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1. Introduction

Market mechanisms have long been recognised as
tools for climate change mitigation. However, since
their introduction carbon offsetting (baseline-and-
credit) schemes have suffered from a number of
integrity challenges, in both compliance (Calel et al
2021) and voluntary settings (Fuss et al 2024).
The growth in pledges to meet net zero emis-
sions (Net Zero Tracker 2024) has prompted fresh
calls to revise the integrity of both the supply and
demand sides of these carbon markets (Fuss et al
2024). These general considerations, and the partic-
ular challenge of offsetting given the need to sharply
reduce emissions to stabilise temperatures, inspired
the release of the original Oxford Principles for
Net Zero Aligned Carbon Offsetting (ONZOPs) in
September 2020, and a revised version in February
2024 (Axelsson et al 2024).

The revised ONZOPs outline how organisations
can credibly deploy an offsetting strategy in line with
the science of net zero, which requires all residual
emissions (i.e. those that cannot be feasibly reduced)
to be durably counterbalanced. More specifically, the
four principles set out the need to: (1) cut emissions,
ensure the environmental integrity of credits, and
regularly revise offsetting strategies as best practice
evolves; (2) begin a transition now to carbon removals
in the portfolio to cover all residual emissions by the
global net zero target date; (3) shift to removals with
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durable storage (low risk of reversal) to compensate
these residual emissions by the global net zero target
date; and (4) support the development of innovat-
ive and integrated approaches to achieving net zero
(Axelsson et al 2024).

The ONZOPs use scientific principles to align
current best practices with the highest chance of
achieving net zero globally. In doing so they make
global net zero the central focus of the framework,
such that following the ONZOPs can put particip-
ating organisations on track to alignment with the
global net zero goal. Unlike other integrity initiatives,
the ONZOPs do not purport to verify net zero claims.
Rather, they provide a framework that requires adapt-
ation to a given organisational context, whether this
be service providers or governments setting guid-
ance and policies for climate claims (White House
2024) or organisations looking to make such claims
themselves. They do not take a stance as to whether
credit-based offsetting is required for a net zero world
but outline what any organisation ought to do when
incorporating offsetting—through the purchase of
third-party credits or other means—into its net zero
strategy.

Since their inception, the ONZOPs have sparked
questions in relation to the design and execution
of net zero aligned offsetting strategies, including
related to the composition and quality of carbon
project portfolios. In this perspective we contex-
tualise the ONZOPs in the light of contemporary
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debates, challenges, and trends in climate and offset-
ting policy. However, the original ONZOPs should be
consulted for further depth on the concepts contained
therein (Axelsson et al 2024).

2. Designing a high-integrity strategy that
prioritises reducing emissions

Before offsetting is considered, the first priority for all
organisations is to cut their own direct and indirect
emissions as far as possible, especially where techno-
logy is readily available (such as emission from elec-
tricity generation which can be reduced via renew-
ables). In most net zero pathways, emissions result-
ing from electricity, heating and land transport will
need to be reduced to near-zero well before the date
of global net zero (Pathak et al 2022). Credits can
be an interim measure to complement ongoing value
chain decarbonisation, but relying on credits instead
of directly reducing emissions can be harmful for
several reasons (Caney and Hepburn 2011). Low-
carbon technologies and business models require
time and early investment to scale and achieve cost-
competitiveness. Through investing in direct decar-
bonisation now, stakeholders contribute to lower-
ing costs in the research- and capital-intensive path-
ways required to reach net zero (Way et al 2022).
Finally, a reliance on offsetting does little to shift polit-
ical economic factors that entrench carbon-intensive
interest groups’ significant political power (Colgan
et al 2021), including those which oppose the deep
and swift structural decarbonisation that the IPCC
indicates we need (Pathak et al 2022).

Credit quality and additionality also remains an
ongoing issue. Many credits issued to date in major
project categories on the voluntary carbon market
have been found not to represent real emissions
reductions (Probst et al 2024) as poor regulatory
oversight persists across the market. High-quality
crediting projects can face scalability challenges due
to technological, financial and resource limitations,
particularly for geological carbon removals, and finite
land area places limits on land-based removals. Poorly
designed carbon crediting projects can also have
harmful impacts—including on human rights and
biodiversity—which can undermine project success
and legitimacy (Seddon et al 2021).

For these reasons, the ONZOPs recommend pri-
oritising an organisation’s own emissions reductions,
using only high-integrity credits that follow good-
practice guidelines, being transparent on when and
why credits are used and how any offsetting strategy
evolves over time in line with best practice.
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3. Counterbalancing residual emissions
with removals

The ‘emissions-removals gap’ needs to be completely
bridged to reach a state of net zero. Physically, many
combinations of emissions reductions and removals
could result net zero emissions. However, there are
limits to the resources and inputs available to per-
manently remove emissions at scale, particularly in
the context of a Paris-aligned mitigation timeline. In
absolute terms, the IPCC scenarios project that the
initial ‘bridging’ effort comes mainly from emissions
reductions, but substantial interventions and invest-
ments will be needed across both emissions reduc-
tions and removals to deliver global net zero (see
figure 1).

By definition, emissions and removals need to be
in balance by the date of net zero (Fankhauser et al
2022). The net greenhouse gas transfer to the atmo-
sphere of high-quality reductions and removals pro-
jects is similar both before and after the date of net
zero, meaning there is no basis from the standpoint
of carbon accounting to opt for one over the other
(Mollersten et al 2024). Actors claiming to be net
zero aligned by using credits therefore need, at min-
imum, to ensure their activities, including credits, res-
ult in no net greenhouse gas transfer to the atmo-
sphere. However, there is no unique correct definition
of ‘organisational net zero) as net zero is a collective
action problem, requiring an array of reductions and
removals activities across a wide range of public and
private actors.

Emissions reduction credits can play a vital role
in the transition, for instance, accelerating the trans-
ition from fossil fuels and protecting the carbon
stored and carbon sinks in potentially vulnerable
ecosystems. In addition, emission reductions often
deliver co-benefits such as improved air quality,
biodiversity conservation, and resilience and adapt-
ation to climate change. Emission reduction credits
will therefore need to play a significant role in net
zero offsetting strategies. However, as Paris-aligned
public policy and private sector investment increas-
ingly drives emissions reductions down towards only
hard-to-abate categories, and innovation continues
to reduce the number of those categories, we expect
to see a decline in emission reduction credits that can
be considered ‘additional’ as we approach net zero,
underpinning principle Two of the ONZOPs which
calls for a shift towards removals.

In addition to shifting to removal-based offsetting
strategies, it is vital to protect existing natural car-
bon sinks in order to stabilise global temperatures,
and the strength of natural carbon sinks required to



Environ. Res. Lett. 20 (2025) 091005

1 Johnstone et al

Emission reduction

Avoided emissions,  Avoided Emission

or emission emissions or reduction from
reduction from emission geosphere
geosphere reduction from (with storage)
(without storage) biosphere

e.g. Renewable e.g. Avoided eg.CCSon
energy & energy ecosystem loss fossil-fuel
efficiency & degradation power plant

Co-benefits (e.g. clean air, biodiversity, adaptation)

Figure 1. Project taxonomy. This simplified taxonomy shows five different types of carbon mitigation projects, illustrating the
spectrum of emission reductions and carbon removal activities and, for the latter category, distinguishing between where carbon
is removed from the atmosphere, how it is stored (in the biosphere or geosphere) and the risks and benefits associated with these
different approaches. These projects can be carried out within or beyond an organisation’s value chain, with an imperative to
reduce an organisation’s own net emissions as far as possible prior to engaging in offsetting as per Principle One. Adapted with
permission from Axelsson et al., (2024). © Authors/Smith School of Enterprise and the Environment.
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maintain a stable temperature after net zero is pro-
portional to historical emissions. To stabilise global
temperatures, collective action towards net zero must
therefore both shift towards offsetting based on dur-
able removals and fulfil the additional responsibility
to maintain passive carbon uptake by protecting exist-
ing natural carbon sinks.

4. Ensuring the durability of removals

Unabated carbon dioxide emissions result in a
near-permanent increase in global temperature
(Cullenward 2023). While a range of physical and
economic equivalencies can be drawn between car-
bon stored on differing timescales (Cullenward 2023),
carbon removals need to reflect this permanence.
To ensure that the net zero balance is maintained,
residual emissions must be counterbalanced with
sufficiently durable removals over time as in figure 2
(Fankhauser et al 2022). Currently human activity
achieves approximately 2 GtCO2 per year of CO2
removal, almost all to the biosphere with a high risk
of reversal (Smith et al 2024). Central estimates from
scenarios with an emphasis on sustainability indicate
7-9 GtCO2 of removal by 2050 with a lower risk of
reversal (Smith et al 2024).

5. Creating an integrated policy
environment conducive to net-zero
alignment

Delivering net zero aligned offsetting portfolios
requires the right policy and practice-based signals to

ensure robust supply and demand in future. Central
to climate mitigation will be policy support for invest-
ment in the zero-carbon energy transition. A range of
catalytic levers exist for both the public sector (Hickey
et al 2023) and the private sector (Johnstone 2024)
that can inter-alia derisk project finance, provide
demand pull, and corral sector-led innovations across
mitigation outcomes (Grubb et al 2021). Moving
from voluntary to compliance-based carbon mar-
kets forms part of this (Fuss et al 2024) as does
broader regulation and oversight of voluntary claims
(European Commission 2024).

The ONZOPs also recognise the crucial role of
nature in delivering net zero alongside other goals.
High quality nature-based approaches that restore
and protect the carbon stored in well-managed resi-
lient ecosystems play a vital role in both climate
change mitigation and adaptation, provided they are
developed in line with best practice principles, sup-
porting local communities (Seddon et al 2021). An
integrated approach to climate and nature that max-
imises synergies and minimises trade-offs is essential
to deliver net zero on a habitable planet.

6. Summary

Environmental integrity issues related to the addi-
tionality, durability and over-issuance of credits have
undermined market credibility and revealed the need
to anchor offsetting strategies in climate science. In
the ONZOP we hope to provide a rigorous framework
to align organisational offsetting strategies with cred-
ible pathways to global net zero. Such strategies can
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Figure 2. Example of a net zero aligned offsetting portfolio. An illustrative (not to scale) breakdown showing the proportion of
different project types that could be used to address residual emissions between 2020 and 2050. The figure illustrates the move
from projects based on emissions reductions (yellow) toward carbon removal (blue), and the shift from project types with higher
risk of reversal (lighter shades) to project types with lower risk of reversal (darker shades). The 100% line in figure indicates the

total offsetting credit portfolio for the emissions attributable to an organisation’s value chain, including Scope 1, 2 and 3
emissions. The striped area above the line is used to indicate that investments across all project types may be valuable as a
contribution to wider mitigation efforts beyond an organisation’s value chain mitigation or net zero target, up to and beyond the
net zero target date. Such contributions (not used for offsetting) may be particularly valuable to organisations that set
climate-positive targets, acknowledging that some organisations will need to go further than net zero given equity considerations
and the limited capacity of others to meet the target by the global net zero target date. Adapted with permission from Axelsson
et al., (2024). © Authors/Smith School of Enterprise and the Environment.

and should continue to evolve over time, informed by
the latest developments in both climate science and
mitigation practice.
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