon credits to meet NDCs will be primarily driven 
by value for money for taxpayers. 

MWTP estimates in the table below are medians for each demand source except CORSIA and sovereign demand (see Appendix A for a more detailed breakdown and comparison 
with Q2 2022 estimates).

2. Demand forecast

Key assumptions
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Maximum Willingness to Pay (MWTP) for carbon credits – by sector

1. Although fossil fuel companies are not part of SBTI net zero commitments they are shown on this chart for completeness

Financial Services

Power Generation

Transportation 
Services

Fossil Fuel

Biotech, 
health care 
& pharma

Infrastructure

Materials

Manufacturing

• Position of the bubble shows each sector’s 10 year 
median EBIT (x-axis) and median Scope 1 and 2 emissions 
(y-axis – log scale). 

• Size of the bubble and number shows the maximum 
willingness to pay for removal credits in our high demand 
scenario.

• The maximum willingness to pay differs between sectors, 
and is highest among low emitters such as Financial 
Services and Services (biggest bubbles are positioned at 
the bottom half of the graph as these sectors have low 
emissions).

• High emitting sectors, Fossil Fuel, Power Generation, and 
Transportation sit at the top half of the graph. Even 
though they are very high profitable sectors, the 
calculated maximum willingness to low because of the 
large carbon footprints. 

The chart below shows the calculated MWTP for SBTI companies for removal credits in the high demand scenario. Appendix A shows our MWTP estimates for both low and high 
demand scenarios and for reduction and removal credits for each demand source and Trove sector.

EBIT = Earnings Before Interest and Tax

2. Demand forecast

MWTP for SBTi sectors for removals credits in the high demand scenario based on 1% EBIT  
($/tCO2e)
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Maximum Willingness to Pay (MWTP) - demand curves for reduction
credits 

2. Demand forecast

2030 – High demand ($/tCO2e, 2022 prices) 2050 – High demand ($/tCO2e, 2022 prices)

• We assume airlines under CORSIA only 
demand reduction credits, but would be 
willing to pay relatively high prices for these 
due the compliance nature of their use.

• The high demand curve assumes increased 
demand from compliance markets with a 
relatively high MWTP set by their respective 
compliance fees.

• High demand is extended by firms and 
countries with comparatively low MWTP. This 
may include for example, fossil fuel cargos 
which have significant carbon footprints and 
limited ability to pass on the costs of carbon 
credit purchases.

The main source of demand are companies making carbon neutral claims covering all sectors of the economy, including aviation and oil & gas.

2050 – Low demand ($/tCO2e, 2022 prices)2030 – Low demand ($/tCO2e, 2022 prices)

2Q22 curve

2Q22 curve

2Q22 curve
2Q22 curve
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Maximum Willingness to Pay (MWTP) - demand curves for removal credits 
2. Demand forecast

High demand (2030) ($/tCO2e, 2022 prices) High demand (2050) ($/tCO2e, 2022 prices)

Low demand (2050) ($/tCO2e, 2022 prices)Low demand (2030) ($/tCO2e, 2022 prices)
• The SBTi net zero standard requires 

participating companies to only offset their 
residual emissions using removal credits. SBTi 
net zero companies therefore make up the 
main source of demand for removal credits.

• In the high demand scenario, demand for 
removal credits increases for all sectors. 

• In the near-term, removal demand with 
relatively high MWTP comes from SBTi 
companies and compliance markets. 

• By 2050 SBTi companies are the main source 
of demand together with some oil & gas 
majors who are more focused on removals. 

The main source of demand for removal credits comes from SBTi companies with relatively high MWTP and some oil & gas companies with a moderate MWTP. 

2Q22 curve
2Q22 curve

2Q22 curve

2Q22 curve



3. Projected supply until 2050
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Total credit supply - by year

• In 2021 registered projects across the four 
main registries issued 379 MtCO2e/yr of 
credits. This will likely fall to circa 270 
MtCO2e/yr in 20221. 

• This fall is for a variety of reasons, including 
REDD+ crediting moratoria in some countries. 
In our projections, we assume these political 
restrictions cause temporary ‘bumps’ in 
issuance, but don’t change total supply.

• There are currently 4,000 registered projects, 
with another 2,500 in registry pipelines. Given 
the size of the pipeline, it is highly likely 
issuances will rise over the next 5 years.

• Issuances from registered + pipeline projects 
have a maximum annual supply rate of 840 
MtCO2e. This falls to 399 MtCO2e/yr by 2050.

• In the recrediting + risk adjusted projection, 
issuances peak at 640 MtCO2e/yr in the late 
2020s, before falling to circa 300 MtCO2e/yr in 
2050.

Output from registered and pipeline projects is projected to peak at 640-840 MtCO2e/yr in the late 2020s. This is around 
3.5x of credit demand in 2021. 

3. Projected supply until 2050

Historic 
issuances

Maximum

Recrediting adjusted

Recrediting + issuance 
rate adjusted

Max
Recrediting 

adjusted
Recrediting 

+ risk adjusted

Projects moving from 1st to 
2nd crediting period*

100% 67% 67%

Projects moving from 2nd to 
3rd crediting period*

100% 67% 67%

Proportion of pipeline 
projects being registered

100% 90% 90%

Annual issuance rate 
assumption

From
PDD

From
PDD

Issuance rate 
adjusted1. Trove’s Oct-22 estimate for total 2022 issuances; 2. Credit demand defined as retirements plus cancellations across the four main registries included in the projections

Projected issuances per annum from registered + pipeline projects (MtCO2e)

177

234

379

204
YTD

2701

4Q22 forecast

*0% for Clean Cooking projects in all projections
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Fundamental supply curve for carbon credits
3. Projected supply until 2050

Category Project type Model inputs

Removal Forest restoration
High-resolution gridded reforestable agricultural land
Carbon uptake of reforested land

Gridded value of land based on productivity and 
commodity prices (incl. fish farming revenue for 
mangrove restoration)

Commodity price forecasts to 2050 (23 x 159 
countries) under two scenarios

Project and MVR costs

Reduction / avoidance Avoided deforestation (REDD+)
High-resolution gridded deforestation model; additionality 
constraint of 30% of avoided country emissions available to VCM

Removal Mangrove restoration Spatially explicit mangrove restoration potentials

Removal Soil carbon enhancement
Regional model of 0-30cm soil carbon uptake in agricultural land 
and additionality constraints based on current agricultural 
practice

Operational costs 

Project and MVR costs

Removal Biochar
IPCC technological sequestration potentials combined with 
country-level supply of waste organic material 

Unit costs for both Advanced and Simplistic 
manufacturing methods; country-level 
additionality constraint of a GDP/Capita <$10,000

Removal Bioenergy with CCS (BECCs)
Regional CCS development projections Unit cost calculations

Reduction / avoidance Carbon capture & storage (CCS)

Reduction / avoidance Clean cooking (Cookstoves)
Population density; % of population in extreme poverty per 
country; peer-reviewed emission factors for clean cooking

Unit cost calculations

Reduction / avoidance Renewable Energy in Least Developed Countries. RE potential in LDCs; carbon intensity of alternatives Unit cost calculations

The quantity and price of carbon credits available depends on the scale and cost of the potential opportunities to produce them. A key issue is eligibility of credits for use in the 
global carbon credit market. Many opportunities are ineligible because they are mandated by regulation, are cost effective, or receive financial support from other sources. The 
voluntary carbon market should only include projects that are additional and fall outside any other policy and regulatory regime. The updated and expanded Trove Research model 
captures these constraints on supply opportunities.

Project types and model inputs in Trove Research supply model (end of 3Q22)
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Updated geospatial REDD+ modelling
3. Projected supply until 2050

1Hansen et al. (2013) High-resolution global maps of 21st-century forest cover change. Science. – https://doi.org/10.1126/science.1244693.  2Kothke et al. (2013) Uniform global deforestation patterns – An empirical analysis. Forest Policy and 
Economics. - https://doi.org/10.1016/j.forpol.2013.01.001. 3Spawn et al. (2020) Harmonized global maps of above and belowground biomass carbon density in the year 2010. Sci. Data – https://www.nature.com/articles/s41597-020-0444-4 .  
4FAO and IIASA. Global Agro Ecological Zones version 4 (GAEZ v4). [Date accessed 12/09/2022]  http://www.fao.org/gaez/.  5FAO. Crops and livestock products.[Date accessed 12/09/2022] https://www.fao.org/faostat/en/#data/QCL.  6Sulser, T. 
B. et al. (2014) Beyond a Middle Income Africa: Transforming African Economies for Sustained Growth with Rising Employment and Incomes (ReSAKSS Annual Trends and Outlook Report 2014 (eds. Badiane, O. et al.) Ch. 2 (International Food 
Policy Research Institute (IFPRI)).  7ITTO (2022) Biennial review statistics [Date accessed 14/10/2022] https://www.itto.int/biennal_review/
8Curtis et al. (2018) Classifying drivers of global forest loss. Science - https://doi.org/10.1126/science.aau3445

Overall structure
The calculation of the carbon credit supply from REDD+ projects is calculated for 71 countries that 
already participate in REDD+ with existing projects. The maximum potential for REDD+ is the 
difference between reducing deforestation to zero from 2020 to 2030 (consistent with the New York 
Declaration on ending deforestation by 2030), and business as usual deforestation from 2020 to 2050. 
The difference between a successful REDD+ implementation and a baseline deforestation rate for each 
country is the maximum potential contribution by REDD+.

Previous REDD+ model
The previous REDD model used a population-driven deforestation model based on the empirical 
relationship between a country’s forest cover and its population pressure with regard to the available 
forest area, where deforestation is shown to decline when a country’s population increases. This is due 
to scarcity of material (e.g., wood), which leads to reforesting, and increases in agricultural 
productivity and urbanization.

REDD+ participating countries

New model
The new Trove REDD model simulates business-as-usual deforestation rates between 2020 and 2050 for 1.8m grid cells. A machine learning model is trained to simulate deforestation 
in each country for each decade until 2050 based on observed historical spatial deforestation patterns. 1 Deforestation is determined by topography (slope and elevation), the vicinity 
to population centres and roads, and terms to account for non-linearities in forest cover change (e.g. the Kuznets inverted U-shape curve describing the relationship between forest 
cover and deforestation rates2).  The resulting gridded deforestation rates are overlaid with Trove’s updated land value data layer and a peer-reviewed present-day forest carbon stocks 
data layer3 to calculate to local cost of deforestation emissions.  Trove’s updated land value data layer combines the agricultural value of land with the value from timber extraction. 
The agricultural value of land is calculated for 25 commodities from 2021 FAO country-level commodity prices multiplied by the simulated productivity on the grid cell level4

constrained by 2021 FAO country-level productivity data. 5 Future commodity prices and productivity in a medium-population growth scenario are simulated using the IMPACT model, a 
partial equilibrium multi-market economic model, which simulates national and international agricultural markets.6 Timber extraction is based on 2021 International Tropical Timber 
Organisation (ITTO) statistics7 and limited to regions with timber extraction as main driver for deforestation.8

https://doi.org/10.1126/science.1244693
https://doi.org/10.1016/j.forpol.2013.01.001
http://www.fao.org/gaez/
https://www.fao.org/faostat/en/#data/QCL
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Updated geospatial REDD+ modelling
3. Projected supply until 2050

1WorldPop - https://www.worldpop.org/
2based on Busch et al. (2017) Potential for low-cost carbon dioxide removal through tropical reforestation. Nat. Clim. Ch. - https://www.nature.com/articles/s41558-019-0485-x
3Spawn et al. (2020) Harmonized global maps of above and belowground biomass carbon density in the year 2010. Sci. Data - https://www.nature.com/articles/s41597-020-0444-4 

Environmental & socioeconomic deforestation predictors1

Present-day aboveground biomass stocks2

projected up to 20503

Predicted deforestation emissions

High

Low

Cost of land + timber extraction value + MRV costs 
($/tCO2e)

2040

2050

Supply from REDD+ credits is calculated from emissions of the removal of existing forest biomass through future deforestation and the associated revenue from timber supply and 
agricultural activity.

Distance to roads

Elevation

Slope

Population

Volumetric model Economic model

Supply curve
2030
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REDD+

• Our updated deforestation model projects 
annual deforestation rates based on 
environmental and socio-economic 
parameters at a spatial resolution of 1 km2.

• Combined with our updated land value and 
timber harvest estimates we project potential 
supply of REDD+ directly from gridded data 
(instead of country-level averages), resulting 
in a smoother supply curve.

• Annual average (2020-2050) supply at 
<$50/tCO2e decreased to 421 MtCO2e from 
873 MtCO2e compared to the previous 
forecast, largely due to the inclusion of 
gridded timber extraction data.

• We assume a 30/70 split between REDD+ 
projects that contribute to the VCM and other 
REDD+ activities such as country-led results-
based payments based on VCM issuances and 
results-based reductions in Indonesia.1

Annual average supply until 2050 from REDD+ projects is 421 MtCO2e at under $50/tCO2e. The country with the greatest 
supply at under $50/tCO2e is Brazil with 146 MtCO2e/yr (see Appendix C for a country-level breakdown).

3. Projected supply until 2050

1www.trove-intelligence.com and Forest News (2021) Results-based payments in Indonesia: A strategy to move REDD+ forward? 
https://forestsnews.cifor.org/70458/results-based-payments-in-indonesia-a-strategy-to-move-redd-forward?fnl=en
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Forest restoration

• Available agricultural land constraints and the 
land value estimates have been updated to 
include cropland and pasture.

• Supply curves are now produced directly from 
gridded data (instead of country-level 
averages), resulting in a smoother supply 
curve.

• Projected annual average (2022-2050) supply 
at <$50/tCO2e slightly decreased to 244 
MtCO2e compared to 265 MtCO2e in the 
previous version.

• Annual average supply at <$100/tCO2e 
increased to 1,175 MtCO2e compared to 570 
MtCO2e as a result of the inclusion of more 
cropland available for reforestation.

• We also assume: 

• a project minimum size of 10 ha below 
which project and MRV costs outweigh 
credit supply revenue

• a minimum land value of $1/ha as 
additionality threshold

• a global buffer pool at 20%.

Annual average supply until 2050 from reforestation projects is 244 MtCO2e at under $50/tCO2e and 1,175 MtCO2e at 
under $100/tCO2e. The country with the greatest supply at under $50/tCO2e is Brazil with 115 MtCO2e/yr (see Appendix C
for a country-level breakdown). 

3. Projected supply until 2050
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Mangrove restoration

• Projected supply until 2050 at under 
$50/tCO2e is less than 1 MtCO2e/yr. The 
majority (23 MtCO2e/yr) only becomes 
available at above $200/tCO2e.

• The restoration potential for mangroves is 
based on the mangrove habitat loss since 
1996 (first available data year) per country1

and published biomass and soil carbon uptake 
potentials over 30 years. 

• The supply is limited by a relatively small 
restorable area.

• Restoration costs are calculated from project 
costs based on 20 projects in nine countries2

and the opportunity cost for aquaculture, the 
most common driver for mangrove loss in 
Asia and South America3. 

Credit supply from mangrove restoration is comparatively small and high cost. Only 12 MtCO2e/yr are available for 
restoration at under $100/tCO2e due to high project and opportunity costs. 

3. Projected supply until 2050

1The restoration potential excludes mangrove habitat lost due to erosion and urban development – see https://www.globalmangrovewatch.org
2Su et al. (2021) A meta-analysis of the ecological and economic outcomes of mangrove restoration. Nature Comms. 12, 5050.
3Opportunity costs are calculated from FAO landings data on shellfish farming for 4 dominant species (source: FAO Fishery and Aquaculture Reference Data repository) and EUMOFA price data (https://www.eumofa.eu/top-prices - tropical 
shrimp). Opportunity costs are assumed zero where no shellfish farming takes place.
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Soil carbon enhancement

• Means to increase soil carbon on agricultural 
land include no-/low-tillage farming, residue 
management (leaving of crop leftovers at 
harvest), and fertilizer management.

• We estimate supply from soil carbon 
enhancement for 14 regions, assuming that 
soil carbon can be increased by 0.3% in the 
top 30 cm – a moderate scenario based on 
peer-reviewed literature.1

• Regions with a high percentage of no-/low-
tillage practice are excluded from our supply 
and cost estimates.2

Soil carbon projects providing a potential supply of 828 MtCO2e/yr at $7-$27/tCO2e. North America and South Asia are the 
regions with the lowest project costs, representing a large (203 MtCO2e/yr) abatement potential at <$10/tCO2e. 

3. Projected supply until 2050

1Sommer, R. & Bossio, D. (2014) Dynamics and climate change mitigation potential of soil organic carbon sequestration. J. Environ. Manage. - https://www.sciencedirect.com/science/article/pii/S0301479714002588
2Choi, S.-W. & Sohngen, B. (2010) The optimal choice of residue management, crop rotations, and cost of carbon sequestration: empirical results in the Midwest US. Climatic Change. https://doi.org/10.1007/s10584-009-9680-5
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Biochar 

Biochar projects can supply 38 MtCO2e/yr at under $20/tCO2e and 78 MtCO2e/yr at under $50/tCO2e, mostly from low-to-
middle income countries. 

Projected supply until 2050

• Trove’s Biochar model uses multiple economic 
scenarios to model abatement cost for 
different biochar manufacturing technologies 
and combines this with available waste organic 
material to reduce project costs and the 
respective IPCC technology sequestration 
potentials. 

• The jump in cost at the 38 MtCO2e/yr
sequestered is due to the shift from simplistic 
to advanced technologies, considered in 
Verra’s recent methodology.1

• We assume 2% of global organic wastes to be 
used for Biochar production

• Biochar is a high value, versatile material that 
has multiple uses in soil moisture retention, 
water treatment, animal feeds, and building 
materials. Due to the high value of Biochar in 
developed markets additionality is only 
guaranteed in low-to-middle income countries 
with a GDP/Capita of less than $10,000 where 
inputs are cheaper and demand for biochar is 
reduced, plants are not profitable. .5
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1Verra (2022) Methodology for Biochar Utilization in Soil and Non-Soil Applications. https://verra.org/methodology/vm0044-methodology-for-biochar-utilization-in-soil-and-non-soil-applications-v1-0/



09 January 2023 Trove Research Limited 34

Cookstoves
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• Cookstove projects provide the lowest cost 
supply to the market due to their low 
production cost and high reduction potential. 

• Research shows that between 2-3% of global 
emissions (1-1.5 GtCO2e/yr) can be attributed 
to solid fuels for cooking2, providing an upper 
bound abatement potential. 

• Abatement is achieved through replacing old 
three stone cooking stoves with improved 
cooking stoves (ICS) which utilise more 
efficient technologies and less emissions 
intensive fuels. 

• Projects that are most likely to be considered 
additional in the VCM are wood fuelled ICS’s 
used by very low to low-income families -
calculated to be 62.3 million households. 

Clean cooking projects have a large potential supply (620 MtCO2e/yr) at under $20/tCO2e. The country with the highest 
potential supply is India (132 MtCO2e/yr). Cookstoves enable a significant number of co-benefits to communities and 
address multiple UN Sustainable development goals.1

Projected supply until 2050

1Global Alliance for Clean Cooking – Delivering on the SDGs through Clean Cooking –
https://sustainabledevelopment.un.org/content/documents/11416Global%20Alliance%20for%20Clean%20Cookstoves%20-%20Delivering%20on%20the%20SDGs%20through%20Clean%20Cooking.pdf 
2Bailis, R. et al. (2015) The carbon footprint of traditional woodfuels. Nat. Clim .Ch. - https://doi.org/10.1038/nclimate2491 
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Aggregate supply curves to 2050

The supply projection of the previous six methodologies are combined with supply from CCS/BECCS and Renewables in LDCs (see Appendix C) to create a total projected supply 
curve until 2050. Supply of reduction credits below $20/tCO2e come mostly from cookstove projects, CCS only becomes available at around $50/tCO2e, while REDD+ can provide 
some low- and high cost supply. Soil carbon projects cover low- to medium cost removal credit supply at up to $25/tCO2e and reforestation projects have the potential to provide 
the main portion of both medium- to high cost removal supply.

3. Projected supply until 2050

Annual supply of reduction carbon credits ($/tCO2e, 2022 prices) Annual supply of removal carbon credits ($/tCO2e, 2022 prices)
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Adjusted supply curves for carbon credits

The fundamental modelling of the cost and capacities of carbon reduction and removal projects shown in the previous slide shows maximum theoretical costs. In practice, the costs 
of creating carbon credits for most project types are likely to lower each point on the curve for two reasons:

1. The model assumes all projects are 100% additional. In practice, it is impossible to guarantee that project baselines always reflect what would happen in the absence of the 
project (e.g., a forest for REDD+ project might not have been deforested). Where this is the case, the incremental cost to create the carbon credit is lower than would be 
modelled theoretically. 

2. The modelling covers the key project types (Nature-based solutions, CCS and Renewable Energy in LDCs). These project types account for circa 2/3 of the expected future credit 
issuances from known projects to 2050. The other project types not included in this version of the model include Energy Efficiency measures (other than cook stove projects), 
Non-CO2 Gases and Renewable Energy in non-LDCs (some registries have significant volumes of legacy Renewable Energy projects in their pipelines). 

To account for these effects, we have made a number of adjustments. Removal credits: the High scenario takes the maximum theoretical curve, but the Low scenario assumes that 
the cost of creating each project is reduced by 40%, and that projects create 20% more credits than is modelled theoretically. Reduction credits: the High reduction supply scenario 
assumes the reduction projects produce 10% more credits at the same cost, but Low scenario assumes project costs are discounted by 50% and projects over-produce by 30%.

3. Projected supply until 2050
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Supply-demand intersection
4. Carbon credit price scenarios
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Low demand / Loose supply (2050) Low demand / Low Quality supply (2050)

High demand / Tight supply (2050)
High demand / Tight supply (2050)

The charts below show the overlay of supply and demand curves for reduction and removal credits for 2050. These overlays have been generated for each year under each 
scenario to derive the price projections until 2050.

Demand Supply
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Demand

Demand

Supply

Supply

Supply

Removal creditsReduction credits



09 January 2023 Trove Research Limited 39

4. Carbon credit price scenarios

Nb – the data shown in Section 3, covering carbon credit price projections, is derived from Trove Intelligence’s data on supply and demand forecasts updated October 2022.

The charts below show the updated price curves for the four scenarios for removal and reduction credits. These scenarios represent discrete views of how the future of the global 
carbon credit may evolve. We do not attach probabilities to each scenario. There are considerable ranges in the price curves reflecting the large number of uncertainties. 

High demand coupled with tighter supply creates high price outcomes of over to $45/tCO2e in 2030 for removal credits and $35/tCO2e for reduction credits. However, the 
combination of weaker demand and larger supply of lower quality credits results in significantly subdued prices – while removal credits reach $16/tCO2e by 2030, reduction credits 
stay below $10/tCO2e to 2030 only reaching just above $20/tCO2e by 2050. 

High demand coupled with tight supply yields an 9.5x increase in removal credit prices and 10x increase in reduction credit prices by 2050 compared to today. However, under a 
scenario of high demand paired with larger supply of low quality credits, removal credit prices only increase 8.5x and reduction credit prices only by 7.5x compared to today’s 
prices. 
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4. Carbon credit price scenarios

Reduction credits ($/tCO2e, 2022 prices) Weighted average credits ($/tCO2e, 2022 prices)1

Demand Low High

Supply quality Loose Tight Loose Tight

2022 7 7 7 7

2025 7 9 13 22

2030 9 16 28 38

2035 15 21 36 40

2040 20 25 38 45

2045 22 28 38 50

2050 22 28 38 51

Demand Low High

Supply quality Loose Tight Loose Tight

2022 9 9 9 9 

2025 9 12 15 23 

2030 12 19 30 41 

2035 18 26 40 49 

2040 25 32 44 55 

2045 27 37 47 58 

2050 27 37 48 60 

1. Weighted average credit prices assume two reduction credits are acquired for each removal credits

Future prices in the voluntary carbon market

Removal credits ($/tCO2e, 2022 prices)

Demand Low High

Supply quality Loose Tight Loose Tight

2022 13 13 13 13

2025 14 17 19 25

2030 18 24 32 47

2035 26 36 47 67

2040 36 45 55 75

2045 38 55 64 76

2050 39 56 68 77



09 January 2023 Trove Research Limited 41

Future prices in the VCM – premiums and discounts for reduction credits
4. Results and price curves

3Q22 2Q22 (previous)

Average price – 1-
3Q22

($/tCO2e)1

Premium / discount 
to average price (%)

Average price -
1H22

($/tCO2e)1

Premium / discount 
to average price (%)

REDD+ 12.1 +62% 13 +55%

Fuel Switch 6.3 -16% 8 -5%

Energy Efficiency 6.9 -7% 7 -17%

Renewable Energy 5.6 -25% 6 -29%

Non-CO2 Gases 6.0 -20% 6 -30%

All projects 7.5 8.4 -

To provide more detail on specific project type prices, we show price spreads around the price scenarios for reduction and removal credits. Rather than calculate individual 
demand and supply models for each project type, we calculate price spreads from historical transactions. These have been updated for prices in 3Q22.

The reduction credit price curves are an aggregation of several project types – notably Renewable Energy, Fuel Switch, Non-CO2 Gases and Energy Efficiency project types. These 
project types break down into even more varied sub-projects. The table below shows the premiums and discounts to the average price for reduction credits in up to the end of 
3Q22. The variances from the average present desirability of projects that encompass other attributes such as biodiversity and social benefits. In particular, whilst REDD+ reduces 
emissions of CO2 into atmosphere like other Renewable Energy or Energy Efficiency projects, REDD+ credits have traded at a 62% premium to the average reduction credit price 
during 1H22. In contrast, Renewable Energy, Fuel Switch, Non-CO2 Gases and Energy Efficiency projects have traded at discounts to the average, varying between -7% (Energy 
Efficiency) and -25% (Renewable Energy).

We continue to believe these variances will widen. REDD+ will extend its premium to the average as natural forests become scarcer and their biodiversity benefits valued more 
highly. The heavy discount for credits from Non-CO2 Gases mitigation projects will be extended further as regulations are introduced to control these gases. The discount for 
Renewable Energy projects will also grow driven by over-supply over the next decade, although a separate project class could emerge for RE projects in LDCs.

Premiums and discount to average prices for reduction credit types

1. Source: Trove Research weekly pricing reports 2022

2022 
Avg
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Future prices in the VCM – premiums and discounts for removals credits
4. Results and price curves

Our modelling of price scenarios for removal credits cover six main technology types: Reforestation, Soil Carbon, Biochar, Mangrove Restoration, BECCs and DACs.  Reference 
prices in today’s market for removal credits are mostly available for Nature-based credit types: Reforestation, Soil Carbon and, to some degree Biochar, through platforms such 
as Puro Earth.  BECCs and DACs do not yet exist at sufficient scale to provide a reliable reference price.  

Nature-based removal projects have traded at an average around $10.4 in the past 6 months, but with a discount for IFM of 17% and premiums for wetland conversation 
projects, such as seagrass and mangrove restoration. Biochar projects trade at much smaller volumes, e.g., in lot sizes of 500 to 10,000 CO2, but to date have been able to 
achieve prices nearly ten times the bulk nature based projects. In the future, we would expect the premium for biochar projects to reduce as more projects come on stream. 

1. Source: Trove Research weekly pricing reports 2022

Average price last 6 months
($/tCO2e)1

Premium / discount to NBS removal 
average

Nature based removal projects

Improved Forest Management (IFM) 8.5 -17%

Afforestation, Reforestation 10.0 +0%

Sustainable Grassland Management/Soil Carbon 10.6 ~0%

Wetlands Conservation – Mangroves/Seagrass 12.4 +20%

Average nature based removal projects 10.4

Other project types Multiple to NBS average

Biochar 80 - 120 x 8 - 120

DACCs n/a n/a

BECCs n/a n/a
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Corresponding Adjustments and Credit Prices

Article 6.2 of the Paris Agreement allows for the transfer of emission reduction between parties through Internationally transferred mitigation outcomes (ITMOs). To avoid double 
counting of emissions reductions, countries must ensure that credits traded on the voluntary market are not being used to count towards nationally determined contributions 
(NDCs) by both parties. For example, double counting would occur if a credit created in its host country (Party 1) was bought and claimed by a different country (Party 2), but both 
of the parties claiming the offset against their NDCs. Corresponding Adjustments are a mechanism by which this can be prevented. A corresponding adjustment is in affect a 
promise by the host country of a credit, to not claim the correspondingly adjusted credit against its NDCs, therefore allowing it to be sold on the international market and another 
country to claim it.

The use of Corresponding Adjustments will be required by three sources of demand in Trove's demand forecasts:

• CORSIA: CORSIA is applicable to international airlines and is not bound by national jurisdictions. Therefore, when CORSIA becomes a mandated scheme in 2027, voluntary 
offsets used within the scheme will require a corresponding adjustment. 

• Sovereign: Any government buying offsets from another country to help meet their NDCs will require corresponding adjustments.

• Compliance Schemes: Credits transferred into a compliance scheme that have originated from a different host country will require a corresponding adjustment. 

These credits will follow a different price trajectory than non-correspondingly adjusted credits as the price of these credits will be driven by the marginal cost of a countries’ 
emissions reduction to meet its NDC requirements. 

We will be producing a new price forecast for credits with corresponding adjustments in 1Q23.

Currently no credits on the market have a corresponding adjustment, however as schemes such as CORSIA become mandatory, the demand for these 
credits will grow.

4. Carbon credit price scenarios
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Appendix A – Maximum Willingness to Pay (MWTP) by demand source & 
sector

Q3 2022 Q2 20221

Reductions Removals Reductions Removals

Demand Source Sector low high low high low high low high

CORSIA Airlines 150 200 N/A N/A 150 150 N/A N/A

SBTi NZ Food, beverage & agriculture N/A N/A 39 52 N/A N/A 57 60

SBTi NZ Manufacturing N/A N/A 56 75 N/A N/A 57 62

SBTi NZ Services N/A N/A 80 106 N/A N/A 64 68

SBTi NZ Materials N/A N/A 19 25 N/A N/A 62 65

SBTi NZ Infrastructure N/A N/A 58 77 N/A N/A 47 51

SBTi NZ Hospitality N/A N/A 46 62 N/A N/A 66 75

SBTi NZ Apparel N/A N/A 61 81 N/A N/A 40 41

SBTi NZ Retail N/A N/A 74 98 N/A N/A 58 67

SBTi NZ Transportation Services N/A N/A 11 14 N/A N/A 53 59

SBTi NZ Biotech, health care & pharma N/A N/A 133 177 N/A N/A 61 64

SBTi NZ Financial Services N/A N/A 211 282 N/A N/A 74 81

SBTi NZ Power generation N/A N/A 18 24 N/A N/A 86 89

Other NZ Oil & Gas 27 37 37 49 44 60 44 60

Appendix A:
Maximum Willingness to Pay estimates

The following table shows the maximum willingness to pay estimates for carbon credits for each Trove demand source broken down by sector ($/tCO2e) calculated according to our 
Q3 2022 updated analysis and compared against the Q2 2022 estimates1.  CORSIA airline companies are assumed to only buy reduction credits whilst SBTi net zero companies are 
assumed to only buy removal credits.

1NACE Rev. 2 sector definitions were used in Q2 2022 analysis (Level 1 – 21 Sections) which are mapped to Trove sectors for comparison.
Currently, the SBTi is not accepting commitments or validate targets for companies in the oil and gas / fossil fuels sectors, hence, there is no forecasted demand for “SBTi – Fossil Fuels”.
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Q3 2022 Q2 20221

Reductions Removals Reductions Removals

Demand Source Sector low high low high low high low high

Carbon Neutral Food, beverage & agriculture 14 19 19 26 9 23 15 28 

Carbon Neutral Manufacturing 21 28 28 37 8 20 15 25 

Carbon Neutral Services 30 40 40 53 10 24 16 27 

Carbon Neutral Materials 7 9 9 13 8 21 15 26 

Carbon Neutral Infrastructure 22 29 29 39 9 23 15 28 

Carbon Neutral Hospitality 17 23 23 31 9 19 10 22 

Carbon Neutral Apparel 23 30 30 40 6 18 15 23 

Carbon Neutral Retail 28 37 37 49 7 19 15 24 

Carbon Neutral Transportation Services 4 5 5 7 14 31 23 34 

Carbon Neutral Biotech, health care & pharma 50 66 66 89 12 27 23 32 

Carbon Neutral Financial Services 79 106 106 141 13 28 23 33 

Carbon Neutral Power generation 7 9 9 12 19 40 30 40 

Carbon Neutral Fossil Fuels 8 11 11 14 8 21 15 26 

Compliance Developed Compliance Markets 75 90 75 90 N/A N/A N/A N/A

Compliance Developing Compliance Markets 25 36 25 36 N/A N/A N/A N/A

Compliance Chinese Compliance Markets 30 40 30 40 N/A N/A N/A N/A

Sovereign Sovereign 8 15 8 15 N/A N/A N/A N/A

Appendix A:
Maximum Willingness to Pay estimates

Appendix A – Maximum Willingness to Pay (MWTP) by demand source & 
sector

1NACE Rev. 2 sector definitions were used in Q2 2022 analysis (Level 1 – 21 Sections) which are mapped to Trove sectors for comparison.

Maximum willingness to pay for Compliance and Sovereign demand was not estimated in our Q2 2022 analysis. 
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Appendix B:
Maximum Willingness to Pay adjustmentsAppendix B – Maximum Willingness to Pay (MWTP) adjustments

Sector Proportion of Scope 1 and 2 emissions being offset

Fossil Fuels / Oil & Gas 7.5%

Power generation 7.5%

Materials 15%

Transportation services 15%

Food, beverage & agriculture 35%

Retail 35%

Biotech, health care & pharma 35%

Manufacturing 40%

Infrastructure 40%

Hospitality 50%

Services 100%

Apparel 100%

Financial services 150%

Applying an assumption of 1% EBIT as the budget available for carbon credit purchases and dividing by total scope 1 & 2 emissions can produce some extreme outcomes.  Often this 
is because large emissions footprints of some sectors.  For example the median oil and gas MTWP would be $2/tCO2. Whilst oil and gas companies can make large profits their 
emissions footprints are even larger, such as the MTWP is unusually low.   We therefore apply an adjustment that assumes the company offsets a proportion of their Scope 1 and 2 
emissions.  These adjustments are based on the emissions intensity of each sector - the higher the emissions per sector, the lower the ability of that sector to offset their total Scope 
1 and 2 emissions (Table 1).  100% means that no adjustment, while for oil & gas firms we assume 7.5% of scope 1 & 2 emissions are offset.  We also apply a further discount to the 
MWTP in the low demand scenario compared to the high demand scenario, for credits from carbon neutral claims and for reduction credits compared to removal credits (Table 2).  

Trove Research Limited 4709 January 2023

Scenario MWTP adjustment

Low Demand Scenario 75%

Carbon Neutral Demand Source 50%

Reduction Credits 75%

Table 1. Percentage adjustments by sector

Table 2. Percentage adjustments by different scenarios

Assumed proportion of scope 1 and 2 emissions being offset 
compared to sector emissions intensity (%)
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Appendix C - CCUS, DACCS & BECCS

This curve was modelled as part of Trove’s research undertaken in collaboration with the University of College London (published in June 2021 – available here). An updated 
CCS/BECCS model is currently being developed.

Appendix C: Projected supply until 2050
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Appendix C - Renewable Energy in LDCs

This curve was modelled as part of Trove’s research undertaken in collaboration with the University of College London (published in June 2021 – available here). An updated 
CCS/BECCS model is currently being developed.

Appendix C: Projected supply until 2050
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Appendix C – Supply of reforestation and REDD+ credits by country
Appendix C: Projected supply until 2050
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1Covering 83% of the total potential supply of reforestation at <$100/tCO2e
2Covering 99% of the total potential supply of REDD+ at <$100/tCO2e

Top 20 countries1 of annual reforestation supply (MtCO2e, 2022-2050 average)

Country <$20/tCO2e <$50/tCO2e <$100/tCO2e

Brazil 0.74 115.26 326.31

Indonesia 0.00 5.48 120.68

Thailand 0.58 3.19 88.50

Philippines 0.00 0.20 70.93

India 0.01 0.59 51.76

Mexico 0.54 28.29 51.51

Nigeria 0.00 3.28 42.74

Paraguay 0.39 2.59 34.87

Bolivia 0.09 5.98 13.31

Guinea 0.00 11.24 13.19

Myanmar 0.16 0.17 11.93

Cambodia 0.00 0.03 10.79

Malaysia 0.01 0.01 10.55

Ethiopia 0.13 2.84 9.19

DRC 0.00 0.59 5.69

Guatemala 0.00 0.57 5.35

El Salvador 0.10 0.89 4.45

Liberia 0.00 0.00 4.08

Cameroon 0.31 0.35 4.00

Honduras 0.27 1.13 3.85

Total 3.32 182.68 883.70

Top 20 countries2 of annual REDD+ supply (MtCO2e, 2022-2050 average)

Country <$20/tCO2e <$50/tCO2e <$100/tCO2e

Brazil 119.22 145.80 323.05

Colombia 37.72 99.27 95.37

Indonesia 62.70 76.66 73.62

Central African Rep. 1.61 41.92 44.65

DRC 23.60 28.94 27.79

Cameroon 8.88 10.94 11.57

Ecuador 4.05 4.96 4.76

China 0.64 3.12 3.14

Brunei 2.19 2.67 2.73

Gabon 1.65 2.02 1.94

Cambodia 1.27 1.57 1.79

Chad 0.59 1.62 1.58

Ethiopia 0.39 0.48 0.46

Burundi 0.04 0.05 0.41

Malaysia 0.21 0.26 0.25

India 0.20 0.24 0.23

France (overseas terr.) 0.18 0.22 0.21

Guinea-Bissau 0.06 0.07 0.07

Guatemala 0.04 0.04 0.04

Myanmar 0.02 0.02 0.02

Total 265.26 420.89 593.69
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This document and its content (including, but not limited to, the text, images, graphics and illustrations) is the copyright material of Trove Research Ltd 
unless otherwise stated. No portion of this document may be photocopied, reproduced, scanned into an electronic system or transmitted, forwarded or 
distributed in any way without prior consent of Trove Research Ltd.

General disclaimer

The information contained in this publication is derived from carefully selected public sources we believe are reasonable. We do not guarantee its 
accuracy or completeness and nothing in this document shall be construed to be a representation of such a guarantee. Any opinions expressed reflect 
the current judgment of the author of the relevant article or features, and do not necessarily reflect the opinions of Trove Research. The opinions 
presented are subject to change without notice.

This document contains forward-looking statements and information which reflect Trove Research’s current view with respect to future events. When 
used in this document, the words “believes”, “expects”, “plans”, “may”, “will”, “would”, “could”, “should”, “anticipates”, “estimates”, “project”, “intend” 
or “outlook” or other variants of these words or other similar expressions are intended to identify forward-looking statements and information. Actual 
results may differ materially from the expectations expressed or implied in the forward-looking statements. 

Trove Research accepts no responsibility for any liability arising from use of this document or its contents. Trove Research does not undertake Regulated 
Activities as defined in Section 22 of the Financial Services and Markets Act 2000 and is not registered with the Financial Services Authority of the UK.
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