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1. -RXVSHYGXMSR

Members of the Net-Zero Asset Owner Alliance (AOA) are committed to supporting long-
term investments aligned with net-zero emissions by 2050 or sooner, consistent with 
XLIMV�ƼHYGMEV]�HYXMIW��-RZIWXQIRXW�MR�GSQTERMIW�ERH�IGSRSQMIW�[LMGL�EVI�GSQQMXXIH�
to reducing greenhouse gas (GHG) emissions, alongside advocating for changes in regu-
lations, policies and carbon pricing for scaling clean energy and new technologies, will 
ensure that asset owners can align their portfolios to a 1.5°C pathway and help deliver 
the goals of the Paris Climate Change Agreement.

%W�MPPYWXVEXIH�F]�XLI�-RXIVKSZIVRQIRXEP�4ERIP�SR�'PMQEXI�'LERKI��-4''
�Special Report on 
Global Warming of 1.5°C,1 all scenarios that limit global warming to below a 1.5°C ceiling 
rely on accelerating action to cut GHG emissions, supplemented by at least some level 
of carbon dioxide removal (CDR) from the atmosphere using a mix of land-based carbon 
sinks and technological carbon removal approaches. Without CDR playing a role, it will be 
ZIV]�HMƾGYPX�XS�QIIX�XLI����q'�KSEP�SJ�XLI�4EVMW�%KVIIQIRX�

This Alliance position aims to clarify the focus areas and prioritisation of actions that 
asset owners should take to align their portfolios to a global net-zero, 1.5°C path-
way, including fostering rapid and deep cuts to GHG emissions within and outside of 
investee company value chains. The Alliance position recognizes that whilst the primary 
focus must remain on deep decarbonization in energy, urban, infrastructure and indus-
trial systems, as well as reversing emissions growth from land use systems (broadly 
captured by scenarios P1 and P2 in Figure 1 below), investments in CDR and negative 
emissions technologies and solutions will also be complementary and necessary in 
order to accelerate progress and align to a 1.5°C pathway (scenarios P3 and P4). 

1 ipcc.ch/sr15/



The Net in Net Zero: The role of negative emissions in achieving climate alignment for asset owners 4

*MKYVI����&VIEOHS[R�SJ�GSRXVMFYXMSRW�XS�KPSFEP�RIX�'32 �IQMWWMSRW�MR�JSYV�MPPYWXVEXMZI�
QSHIP�TEXL[E]W

7SYVGI��ƈ+PSFEP�;EVQMRK�SJ����q'�Ɖ�-RXIVKSZIVRQIRXEP�4ERIP�SR�'PMQEXI�'LERKI������.

The importance of CDR through negative emissions technologies and nature-based solu-
tions in addressing unabated emissions must not be underestimated. Avoiding all CO2 
emissions in the next three decades will be challenging, and emissions already accumu-
lated in the atmosphere will continue to have impacts on the climate system for years to 
GSQI��-R�EHHMXMSR��VIWIEVGL�MRHMGEXIW�XLEX�JSV�E�KMZIR�EQSYRX�SJ�'32 emissions, a larger 
amount of removals will be needed to achieve the same atmospheric CO2 concentra-
tions and mean temperature change into the future.2 Whilst this asymmetric nature of 
emissions versus removals adds weight to the existing moral, economic, and physical 
science rationale for prioritizing abatement, it also underlines the crucial and comple-
mentary role of negative emissions to ensuring the sustainability of the 1.5°C ceiling 
over time. 

-X�MW�IWXMQEXIH�XLEX�MR�SVHIV�XS�EPMKR�[MXL�E����q'�TEXL[E]��'(6�ERH�RIKEXMZI�IQMWWMSRW�
solutions must be scaled massively and rapidly to achieve global removal of 0.5 to 1.2 Gt 
of CO2 per year by 2025 and as much as 6 to 10 Gt of CO2 per year by 2050 (compared 
to global emissions of 42 Gt of CO2 in 2020), alongside decarbonization efforts.3 

The Alliance’s target setting protocol (TSP) emphasizes that a deep and rapid decarbon-
ization transition is needed across all sectors, particularly the carbon-intensive industries, 
[LMGL�QYWX�QSVI�XLER�LEPZI�IQMWWMSRW�F]������XS�EPMKR�[MXL�E����q'�TEXL[E]��-X�YRHIV-
lines that asset owners can facilitate this transition by investing capital into activities 
that drive deep decarbonization and investing in technologies and nature-based solu-
XMSRW�XLEX�VIQSZI�VIWMHYEP�IQMWWMSRW��RIKEXMZI�IQMWWMSRW�XIGLRSPSKMIW
��-R�HSMRK�WS��
the measuring and reporting of generated emissions and emission removals will enable 

2 Zickfeld, Kirsten, Deven Azevedo, Sabine Mathesius, and H. Damon Matthews. “Asymmetry in the Climate–
carbon Cycle Response to Positive and Negative CO2 Emissions.” Nature Climate Change 11, no. 7 (July 2021): 
613–17. doi.org/10.1038/s41558-021-01061-2.

3 The Case for Negative Emissions, a call for immediate action by the Coalition for Negative Emissions, supported 
by McKinsey & Company June 2021 coalitionfornegativeemissions.org/ 
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asset owners to track progress against their net-zero goals and ensure accountability 
such that the employment of CDR does not deter or detract from decarbonization efforts 
and/or ambition on a wider scale.

Whilst the Alliance position supports both systemic decarbonization and CDR, it is 
important to underline that if investors and asset owners over-emphasize negative emis-
sions when supporting net-zero, 1.5°C pathways, rather than prioritizing reducing emis-
sions in and outside of value chains, they risk perpetuating a carbon intensive global 
economy with other societal, economic, and geopolitical implications, including:

 č The impact of pollution (SOx and NOx and other pollutants) as well as the physical 
effects of climate change on vulnerable communities;

 č 8LI�VMWO�SJ�RSX�FIMRK�EFPI�XS�GSRXMRYI�XS�ƼRERGI�GEVFSR�HMS\MHI�VIQSZEP�PEXIV�MR�XLI�
century;4

 č The potential economic impacts of carbon taxes on poorer people; and
 č Land use issues which would have to be balanced against the potential to create jobs, 

grow food, economic well-being as well as conserve nature and improve biodiversity 
and freshwater balances, through nature-based bio-sequestration approaches.

On the contrary, under-investment and failure to develop nascent CDR pathways now, 
risks them not being available as an important resource when needed at scale. 

Economic and policy mechanisms including proposals to develop large scale voluntary 
carbon markets are in progress and will be complementary to how investors and asset 
owners support the transition to global net zero. To date, carbon credits, in the form of 
voluntary offsets, and permits in the form of regulated cap and trade schemes like the 
European Trading Scheme (ETS), have been two of the main economic mechanisms 
(along with carbon taxes and feed-in tariffs) to regulate and slow emissions growth in 
some sectors. Whilst compensating for emissions through purchasing carbon credits 
can have real world impacts, the Alliance target setting protocol (TSP) does not include 
them in accounting for or measuring net zero or portfolio alignment, and instead encour-
ages rigorous accountability and stewardship of investee companies’ compensation 
efforts (see section 3 ‘Engagement with Policymakers and other Stakeholders’).

�� &IHREV��.���3FIVWXIMRIV��1��
�;EKRIV��*��3R�XLI�ƼRERGMEP�ZMEFMPMX]�SJ�RIKEXMZI�IQMWWMSRW��Nat Commun 10, 1783 
(2019). doi.org/10.1038/s41467-019-09782-x
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2. 8LI�92�GSRZIRIH�
2IX�>IVS�%WWIX�3[RIV�
%PPMERGI�4SWMXMSR

The Alliance believes that asset owners’ immediate efforts must foster the rapid and 
deep cutting of GHG emissions as a priority, so that fewer emissions enter the atmo-
sphere, requiring less CDR in the future. The focus must be on accelerated action to 
cut emissions through the reduction of scope 1, 2 and 3 emissions in line with science-
based no/low overshoot scenario pathways to global net zero by 2050, or earlier if 
possible. This is aligned with climate science and initiatives such as the Science Based 
8EVKIXW�-RMXMEXMZI��7&8M
�ERH�XLI�3\JSVH�4VMRGMTPIW�JSV�2IX�>IVS�%PMKRIH�'EVFSR�3JJWIXXMRK�5

The Alliance supports a range of mitigation strategies and tactics, with a focus on abate-
QIRX��GSQTIRWEXMSR�ERH�RIYXVEPMWEXMSR��WII�ƼKYVI���FIPS[
��[MXL�XLI�JSPPS[MRK�XMQMRK��

 č The Alliance sees abatement as the top priority for the next 5–10 years.
 č Compensation, including purchasing carbon credits, is a meaningful real-world impact 
OI]�TIVJSVQERGI�MRHMGEXSV��/4-
��ZIV]�MQTSVXERX�JSV�XLI�XVERWMXMSR��FYX�[MPP�RSX�FI�YWIH�
for measuring net zero or portfolio alignment as part of the Alliance target setting 
protocol (TSP).6�-RWXIEH��%PPMERGI�QIQFIVW�WLSYPH�HIZIPST�WITEVEXI�QIXVMGW�XS�XVEGO�
ERH� YRHIVWXERH� XLI� IƾGEG]� SJ� XLIMV� MRZIWXII� GSQTERMIWƅ� GSQTIRWEXMSR� IJJSVXW��
supporting efforts to enhance regulated schemes and accelerate meaningful action 
to reduce emissions at source, as well as supporting the scaling of voluntary carbon 
markets, ensuring that they are underpinned by assets, or projects that effectively 
avoid, reduce or remove carbon.

 č Neutralisation via long-term carbon removal will be needed to reach net zero. The 
Alliance recognizes that CDR solutions, both nature-based and technological, will 
therefore need to be developed at scale. However, in the next 5–10 years, abate-
ment should be the focus for technological solutions that are already feasible, like 
'EVFSRɸ'ETXYVI��9WI�ERH�7XSVEKI��''97
�

5 Taxonomy of Carbon Offsets, in “The Oxford Principles for Net Zero Aligned Carbon Offsetting”, Smith School of 
)RXIVTVMWI�ERH�XLI�)RZMVSRQIRX��3\JSVH�9RMZIVWMX]��7ITXIQFIV�����

�� 92)4�*-�ERH�46-�2IX�>IVS�%WWIX�3[RIVWƅ�%PPMERGI�ƈ-REYKYVEP������8EVKIX�7IXXMRK�4VSXSGSPƉ�YRITƼ�SVK�[SVH-
press/wp-content/uploads/2021/01/Alliance-Target-Setting-Protocol-2021.pdf
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*MKYVI����8E\SRSQ]�SJ�GPMQEXI�QMXMKEXMSR�XEGXMGW�ERH�SYXGSQIW��

Mitigation tactics

Within the value chain of the company

%FEXIQIRX
Measures that companies take 
to prevent, reduce, or eliminate 

sources of GHG emissions 
with their value-chain

2IYXVEPMWEXMSR
Measures that companies take to remove carbon from the atmo-

sphere in order to counterbalance the impact of a source of emissions, 
within the value chain of the company, that remains unabated

'SQTIRWEXMSR
Measures that companies take 
to prevent, reduce or eliminate 

sources of GHG emissions 
outside of their value-chain

Removal of carbon dioxide 
from the atmosphere (CDR)

Minimisation of non-CO2 
GHG emissons

Reduced deforestation and 
land-use change emissions

Decarbonisation

Mitagation outcomes

Outside the value chain of the company

7SYVGI��*SYRHEXMSRW�JSV�7GMIRGI�&EWIH�2IX�>IVS�8EVKIX�WIXXMRK�MR�XLI�'SVTSVEXI�7IGXSV��(IZIPSTIH�F]�
'(4���7ITX�����
�

The Alliance recognizes that CDR will be needed to limit global temperature rise to 1.5°C, 
to cancel out hard-to-mitigate residual emissions. Developing CDR capabilities provides 
XLI�WIGSRHEV]�FIRIƼX�XLEX��MR�XLI�IZIRX�SJ�ER�YRHIWMVEFPI�XIQTIVEXYVI�SZIVWLSSX��[I�GER�
still reduce atmospheric CO2 concentrations to return to a 1.5°C pathway. 

The robustness of any net-zero strategy reliant on negative emissions depends on the 
effectiveness of the underlying CO2 removal and, especially, on the permanence of the 
WXSVIH�GEVFSR��-X�MW�IWWIRXMEP�XLEX�SRP]�'(6�TVSGIWWIW�[MXL�PSRK�PMZIH��ZIVMƼEFPI�ERH�GIVXM-
ƼEFPI�WIUYIWXVEXMSR�QIGLERMWQW�EVI�WYTTSVXIH��,S[IZIV��XLMW�XVERWMXMSR�QYWX�WXEVX�
today, and although carbon stored for decades is less valuable than carbon stored for 
QMPPIRRME��MX�WXMPP�LEW�WMKRMƼGERX�ZEPYI��8LI�[SVPH�GVMXMGEPP]�RIIHW�REXYVEP�VIQSZEPW�XS�FI�
scaled over the next decades, but in the longer term, only CDR with long-term permanent 
storage should be part of corporate net-zero strategies. 

A range of CDR approaches will be required to remove CO2 at large scale, as each poten-
tial approach will have scale limitations, constraints and trade-offs—for example with 
PERH�YWI��[EXIV�GSRWIVZEXMSR�ERH�FMSHMZIVWMX]�TVSXIGXMSR��8LI�GSWXW�ERH�FIRIƼXW�SJ�IEGL�
potential CO2 removal approach, and their different institutional and economic contexts 
and geographies, will need to be scrutinized by investors.

-X�MW�MQTSVXERX�XS�EPWS�VIGSKRM^I�XLI�MQTSVXERGI�ERH�XVEHI�SJJW�SJ�REXYVI�FEWIH�WSPYXMSRW��
related to incentives around indigenous forest protection. The more emphasis that is 
put on reductions, while under emphasizing the contributions that can be made through 
nature-based solutions or natural climate solutions (NCS), could ultimately translate to 
more removals being required.
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The Alliance supports CDR approaches in two main categories:

 č Nature-based solutions including enhancement of natural carbon stocks through 
ecologically sensitive design methods (e.g. having regard to indigenous species 
assemblages):
 Č Restoration of ecological functioning of degraded landscapes—comprising peat-

lands, mangroves, coastal wetlands/ecosystems, aquatic ecosystems or low 
productive land—by promoting multifunctional landscapes, including reforestation 
and afforestation; 

 Č Natural regeneration of forests, assisted or otherwise;

 Č Enhanced carbon sequestration in agricultural soils, which also enhances soil 
health, water holding capacity and productivity; and

 Č Enhanced bio-sequestration techniques, replacing marginal agricultural land with 
QEREKIH�MRHMKIRSYW�ƽSVE��[LMGL�MW�GSTTMGIH�VIKYPEVP]�ERH�FYVMIH�MR�ERS\MG��WEPMRI�
pits to avoid composting.

8LI�ƼVWX�XLVII�SJ�XLIWI�ETTVSEGLIW�XS�REXYVI�FEWIH�WSPYXMSRW�LEZI�XLI�EWWSGMEXIH�VMWO�
SJ�MQTIVQERIRGI�HYI�XS�[MPHƼVIW��HIPMFIVEXI�HIJSVIWXEXMSR�SV�GLERKIH�EKVMGYPXYVEP�
TVEGXMGIW��7GMIRXMƼG�QSHIPPMRK�LMKLPMKLXW�XLI�MQTSVXERGI�SJ�OIITMRK�I\MWXMRK�GEVFSR�
sinks intact as the effectiveness of carbon sinks is likely to degrade with increasing 
CO2 emissions.7 Mechanisms to manage these risks are needed, like existing tempo-
VEV]�'IVXMƼIH�)QMWWMSR�6IHYGXMSR�GVIHMXW��WYGL�EW�X')6W
��SV�JSVIWX�FYJJIV�^SRIW��
IWTIGMEPP]�MJ�XLIWI�TVSNIGXW�EVI�XLI�FEWMW�SJ�ƼRERGMEP�TVSHYGXW��WYGL�EW�GEVFSR�GVIHMXW��
or offsets.

 č Technological solutions capturing CO2 emissions from the atmosphere, such as 
Direct Air Carbon Capture and Sequestration (DACCS) or from Bio-Energy CCS, or 
from industrial processes which are biogenic such as fermentation, often collec-
XMZIP]� VIJIVVIH� XS�EW�&MSQEWW�'EVFSR�6IQSZEP�
�7XSVEKI� �&MG67
��8LMW� MW�HIƼRIH�
as processes that use biomass to remove CO2 from the atmosphere, store the CO2 
underground or in long-lived products, and do no damage to—and ideally promote—
food security, rural livelihoods and biodiversity.8

The transportation and storage of CO2 at scale and permanently in geological reser-
voirs uses a set of technologies which are both feasible, and have been technically 
demonstrated. The Alliance position is that we should not rely solely on technical 
carbon removal solutions as they are still to be developed at the scale required to 
GVIEXI�IƾGMIRGMIW�ERH�VIHYGI�XLI�GSWX�XS�VIQSZI�IRSYKL�'32. Nevertheless, the 
further development of these technologies needs to be keenly pursued. 

There are some issues associated with these technical CDR approaches which need 
to be addressed in any future developments. Bio-Energy CCS (BECCS) is land and 
potentially water intensive, and limited in spatial suitability, but could, in appropriate 

�� -4''�6ITSVX��'PMQEXI�'LERKI�������8LI�4L]WMGEP�7GMIRGI�&EWMW��7YQQEV]�JSV�4SPMG]QEOIVW��;SVOMRK�+VSYT��-�
GSRXVMFYXMSR�XS�XLI�7M\XL�%WWIWWQIRX�6ITSVX�SJ�XLI�-RXIVKSZIVRQIRXEP�4ERIP�SR�'PMQEXI�'LERKI��7IGXMSR�&����
pg SPM25

�� -')*������6SEHQET��&MSQEWW�'EVFSR�6IQSZEP�ERH�7XSVEKI��&M'67
�icef.go.jp/roadmap/ 
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circumstances and with adequate safeguards, provide CO2 removal. However, the 
viability of BECCS for large scale emissions removals is questionable due to potential 
negative impacts on food security, rural livelihoods and biodiversity. The focus should 
now be on implementing BiRCS as an alternative CDR option.

DACCS is expensive and energy intensive but has large potential if cost-reductions 
SGGYV�[MXL�IGSRSQMIW�SJ�WGEPI��-X�EPWS�LEW�JI[IV�ERH�PIWW�WIZIVI�IGSW]WXIQ�GSQTI-
tition impacts than BECCS.

BECCS, BiRCS and DACCS will require storage sites and the costs of storage will be 
WMKRMƼGERXP]�VIHYGIH�EW�QSVI�WXSVEKI�WMXIW�FIGSQI�EZEMPEFPI��)WTIGMEPP]�EW�''97�
schemes for abatement are implemented at scale to reduce emissions, their storage 
capacity can then also be accessed for CDR purposes.



The Net in Net Zero: The role of negative emissions in achieving climate alignment for asset owners 10

3. 9WI�SJ�GEVFSR�GVIHMXW�
EW�GSQTPIQIRXEV]�
MRWXVYQIRXW�ERH�
engagement with 
TSPMG]QEOIVW

'EVFSR�GVIHMXW�EVI�GSQTPIQIRXEV]�MRWXVYQIRXW�
Achieving global net zero and aligning to a 1.5°C pathway requires following a robust 
decarbonization path alongside permanent neutralisation of residual emissions. Further-
more, the Alliance recognizes that compensating for all unabated emissions on the 
path to net zero will and must be embedded in the real economy but must only ever be 
complementary and additional to net-zero strategies and decarbonization efforts. 

6IXMVMRK�LMKL�UYEPMX]��GIVXMƼIH�GEVFSR�GVIHMXW�EPPS[W�GSQTERMIW�XS�RIYXVEPM^I��VIQSZEP�
credits) or compensate (avoidance or reduction credits) for emissions. 

The Alliance endorses the ‘High Ambition Path to Net-Zero’ statement made by the Prin-
GMTEPW�SJ�XLI�8EWOJSVGI�SR�7GEPMRK�:SPYRXEV]�'EVFSR�1EVOIXW��87:'1
��GEPPMRK�SR�ƼVQW�
to neutralize and compensate their emissions on the path to net zero, on top of their 
primary obligation to decarbonize.9 Asset owners should not use carbon credits to meet 
their decarbonization targets at portfolio level and should report any offsets separately.

To this end, the Alliance supports scalable, transparent, liquid, reliable and high-quality 
carbon markets and therefore welcomes initiatives such as undertaken by the TSVCM.10 
-RGVIEWIH�GEVFSR�GVIHMX�UYEPMX]�[MPP�PIEH�XS�LMKLIV�GEVFSR�SJJWIXXMRK�TVMGIW��[LMGL�[MPP�MR�
turn drive companies towards further decarbonization efforts in their operations. Current 

9 Taskforce on Scaling Voluntary Carbon Markets news release May 21 2021 “Taskforce on Scaling Voluntary 
'EVFSR�1EVOIXW�8EOIW�7XITW�*SV[EVH�MR�'VIEXMSR�SJ�,MKL�-RXIKVMX]�1EVOIX�JSV�'EVFSR�8VEHMRK�[MXL�0EYRGL�SJ�
New Consultation” MMJ�GSQ�XWZGQ�1EMR�4EKI�4YFPMGEXMSRW�-(������8EWOJSVGI�SR�7GEPMRK�:SPYRXEV]�'EVFSR�
1EVOIXW�8EOIW�7XITW�*SV[EVH�MR�'VIEXMSR�SJ�,MKL�-RXIKVMX]�1EVOIX�JSV�'EVFSR�8VEHMRK�[MXL�0EYRGL�SJ�2I[�
Consultation

10 Taskforce on Scaling Voluntary Carbon Markets, Final Report January 2021 iif.com/Portals/1/Files/TSVCM_
Report.pdf 
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efforts to ensure and improve the quality of the voluntary carbon market require consid-
erably more attention, requiring standards, protocols and methodologies developed by 
I\TIVXW�[LS�EVI�MRHITIRHIRX��RSR�GSRƽMGXIH�ERH�RSR�QEVOIX�TEVXMGMTEXMRK�

;LIR�YWMRK�GEVFSR�GVIHMXW�
 č Prioritize removals/sequestration over reduction/avoidance: Most of the offsets 

currently available are emissions reductions/avoidance, but carbon removals/seques-
tration should also be the focus towards net-zero goals. To do this, the underlying 
accounting methodology also needs to be improved. Currently removals accounting 
is not based on removal logic, but largely uses avoidance logic.

 č Permanence: Long-term vs short-term: short-term impermanent storage can only 
serve as a bridge to implementing long-term permanent storage solutions; 

 č Nature-based vs technology: Nature already naturally removes around 41% of annual 
GHG emissions 11 so protecting the existing carbon sinks is vital, following approaches 
like Reducing Emissions from Deforestation and Forest Degradation (REDD+). This 
may be achieved through issuing avoidance credits (if meeting additionality require-
ments) and through other methods of managing the risks of deforestation whether 
EGGMHIRXEP��[MPHƼVI
�SV�HIPMFIVEXI��JSVIWX�GPIEVMRK�HIKVEHEXMSR
��2EXYVI�FEWIH�WSPY-
tions should be further developed in a manner that maximizes their potential comple-
QIRXEV]�IRZMVSRQIRXEP�ERH�WSGMSIGSRSQMG�FIRIƼXW��1IGLERMWQW�XLEX�MRGIRXMZM^I�
carbon sequestration at the cost of other factors, such as biodiversity, water secu-
VMX]�SV�MRHMKIRSYW�PERH�VMKLXW��WLSYPH�FI�EZSMHIH��-R�GEWI�REXYVI�FEWIH�WSPYXMSRW�EVI�
commercially used, sustainable and long-term utilization of the proceeds should be 
pursued. Sustainable management can mitigate climate risks and risk of CDR rever-
sal. For example, the permanence of sustainably harvested timber when used as a 
construction material will play an important role in a low carbon economy.

 č Technology based removal and storage solutions have been demonstrated as tech-
nically feasible, but they need to be implemented at scale in order to achieve scale 
economies and reduce costs to make them viable. When this happens, they will be 
an important additional tool on the path to decarbonization especially as the perma-
nence of storage is high. Therefore, further research and development as well as 
ƼRERGMEP�WYTTSVX�MR�I\TPSVMRK�ERH�I\TERHMRK�XIGLRSPSKMGEP�WSPYXMSRW�MW�RIIHIH�

 č To the extent reduction and avoidance credits are used, integrity of the projects is of 
TEVEQSYRX�MQTSVXERGI��IWTIGMEPP]��LMKL�UYEPMX]�ZIVMƼGEXMSR�SJ�I\MWXIRGI��EZSMHERGI�
of double-counting; thorough additionality testing; avoidance of leakage; and credible 
baselines to avoid over-crediting.12 A clear pathway towards phasing-out of these 
credits along the trajectory to achieve global net zero by 2050 is needed to ensure 
permanent GHG removals from the atmosphere to halt global warming sustainably.

11 Friedlingstein et al (2020), Global Carbon Budget 2020, Earth Syst. Sci. Data, 12, 3269–3340, 2020 and associ-
ated non-CO2 budget papers.

12 leafcoalition.org/
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 č Companies employing any sort of credits are expected to transparently disclose 
both absolute emissions and emissions minus removals, as well as the type of credit 
used. Companies claiming to be on a ‘net-zero’ pathway cannot rely on avoidance and 
VIHYGXMSR�GVIHMXW��-J�GPEMQW�FEWIH�SR�XLIWI�GVIHMXW�EVI�XS�FI�QEHI��GSQTERMIW�WLSYPH�
communicate that they have not yet eliminated all of their emissions, but are planning 
XS�GSQTIRWEXI�XLIMV�IQMWWMSRW�JSV�E�KMZIR�TIVMSH�F]�LEZMRK�ƼRERGIH�PS[IV�IQMWWMSRW�
elsewhere (subject to meeting all aforementioned quality criteria). These credits will 
ƼRERGI�QYGL�RIIHIH�GPMQEXI�QMXMKEXMSR�EGXMSR�ERH�WYTTSVX�XLI�KPSFEP�XVERWMXMSR�XS�E�
zero-carbon future and represent a temporary measure until the companies are able 
to undertake the steps needed to eliminate emissions entirely.

8LI�GEVFSR�GVIHMX�QEVOIX��QEXYVMX]��MRHYWXVMEPMWEXMSR�
ERH�XVERWTEVIRG]
-R�XLI�EFWIRGI�SJ�E�KPSFEP�GEVFSR�XE\��GEVFSR�GVIHMXW�GER�EGX�EW�E�QEVOIX�TVS\]��KVS[MRK��
institutionalizing, formalizing and increasing the transparency and integrity of voluntary 
GEVFSR�QEVOIXW��-R�XLMW�GSRXI\X��GVIEXMRK�ZSPYRXEV]�GEVFSR�QEVOIXW�TPE]W�E�WMKRMƼGERX�
role in bringing the carbon price to adequate levels. However, given the voluntary nature, 
the carbon price will be self-imposed and not uniformly applied across industries or 
GSQTERMIW��ERH�YRPIWW�E�GSQTER]�GSQQMXW�XS�E�LMKL�WLEHS[�TVMGI��MX�[MPP�RSX�FI�Iƾ-
cient in driving necessary decarbonization. Companies should therefore have an obliga-
tion to know, understand, and disclose elements of their marginal abatement cost curve, 
including the cheapest mitigation options available (in dollars per ton of CO2), to avoid 
voluntary markets losing integrity and becoming ineffective strategies.

With CDR entering the markets, it will be possible to oblige emitters not only to offset 
their current emissions, but also to commit to paying for the removal of carbon equiv-
alent emissions at a later stage.13 The price for such carbon removal obligations will 
depend on how long the carbon remains in the atmosphere. Managing this carbon ‘debt’ 
and associated risks will require additional markets, policies and performance mandates.

7XVSRK�TSPMG]�WYTTSVX�[MPP�FI�GVYGMEP
Strong policy support will be crucial to developing and scaling up the negative emis-
sions technologies outlined in this paper. Experience from policy implementation in other 
PS[�GEVFSR�WIGXSVW�WYKKIWXW�XLEX�XLI�IJJIGXMZI�TSPMG]�JSVQYPE�MW�ƼRERGMEP�MRGIRXMZIW���
mandates for deployment or performance.

13 Bednar, J., Obersteiner, M., Baklanov, A. et al. Operationalizing the net-negative carbon economy. Nature (2021). 
doi.org/10.1038/s41586-021-03723-9
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Financial incentives, through a price on carbon, subsidies or tax rebates have been vital 
to accelerating the deployment of renewables and electric vehicles, alongside the deploy-
ment of new mandates such as renewable portfolio standards and phase out commit-
QIRXW�SR�MRXIVREP�GSQFYWXMSR�IRKMRI�ZILMGPIW�ɸ�8LMW�ƈMRGIRXMZIW���QERHEXIƉ�ETTVSEGL�
could also be applied to the development of negative emissions technologies. 

Other policy measures that the Alliance advocates for include:

 č A near term focus on applications with low barriers to deployment, but also starting 
XS�HIƼRI�WSPYXMSRW�XS�ETTPMGEXMSRW�[MXL�LMKLIV�FEVVMIVW�XS�HITPS]QIRX�

 č A consistent long-term climate policy with national roadmaps, targets, industrial strat-
IKMIW�ERH�MRXIVREXMSREP�GSQQMXQIRXW�XS�HIZIPST�MRZIWXSV�ERH�WXEOILSPHIV�GSRƼHIRGI�
in long-term energy policy;

 č A price on carbon that rises over time and other well thought out policy support mech-
anisms (e.g. payment for ecosystem services) that close the price gap and make 
projects investable; 14

 č -RGVIEWIH�MRZIWXQIRX�MR�VIWIEVGL�ERH�HIZIPSTQIRX�ERH�WXVEXIKMG�HIQSRWXVEXMSR�TVSN-
ects, through public procurement, to drive innovation, help address technical chal-
lenges and reduce deployment costs;

 č The restoration of degraded land through the bolstering of existing enforcement 
authorities and dedicated environmental restoration programmes; and

 č The promotion and uptake of soil carbon sequestration management practices. 

Carbon pricing has been most effective in reducing emissions when a readily available 
WYFWXMXYXI�MW�EPVIEH]�GSQQIVGMEP��I�K���XLI�)9�)87�HVMZMRK�XLI�W[MXGL�JVSQ�GSEP�XS�VIRI[-
ables) and works less well where the alternative technology isn’t yet commercially devel-
oped (e.g. aviation). This suggests that a policy response is necessary, which includes, 
and goes beyond carbon pricing. A rising price, rather than simply a price on carbon is, 
in the medium to long-term, the most effective economic measure that will drive the 
investment, substitution and behavioural changes required to achieve a net-zero, 1.5°C 
degree world.

14� 7II�92)4�*-�ERH�46-�ƈ(MWGYWWMSR�TETIV�SR�+SZIVRQIRXEP�'EVFSR�4VMGMRKƉ�92�'SRZIRIH�2IX�>IVS�%WWIX�3[RIV�
Alliance YRITƼ�SVK�[SVHTVIWW�[T�GSRXIRX�YTPSEHW���������*-2%0�%3%�(MWGYWWMSR�TETIV�SR�KSZIVRQIR-
tal-carbon-pricing.pdf
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4. +PSWWEV]

Abatement: Elimination of sources of emissions within a company’s value-chain, for 
I\EQTPI� WSQI� X]TIW� SJ� ''97� WGLIQI�� (YVMRK� E� GSQTER]ƅW� XVERWMXMSR� XS� RIX� ^IVS��
compensation and neutralisation measures may supplement, but not substitute, reduc-
ing value chain emissions in line with science. At the time that net zero is reached, 
emissions that are not feasible for society to abate may be neutralized with equivalent 
measure of carbon dioxide removals (CDR).

Additionality: A term usually used in the context of carbon credits and their quality i.e. 
that the mitigation activity would not have taken place in the absence of the added 
MRGIRXMZI�GVIEXIH�F]�XLI�GEVFSR�GVIHMXW��'EVFSR�ƼRERGI�HIGMWMSRW�RIIH�XS�FI�GEVIJYPP]�
EWWIWWIH�SR�ER�MRHMZMHYEP�FEWMW�EW�XLI]�GER�TVSHYGI�FSXL�GS�FIRIƼXW�ERH�GSPPEXIVEP�
impacts that can affect other sustainable development goals. 

Afforestation/reforestation (AR): Planting of forests on lands that have not historically 
contained forests or that have previously contained forests. AR is commonly depicted 
as the largest contributor to land-use related carbon sequestration, although active 
growth is required for net-negative capture of carbon dioxide. Mature forests tend to be 
MR�GEVFSR�IUYMPMFVMYQ��EW�Ƽ\MRK�SJ�GEVFSR�HMS\MHI�F]�TLSXSW]RXLIWMW��MW�FEPERGIH�F]�IQMW-
sions of greenhouse gases through decay of older dead and composting plant material.

Avoided: Avoided emissions are emission reductions that occur outside of a product’s 
life cycle or value chain, but as a result of the use of that product.15 Avoided emissions 
refer to emissions that have been avoided thanks to activities such as conservation 
and protecting forests from deforestation, or the development of low carbon technol-
ogy/product decreasing the amount of GHG emitted for the same service. Examples 
of avoided emissions could such as some types of products (goods and services) that 
EZSMH�IQMWWMSRW�MRGPYHI�PS[�XIQTIVEXYVI�HIXIVKIRXW��JYIP�WEZMRK�XMVIW��IRIVK]�IƾGMIRX�
ball bearings, and teleconferencing services. Other terms used to describe avoided emis-
sions include, but are not limited to, climate positive and net-positive accounting. 

15 Greenhouse Gas Protocol, (2014). GHG Protocol Standard on Quantifying and Avoided Emissions Summary of 
online survey results. ŐŚŐƉƌŽƚŽĐŽů͘ŽƌŐͬƐŝƚĞƐͬĚĞĨĂƵůƚͬĮůĞƐͬŐŚŐƉͬ�ǀŽŝĚĞĚйϮϬĞŵŝƐƐŝŽŶƐйϮϬƐƵƌǀĞǇйϮϬƌĞƉŽƌƚͺĮŶĂůйϮϬ
ĚƌĂŌ͘ƉĚĨ 
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Carbon Capture Use and Storage (CCUS):�''97�MW�ER�EFEXIQIRX�QIXLSH�SJ�EZSMHMRK�
carbon dioxide emissions from industrial processes by capturing and using or storing 
XLI�GEVFSR�HMS\MHI��XLIVIF]�TVIZIRXMRK�MX�JVSQ�FIMRK�VIPIEWIH�MRXS�XLI�EXQSWTLIVI��-R�
WSQI�GEWIW�[LIR�E�''97�WXSVI�MW�PMROIH�XS�E�(MVIGX�%MV�'ETXYVI�YRMX��(%'
�SV�XLVSYKL�
the capture of emissions used in the production and use of bio-energy (BECCS), or 
BiRCS processes, then CCS can also be considered a carbon dioxide removals (CDR) 
TVSGIWW��%�''97�WGLIQI�JSV�EFEXIQIRX��SV�GEVFSR�VIHYGXMSR��X]TMGEPP]�GSQTVMWIW�XLVII�
major processes;

 č Capturing CO2 from stationary emission sources (e.g. power plants, cement plants, 
MVSR� 
� WXIIP� TPERXW� VIƼRIV]� TPERXW�� L]HVSKIR� TVSHYGXMSR� TPERXWƂWXIEQ�QIXLERI�
reforming—“blue” hydrogen production),16

 č Transporting CO2 to a storage site (e.g. by pipeline, rail, or by ship), and

 č -RNIGXMRK�'32 into geological formations deep underground (e.g. depleted oil and gas 
ƼIPHW��WEPMRI�EUYMJIV�JSVQEXMSRW���Ɓ�OQ�FIRIEXL�XLI�IEVXLƅW�WYVJEGI
�JSV�WIGYVI�WXSV-
EKI��-R�[IPP�WMXIH��VIKYPEXIH�ERH�TIVQMXXIH�''97�WXSVIW��XLI�WXSVEKI�GER�FI�IJJIGXMZIP]�
permanent.17

Carbon Credit: An emissions unit that is issued by a carbon crediting program and 
represents an emission reduction or removal of greenhouse gases. Carbon credits are 
uniquely serialized, issued, tracked, and cancelled by means of an electronic registry.18 
The term can also be used as an umbrella term for voluntary offsets and various forms 
SJ�GSQTPMERGI�GEVFSR�GVIHMX��WYGL�EW�XLI�)9�%PPS[ERGI��)9%
�XVEHMRK�YRMXW�YRHIV�XLI�)9�
Emissions Trading Scheme (ETS).

Carbon Dioxide Removal (CDR)��8LI�-4''�HIƼRIW�'(6�EW�ƈERXLVSTSKIRMG�EGXMZMXMIW�
removing CO2 from the atmosphere and durably storing it in geological, terrestrial, or 
ocean reservoirs, or in products.” Also known as Negative Emissions. 

Carbon Offset: (See also Carbon Credit) A carbon offset is a reduction in emissions of 
carbon dioxide or other greenhouse gases made in order to compensate for emissions 
made elsewhere.19 The term usually refers to voluntary carbon markets, not compli-
ance-driven regimes like cap and trade schemes.

Compensate: Measurable climate mitigation outcomes resulting from actions outside of 
the value-chain of a company, compensating for emissions that remain unabated within 
the value-chain of a company.20

16� (IPMZIVMRK�'PIER�+VS[XL��''97�'SWX�'LEPPIRKI�8EWOJSVGI�6ITSVX��.YP]������gov.uk/government/publications/
delivering-clean-growth-ccus-cost-challenge-taskforce-report

17 “Estimating geological CO2 storage security to deliver on climate mitigation” by Alcalde, J., Flude, S., Wilkinson, M. et 
al. Nat Commun 9, 2201 (2018). doi.org/10.1038/s41467-018-04423-1 nature.com/articles/s41467-018-04423-1 

18� ;LEX�QEOIW�E�LMKL�UYEPMX]�GEVFSR�GVIHMX#�4LEWI���SJ�XLI�ƈ'EVFSR�'VIHMX�+YMHERGI�JSV�&Y]IVWƉ�TVSNIGX��(IƼRMXMSR�
SJ�GVMXIVME�JSV�EWWIWWMRK�XLI�UYEPMX]�SJ�GEVFSR�GVIHMXW�F]�7GLRIMHIV�IX�EP�������;SVPH�;MPHPMJI�*YRH��;;*�97
��
)RZMVSRQIRXEP�(IJIRWI�*YRH��)(*
�ERH�3IOS�-RWXMXYX
�G�������WWP�GJ��VEGOGHR�GSQ�TYFPMGEXMSRW������ƼPIW�
original/What_Makes_a_High-quality_Carbon_Credit.pdf?1591405169

19� ;LEX�EVI�3JJWIXW#�-R�'36)��'EVFSR�3JJWIX�VIWIEVGL�ERH�)HYGEXMSR�F]�7XSGOLSPQ�)RZMVSRQIRX�-RWXMXYXI�ERH�+,+�
1EREKIQIRX�-RWXMXYXI�co2offsetresearch.org/consumer/index.html 

20� %�GVSWW�WIGXSV�KYMHI�JSV� MQTPIQIRXMRK�XLI�1MXMKEXMSR�,MIVEVGL]��'VSWW�7IGXSV�&MSHMZIVWMX]�-RMXMEXMZI�F]�.SR�
Ekstrom, Leon Bennun and Robin Mitchell, 2015. GWFM�SVK�YO�[T�GSRXIRX�YTPSEHW���������'7&-�1MXMKEXMSR�,M-
erarchy-Guide.pdf 
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Decarbonization: Measures that prevent the release of CO2 emissions associated with 
electricity, industry and transport.

European Union Allowance (EUA)��8LI�XVEHEFPI�YRMX�YRHIV�XLI�)YVSTIER�9RMSR�)QMW-
WMSRW�8VEHMRK�7GLIQI��)9�)87
��KMZMRK�XLI�LSPHIV�XLI�VMKLX�XS�IQMX�SRI�XSRRI�SJ�GEVFSR�
dioxide (CO2), or the equivalent amount of two more powerful greenhouse gases, nitrous 
oxide (N23
�ERH�TIVƽYSVSGEVFSRW��4*'W
��%VXMGPI���E
�SJ�XLI�)9�)87�(MVIGXMZI�HIƼRIW�XLI�
emission allowance as being “an allowance to emit one tonne of carbon dioxide equiva-
PIRX�HYVMRK�E�WTIGMƼIH�TIVMSH��[LMGL�WLEPP�FI�ZEPMH�SRP]�JSV�XLI�TYVTSWIW�SJ�QIIXMRK�XLI�
requirements of this Directive and shall be transferable in accordance with the provisions 
of this Directive”.21

GHG Emissions Reduction Targets: Goals set by an organisation or political actor, which 
aim to reduce the organisation, or political actor’s direct or indirect emissions by a spec-
MƼIH�EQSYRX�

Greenwashing��+VIIR[EWLMRK�MW�HIƼRIH�EW�MW�XLI�SZIVWXEXMRK�SJ�XLI�IRZMVSRQIRXEPP]�SV�
WSGMEPP]�GSRWGMSYW�EXXVMFYXIW�SJ�E�ƼVQƅW�SJJIVMRK�ERH�SV�XLI�YRHIVWXEXMRK�SJ�XLI�RIKEXMZI�
EXXVMFYXIW�JSV�XLI�ƼVQƅW�FIRIƼX��

Mitigation: The mechanism by which a corporation reduces its impact on the climate 
or contributes to societal transition to net zero. This includes abatement, neutralisation, 
and compensation.

Neutralisation: Halting the accumulation of emissions in the atmosphere. Neutralisation 
of unabated emissions can only occur through negative emissions.

Permanence: The robustness of a net-zero strategy that relies heavily on negative emis-
sions depends on the effectiveness of the underlying CO2 removal and, especially, on 
the permanence of the stored carbon.

Reduction: Reducing an organisation’s, or political actor’s direct or indirect emissions 
(see also GHG Emissions Reduction Targets).

Residual emissions: GHG emissions that remain unabated in scenarios that limit warm-
ing to 1.5°C with low/no overshoot.

Value chain emissions��%�GSQTER]ƅW�WGSTI�������ERH���IQMWWMSRW�EW�HIƼRIH�F]�XLI�+,+�
Protocol accounting standard.

21� (IƼRMXMSR�JVSQ�XLI�)QMWWMSRW�)9)87�GSQ emissions-euets.com/carbon-market-glossary/871-eua
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��� %GVSR]QW

AFOLU %KVMGYPXYVI��*SVIWXV]��ERH�0ERH�9WI�
AOA Net-Zero Asset Owners’ Alliance
BECCS Bio-Energy Carbon Capture and Storage 
BiCRS Biomass Carbon Removal & Storage
CCUS 'EVFSR�'ETXYVI�9WI�ERH�7XSVEKI�
CDR Carbon Dioxide Removal
DACCS Direct Air Carbon Capture and Sequestration
EUA )YVSTIER�9RMSR�%PPS[ERGI
ETS )9�)QMWWMSRW�8VEHMRK�7GLIQI
GHG Greenhouse Gas
IPCC 8LI�-RXIVKSZIVRQIRXEP�4ERIP�SR�'PMQEXI�'LERKI
NCS Natural Climate Solutions
REDD+ Reducing Emissions from Deforestation and Forest Degradation
SBTi 7GMIRGI�&EWIH�8EVKIXW�-RMXMEXMZI
tCER XIQTSVEV]�'IVXMƼIH�)QMWWMSR�6IHYGXMSR
TSP Net-Zero Asset Owners’ Alliance Target Setting Protocol
TSVCM Taskforce for Scaling the Voluntary Carbon Markets
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6. %TTIRHM\

%���� 4EXL[E]W�XS�2IX�>IVS
Large-scale carbon dioxide removal (CDR) is a key component of most climate change 
QMXMKEXMSR�TEXL[E]W�XLEX�PMQMX�KPSFEP�[EVQMRK�XS����q'��8LI�-RXIVKSZIVRQIRXEP�4ERIP�SR�
'PMQEXI�'LERKI��-4''
�WXEXIW�XLEX��

ƈ%PP�EREP]WIH�TEXL[E]W�PMQMXMRK�[EVQMRK�XS����q'Ə�
YWI�'(6��'EVFSR�(MS\MHI�6IQSZEP
�XS�WSQI�I\XIRX�
XS�RIYXVEPM^I�IQMWWMSRW�JVSQ�WSYVGIW�JSV�[LMGL�RS�
QMXMKEXMSR�QIEWYVIW�LEZI�FIIR�MHIRXMƼIHƏ��8LI�PSRKIV�
XLI�HIPE]�MR�VIHYGMRK�'32�IQMWWMSRW�XS[EVHW�^IVS��
XLI�PEVKIV�XLI�PMOIPMLSSH�SJ�I\GIIHMRK����q'��ERH�XLI�
LIEZMIV�XLI�MQTPMIH�VIPMERGI�SR�RIX�RIKEXMZI�IQMWWMSRW�
EJXIV�QMH�GIRXYV]�XS�VIXYVR�[EVQMRK�XS����q'�Ɖ22

Limiting global warming to staying within the well below 2°C Paris consensus therefore 
requires the prioritisation of either CDR or the shutting down of technologies without 
having a replacement for them within the next decades. 

Three of the indicative pathways (P1 to P3) to 1.5°'�JVSQ�XLI�-4''ƅW�GEPGYPEXMSRW�WLS[R�
MR�*MKYVIW����WII�WIGXMSR���Ƅ-RXVSHYGXMSRƅ
�ERH��%��FIPS[
�EVI�EPWS�VITVIWIRXIH�MR�XLI�
Net-Zero Asset Owners Alliance Target Setting Protocol. 

8LI�ƼVWX�TEXL[E]��4�
��EPXLSYKL�RSX�IRXMVIP]�EFWIRX�SJ�SJJWIXW��GSQIW�GPSWIWX�XS�XLI�
vision for “real zero.” For this scenario to work in practice, we would need global CO2 
emissions to peak around now, and then decline by about 8% per year for the next 30 
years. By contrast, in 2020 during the pandemic and global lockdown, global emis-
sions decreased by only about 7%23 (with a global GDP of about -3.6%24). So, in order to 

22� 6SKIPN��.���(��7LMRHIPP��/��.MERK��7��*MƼXE��4��*SVWXIV��:��+MR^FYVK��'��,ERHE��,��/LIWLKM��7��/SFE]EWLM��)��/VMIKPIV��
L. Mundaca, R. Séférian, and M.V.Vilariño, 2018: Mitigation Pathways Compatible with 1.5°C in the Context of 
7YWXEMREFPI�(IZIPSTQIRX��-R��+PSFEP�;EVQMRK�SJ����q'��%R�-4''�7TIGMEP�6ITSVX�SR�XLI�MQTEGXW�SJ�KPSFEP�[EVQ-
ing of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context 
of strengthening the global response to the threat of climate change, sustainable development, and efforts 
to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. 
1SYJSYQE�3OME��'��4ʣER��6��4MHGSGO��7��'SRRSVW��.�&�6��1EXXLI[W��=��'LIR��<��>LSY��1�-��+SQMW��)��0SRRS]��8��
1E]GSGO��1��8MKRSV��ERH�8��;EXIVƼIPH��IHW�
A��-R�4VIWW��ƈ+PSFEP�;EVQMRK�SJ�����(IKVII�'IPWMYW�Ɖ�-4''�

23 https://www.nature.com/articles/s41558-020-0797-x
24 https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
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achieve the nearly “real zero” P1 pathway, we would need to do better than the global 
lockdown in every single year between now and 2050. Current trends very worrisomely 
indicate that that the likely outcome of pursing P1, but failing to achieve it, would be to 
exceed the 1.5°C temperature rise scenario.

8LI�WGMIRGI�MRHMGEXIW�[MXL�E�LMKL�PIZIP�SJ�GSRƼHIRGI�XLEX�SJJWIXW�[MPP�FI�ER�MQTSVXERX�
tool for achieving a 1.5°C scenario, and so should not be ignored or delayed. The Target 
Setting Protocol developed by the Net-Zero Asset Owner Alliance outlines the essential 
nature of not only decarbonizing but doing so rapidly. Scenario analysis on the extent of 
portfolio decarbonization required by certain milestones en route to net-zero emissions 
by 2050—especially the approximately 50% decline in anthropogenic CO2 emissions 
required by 203025ƂMRHMGEXI�XLI�RIGIWWMX]�SJ�E�XMQIP]�XVERWMXMSR��-RXIVMQ�XEVKIX�WIXXMRK��E�
HIƼRMRK�IPIQIRX�SJ�XLI�8EVKIX�7IXXMRK�4VSXSGSP�[LMGL�LEW�FIIR�VIJIVVIH�XS�EW�XLI�ƈKSPH�
WXERHEVHƉ�F]�92�7IGVIXEV]�+IRIVEP�%RXʬRMS�+YXIVVIW26 is intended to safeguard the time-
liness and rapid execution of the transition. 

The timeline for implementation on Carbon Dioxide Removal (CDR) technologies will 
LEZI�E�WMKRMƼGERX�MQTEGX�SR�RSX�SRP]�XLI�PMOIPMLSSH�SJ�EGLMIZMRK�RIX�^IVS�F]�������FYX�
on the ability to course correct in the event of those targets being missed. Larger over-
WLSSXW�[MPP�VIUYMVI�KVIEXIV�EQSYRXW�SJ�'(6�XS�VIQEMR�SR�XVEGO��[MXL�XLI�-4''�WXEXMRK�
that “limitations on the speed, scale, and societal acceptability of CDR deployment hence 
determine the ability to return global warming to below 1.5°C following an overshoot.”

*MKYVI�%���+PSFEP�XSXEP�RIX�IQMWWMSRW�TEXL[E]W��

7SYVGI��-4''�7TIGMEP�VITSVX�SR�9RHIVWXERHMRK�+PSFEP�;EVQMRK�SJ����q'��7YQQEV]�JSV�4SPMG]QEOIVW�
MTGG�GL�WV���GLETXIV�WTQ��

25� -4''�7TIGMEP�VITSVX�SR�9RHIVWXERHMRK�+PSFEP�;EVQMRK�SJ����q'��7YQQEV]�JSV�4SPMG]QEOIVW�ipcc.ch/sr15/chap-
ter/spm/ 

26� 92�7IGVIXEV]�+IRIVEP��-RWXMXYXMSREP�-RZIWXSVW�'VYGMEP�JSV�2IX�>IVS�un.org/en/climate-action/sg-institutional-in-
vestors-crucial-net-zero 
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-4''�VITSVXW�HIQSRWXVEXI�XLEX�EPP�TEXL[E]W�[MXL�PMQMXIH�SV�RS�SZIVWLSSX�[MPP�VIUYMVI�XLI�
cumulative removal of 100–1000 GtCO2 (gigatons of carbon dioxide) from the atmo-
sphere (until 2100).27 These pathways account for carbon removal in various forms 
(discussed below), but the common theme is that all of these sources of negative emis-
sions will need time to be fully realized.

There is a wide variance in the maturity, cost, impact, and risk associated with these 
technologies. With risks and trade-offs associated with each, pathways to decarbon-
ization recognize that none of these approaches are entirely predictable in terms of the 
WGEPI�SJ�XLIMV�YWEKI�SV�IƾGEG]��ERH�XLEX�QYPXMTPI�ETTVSEGLIW�XS�'(6�[MPP�XLIVIJSVI�FI�
necessary if the solutions are to match the scale required. Like other forms of invest-
QIRX�MR�XLI�KVIIR�IGSRSQ]��MRZIWXQIRXW�MR�'(6�[MPP�VIUYMVI�HMZIVWMƼGEXMSR��

%���� 2IKEXMZI�)QMWWMSRW�8IGLRSPSKMIW�ERH� 
2EXYVI�&EWIH�7SPYXMSRW�JSV�'(6

As CDR solutions are capitalized and incorporated into portfolios of offset technologies, 
understanding the nature and trade-offs of each type of offset—especially given the 
perceptual differences in natural vs technological options—will be increasingly important. 

8IGLRSPSKMGEP�WSPYXMSRW
These involve capturing CO2 emissions from the atmosphere and storing them in deep 
underground geologic reservoirs. There are two main categories of technological CDR 
solutions:

 č Biomass Carbon Removal & Storage (BiCRS). These are processes that use biomass 
to remove CO2 from the atmosphere, this CO2 is then stored underground or used in 
PSRK�PMZIH�TVSHYGX��8S�EZSMH�GSRƽMGX�[MXL�SXLIV�WYWXEMREFMPMX]�KSEPW��XLI]�RIIH�XS�FI�
developed in a way that does not damage, and ideally promotes, food security, rural 
livelihoods, and biodiversity. 

 Č A subset of BiCRS is Bioenergy with carbon capture and storage (BECCS). In this 
process, purpose-grown plants and trees are harvested as biomass then burned 
to generate heat or electricity. The emissions are captured then stored. Alterna-
tively, biomass is converted into liquid fuels—known as biofuels. CO2 is released as 
TEVX�SJ�XLI�GLIQMGEP�TVSGIWW�ERH�MW�EKEMR�GETXYVIH�ERH�WXSVIH��-R�FSXL�GEWIW��RIKE-
tive emissions are generated as biomass draws carbon from the atmosphere as 
MX�KVS[W��%�''97�TS[IV�WXEXMSR�JYIPIH�F]�FMSQEWW�SV�''97�JEGMPMXMIW�XLEX�TVSGIWW�
biomass into biofuels would both be considered BECCS technology.

27� -4''�7TIGMEP�VITSVX�SR�9RHIVWXERHMRK�+PSFEP�;EVQMRK�SJ����q'��7YQQEV]�JSV�4SPMG]QEOIVW�ipcc.ch/sr15/chap-
ter/spm/ 
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 Č &)''7�[EW�MHIRXMƼIH�MR�XLI�-4''����q'�6ITSVX�EW�XLI�QEMR�'(6�QIGLERMWQ�XS�
GSQTP]�[MXL�XLI�4EVMW�%KVIIQIRX�XMQIJVEQI��-XW�VSPI�EW�E�QENSV�'(6�QIGLERMWQ�MW�
constrained as it is land and potentially water intensive and limited in spatial suitabil-
MX]��9RHIV�ETTVSTVMEXI�GMVGYQWXERGIW�ERH�[MXL�EHIUYEXI�WEJIKYEVHW��&)''7�MX�GSYPH�
still provide CO2 removal, but the focus should now be on implementing BiCRS as an 
alternative CDR option.

 č Direct air carbon capture and storage (DACCS): This involves removing CO2 directly 
from the atmosphere using chemicals known as sorbents. A process called absorp-
tion dissolves CO2 into the sorbent. A second process is adsorption, where CO2 mole-
cules adhere to the surface of the sorbent material. The sorbents are treated so that 
the CO2 is released for sequestration. 

 Č The challenge with DACCS currently is that it is expensive and energy intensive, 
but it has large potential for cost-reductions, as scale economies reduce the costs, 
together with fewer and less severe ecosystem-competition impacts than BECCS.

The transportation and storage of CO2 at scale, permanently in geological reservoirs, 
is a set of technologies that are both feasible, and technically demonstrated. BECCS, 
&M'67�ERH�(%''7�[MPP�VIUYMVI�WXSVEKI�WMXIW�ERH�XLI�GSWXW�SJ�WXSVEKI�[MPP�FI�WMKRMƼGERXP]�
VIHYGIH�EW�QSVI�WMXIW�FIGSQI�EZEMPEFPI��)WTIGMEPP]�EW�''97�WGLIQIW��JSV�EFEXIQIRX��
are implemented at scale to reduce emissions and their storage capacity can then also 
be accessed for CDR purposes.

2EXYVI�FEWIH�WSPYXMSRW
 č Agriculture, Forestry, and Land-Use (AFOLU)—refers to afforestation, reforestation, 

agricultural land management, and other practices for creating natural carbon sinks; 
LS[IZIV��TIVQERIRG]�SJ�GYVVIRX�%*039�TVEGXMGIW�MW�ER�STIR�MWWYI�

%KVMGYPXYVI��*SVIWXV]�ERH�0ERH�9WI� �%*309
�GSRXVMFYXIW� XS�SRI� XLMVH�SJ�KPSFEP�IQMW-
sions,28 making this basket of human activities a key target area for emission reduction 
efforts. However, conservation and land management also represent vital opportuni-
ties to improve the planet’s carbon sequestration potential through the use of Natural 
Climate Solutions (NCS). These seek to use natural sinks and processes to seques-
ter carbon, relying on ecosystem services like photosynthesis and decomposition to 
GETXYVI�ERH�WXSVI�GEVFSR��2'7�XIRH�XS�FI�WMKRMƼGERXP]�GLIETIV�XLER�XLI�PEVKIP]�YRWGEPIH�
ERH�YRTVSZIR�XIGLRSPSKMIW�YWIH�MR�''97�ETTVSEGLIW��GSWXMRK�EVSYRH����Ɓ���TIV�X'32. 

;LIR�MQTPIQIRXIH�[IPP��2'7�LEZI�IRZMVSRQIRXEP�ERH�WSGMEP�FIRIƼXW�FI]SRH�GEVFSR�
sequestration. These include sustainable economic opportunities for local communi-
ties, the preservation of indigenous rights, improved resilience to climate change, and 
enhanced biodiversity.

28 ipcc.ch/site/assets/uploads/2019/11/SRCCL-Full-Report-Compiled-191128.pdf 
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As demonstrated in Figure A2 below, NCS tend to take two main approaches: 29

 č “Avoidance” of emissions caused by the damage or removal of existing natural carbon 
sinks like tropical forests, peatlands and mangroves;

 č “Restoration” of these natural sinks, for example through re-planting natural vegetation 
SV�VI�ƽSSHMRK�TIEX�ERH�[IXPERHW��SV�F]�VIWXSVMRK�WSMP�ERH�ZIKIXEXMSR�UYEPMX]�MR�EKVMGYP-
tural areas.

*MKYVI�%���8LI�EFEXIQIRX�TSXIRXMEP�SJ�2EXYVEP�'PMQEXI�7SPYXMSRW��2'7
��

7SYVGI��2EXYVI�ERH�2IX�>IVS��1E]�������;)*�;)*C'SRWYPXEXMSRC2EXYVICERHC2IXC>IVSC�����THJ�
�[IJSVYQ�SVK


The magnitude of the negative emissions potential of these approaches is shown in 
Figure A3 below.

29 WEF_Consultation_Nature_and_Net_Zero_2021.pdf (weforum.org)
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*MKYVI�%���2IKEXMZI�IQMWWMSRW�TSXIRXMEP�SJ�REXYVEP�GPMQEXI�WSPYXMSRW��

7SYVGI��GEVFSRFVMIJ�SVK�EREP]WMW�LS[�REXYVEP�GPMQEXI�WSPYXMSRW�GER�VIHYGI�XLI�RIIH�JSV�FIGGW

7SQI�SJ�XLI�QSWX�GSQQSRP]�WIIR�2'7�EVI�HIXEMPIH�FIPS[��GPEWWMƼIH�EW�EKVMGYPXYVI��
forest and wetland-based approaches.

%KVMGYPXYVI
Food production is both a major source of anthropogenic emissions (21–37% of global 
emissions come from pre- and post-production activities in the global food system30) 
and exposed to the physical impacts climate change may have on productivity. This 
complex relationship is compounded by a growing global population and correspond-
MRK�MRGVIEWIH�HIQERHW�JSV�JSSH��PERH�ERH�FMSJYIPW��-J�GYVVIRX�TVEGXMGIW�EVI�QEMRXEMRIH�
emissions from livestock farming, application of nitrogen fertilizers, rice cultivation and 
energy use are expected to rise from 7 to 9 GtCO2 p.a. by 2050.31

However, a change in our current agricultural system away from intensive, fossil fuel reli-
ant and input-driven practices towards regenerative and conservation agriculture has the 
potential to not only avoid future emission increases but also increase carbon seques-
XVEXMSR�TSXIRXMEP��8LIWI�ETTVSEGLIW�EPWS�LEZI�XLI�FIRIƼX�SJ�IRLERGMRK�JSSH�TVSHYGXMSR��
rather than potentially competing with it. This transformation must also be accompanied 
by changes in consumer behaviour and consumption patterns. 

30 ipcc.ch/site/assets/uploads/2019/11/SRCCL-Full-Report-Compiled-191128.pdf 
31 ,S[�XS�7YWXEMREFP]�*IIH����&MPPMSR�4ISTPI�F]�������MR����'LEVXW�`�;SVPH�6IWSYVGIW�-RWXMXYXI��[VM�SVK
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Agroforestry: Combining both trees and crops or livestock on the same land has multi-
TPI�FIRIƼXW�EWMHI�JVSQ�XLI�IRLERGIH�GEVFSR�WIUYIWXVEXMSR�MR�XLI�XVIIW�XLIQWIPZIW��
These include the maintenance of soil structure and nutrient content and the provision 
of additional crops and habitats in landscapes otherwise dominated by monocultures. 

-QTEGXW�ZEV]�EGVSWW�GPMQEXIW�ERH�[MXL�HMJJIVIRX�GSQFMREXMSRW�SJ�GVSTW�ERH�XVII�ZEVMIX-
ies. For example, in drier climates agroforestry may be unsuitable when combined with 
crops due to water shortages, however it may provide valuable shade for livestock.

Cover cropping: When soil is exposed between cash crops, such as cereals, more 
carbon is released into the atmosphere, as well as it being more prone to soil erosion 
and weed growth. Cover crops are planted in this off season between the growing peri-
ods of cash crops, extending the period of photosynthesis on the land, preventing soil 
IVSWMSR�[IIH�KVS[XL�ERH�QSMWXYVI�PSWW��ERH�Ƽ\MRK�RYXVMIRXW�PMOI�RMXVSKIR�MR�XLI�WSMP��8LMW�
reduces the need for carbon-intensive inputs as well as the cover crops themselves 
potentially being a source of revenue. 

The carbon credits that can be generated, accompanied by the improved soil quality, 
LMKLIV�SYXTYX�ERH�PS[IV�MRTYX�GSWXW�QEOIW�GSZIV�GVSTTMRK�ER�EXXVEGXMZI�ƼRERGMEP�ERH�
environmental proposition. Estimates vary depending on assumptions of crop types and 
agricultural returns among other factors, but cover cropping has the potential to seques-
ter 0.2–0.5 GtCO2 p.a.32,33 and focuses on existing agricultural land that is only single 
cropped, making implementation less socio-politically challenging. 

Biochar: When biomass is converted into charcoal through high temperature thermal 
decomposition it remains stable for extended periods. When this is added to soils as 
biochar around 80% of its carbon remains after 100 years34 as well as increasing soil 
fertility. 

8LIVI�MW�WMKRMƼGERX�MRXIVIWX�MR�XLI�YWI�SJ�FMSGLEV��LS[IZIV�XLIVI�EVI�JI[�PSRK�XIVQ�WXYHMIW�
SJ�MXW�FIRIƼXW�ERH�XLI�MRJVEWXVYGXYVI�JSV�TVSHYGMRK�MX�MW�PMQMXIH��'EVI�QYWX�EPWS�FI�XEOIR�
to ensure biomass feedstocks are not produced purely for the production of biochar 
without careful consideration of land use.

Precision agriculture and agri-tech: Alongside enhancing the sequestration potential of 
EKVMGYPXYVEP�PERH�XLIVI�EVI�EPWS�WMKRMƼGERX�STTSVXYRMXMIW�XS�VIHYGI�IQMWWMSRW�XLVSYKL-
out the agricultural value chain. From advances in digital agriculture that enable more 
IƾGMIRX�JIVXMPM^IV�SV�TIWXMGMHI�ETTPMGEXMSR�XS�XLI�HIZIPSTQIRX�SJ�LEVHMIV�SV�PS[IV�QEMRXI-
nance crop varieties, technology will play a vital role. 

Management practices: Fortunately, not all solutions require technology that may be 
less accessible in emerging markets. Whilst new rice varieties can generate less meth-
ERI��PS[�XIGL�WSPYXMSRW�XS�VIHYGI�XLI�ƽSSHMRK�HYVEXMSR�SJ�VMGI�TEHHMIW�EPWS�HIGVIEWI�XLI�
KVS[XL�SJ�QIXLERI�IQMXXMRK�FEGXIVME��LIPTMRK�VIHYGI�VMGI�TVSHYGXMSRƅW�WMKRMƼGERX�QIXL-
ane footprint35 by 90%36 as well as saving water. Additionally, the rotation of livestock 

32 nature4climate.org/science/n4c-pathways/grasslands-and-agricultural-lands/conservation-agriculture/ 
33 carbonbrief.org/analysis-how-natural-climate-solutions-can-reduce-the-need-for-beccs 
34 pnas.org/content/114/44/11645 
35 *%3��ɸ2I[W�%VXMGPI�ɸ%KVMGYPXYVIƅW�KVIIRLSYWI�KEW�IQMWWMSRW�SR�XLI�VMWI 
36 ,S[�XS�7YWXEMREFP]�*IIH����&MPPMSR�4ISTPI�F]�������MR����'LEVXW�`�;SVPH�6IWSYVGIW�-RWXMXYXI��[VM�SVK
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between pastures allowing areas to naturally regenerate between productive periods, 
may potentially sequester 7 GtCO2 up to 2100.37

8LI�I\XIRX�XS�[LMGL�XLIWI�ETTVSEGLIW�ERH�IJJSVXW�EVI�GPEWWMƼIH�EW�2'7�TVSNIGXW�XLEX�
generate carbon credits varies according to how they are set up and the additionality 
of their emission reductions is proven and measured. However, whether they generate 
credits or not, they all have the potential to reduce emissions and provide additional 
ƼRERGMEP�ERH�IRZMVSRQIRXEP�FIRIƼXW��

*SVIWXW
Avoided deforestation: Deforestation causes around 13% of global greenhouse gas 
emissions,38 making avoided deforestation one of the most important mechanisms 
XS�VIHYGI�IQMWWMSRW��-X�QYWX�RSX�FI�JSVKSXXIR�XLEX�KVS[MRK�JSVIWXW�EGXMZIP]�WIUYIWXIV�
GEVFSR��WS�XLMW�RIX�TIVGIRXEKI�GSRGIEPW�JSVIWXWƅ�WIUYIWXVEXMSR�TSXIRXMEP��-R�JEGX��VIHYGIH�
deforestation has the potential to mitigate the emissions from the entire land sector, 
about one-third of total global emissions.39 Thus transforming the equation for this 
current net source of emissions into a net sequester is one of the most powerful NCS 
available. 

The highest rates of deforestation occur in tropical forests, which also have higher 
GSQTEVEXMZI�GEVFSR�WIUYIWXVEXMSR�ERH�FMSHMZIVWMX]�FIRIƼXW�XLER�XIQTIVEXI�SV�FSVIEP�
forests, amplifying the sequestration potential of avoided deforestation. Given that 
enhanced sequestration comes as a result of avoided activity, rather than the need to 
wait for habitats or infrastructure to develop, avoided tropical deforestation is also one 
of the most immediate and low input NCS. 

Forest restoration: Forest-based solutions must be treated as part of the global climate 
system; they have complex interdependencies and impacts at a local and global level. 
The impact of deforestation or reforestation varies depending on location; in high lati-
XYHIW�VIJSVIWXEXMSR�QE]�VIHYGI�WRS[�GSZIV�ERH�[IEOIR�XLI�EPFIHS�IJJIGX�SJ�VIƽIGXIH�
sunlight, in tropical latitudes reforestation’s cooling impact is more certain. Therefore 
reforestation (restoring areas previously covered by forests by planting trees) or affor-
estation projects (the establishment of a forest in an area that was not previously 
GSZIVIH�F]�JSVIWX
�QYWX�FI�GSRWMHIVIH�GEVIJYPP]��7GLIQIW�WLSYPH�EPWS�VIƽIGX�PSGEP�FMSHM-
versity and must not come at the cost of food security or community land ownership.

Taking into account the economic, social and political challenges that face any undertak-
MRK�VIUYMVMRK�WMKRMƼGERX�EVIEW�SJ�PERH��XLI�;SVPH�)GSRSQMG�*SVYQ��;)*
�IWXMQEXIW�XLEX�
reforestation has the “practical potential” to sequester 1.0Gt CO2 p.a. by 2030,40 with a 
further 1.1Gt CO2 excluded as being unfeasible under current economic, regulatory and 
incentive conditions. 

37 pnas.org/content/114/44/11645 
38 ipcc.ch/site/assets/uploads/2019/11/SRCCL-Full-Report-Compiled-191128.pdf 
39 wri.org/blog/2019/08/forests-ipcc-special-report-land-use-7-things-know 
40 WEF_Consultation_Nature_and_Net_Zero_2021.pdf (weforum.org) 
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;IXPERHW
Avoided wetland impact:�4IEXPERHW�EVI�WMKRMƼGERX�GEVFSR�WMROW�� WIUYIWXIVMRK������
GtCO2e p.a.,41 however their exploitation and damage as a result of draining, conversion 
to agricultural use or burning for fuel contribute around 10% of global emissions from 
land use. Whilst peatlands are found globally, some of the largest and most threatened 
EVI�JSYRH�MR�XVSTMGEP�JSVIWX�VIKMSRW�EPVIEH]�WYFNIGX�XS�WMKRMƼGERX�HIJSVIWXEXMSR��8LMW�
means approaches to avoid deforestation and peatland damage often work in tandem, 
as evidenced by “No Peat, No Deforestation, No Exploitation” policies42 encouraged in 
tropical commodity value chains. 

-R�E�WMQMPEV�QERRIV�XS�TIEXPERH��GSEWXEP�LEFMXEXW�PMOI�QERKVSZIW��WIEKVEWW�ERH�QEVWLIW�
EPWS�WIUYIWXIV�WMKRMƼGERX�EQSYRXW�SJ�ƈFPYI�GEVFSRƉ�XLVSYKL�XLI�KVS[XL�SJ�ZIKIXEXMSR�
and accumulation of sediments. Mangroves in particular are highlighted for their co-ben-
IƼXW��WXSVMRK��Ɓ�43 times more carbon in their soils than tropical forests, protecting 
GSEWXPMRIW�JVSQ�VMWMRK�WIE�PIZIPW�ERH�WXSVQW��ƼPXIVMRK�[EXIV�ERH�GETXYVMRK�WIHMQIRXW�
that could smother nearby coral reefs. 

The key drivers of coastal wetland destruction are property, agriculture and aquaculture, 
whilst development and deforestation can also have a knock-on impact. Given the high 
IGSRSQMG�VIXYVR�SJ�XLIWI�EGXMZMXMIW��XLI�;)*�ƼRHW�E�TVEGXMGEP�EFEXIQIRX�TSXIRXMEP�SJ�SRP]�
0.2 Gt CO2�T�E��F]������JSV�EZSMHIH�GSEWXEP�MQTEGXW��LS[IZIV�EW�XLIMV�GS�FIRIƼXW�EVI�
increasingly recognized and as carbon prices rise, more may become viable. 

Wetland restoration: Restoring peatlands is a vital form of increasing carbon seques-
XVEXMSR��[MXL�GSVVIWTSRHMRK�FIRIƼXW�JSV�FMSHMZIVWMX]��WSMP�LIEPXL��[EXIV�UYEPMX]�ERH�ƽSSH�
control. Despite peatlands containing carbon from organic matter decomposing over 
thousands of years, some studies indicate that restored peatlands can switch from 
being a carbon source to a sink within ten years with some initial management.44 
However, less intensive management may result in restoration taking between 50 and 
500 years,45 making selection, management and accurate monitoring a vital aspect of 
TIEX�TVSNIGX�TPERRMRK�ERH�SJJWIX�GIVXMƼGEXMSR��

The restoration of coastal wetlands can be done by reducing pollution, replanting vege-
tation or restoring natural hydrology. However, given the opportunity cost for such resto-
ration on previously developed land, these NCS were found by the WEF to have the 
lowest practical avoidance potential. 

41 4IEXPERHW�ERH�GPMQEXI�GLERKI�`�-9'2 
42 spott.org/news/ndpe-policies-palm-oil-sector/ 
43 1ERKVSZI�6IWXSVEXMSR��3JJIVMRK�X[S�JSV�SRI�WSPYXMSRW�XS�GPMQEXI�GLERKI�`�-9'2 
44 nature.com/articles/d41586-020-00355-3#:~:text=These%20results%20mirror%20research%20in,recover%20

following%20restoration%20efforts3. 
45 MYGR�YO�TIEXPERHTVSKVEQQI�SVK�WMXIW�HIJEYPX�ƼPIW�����������	��4IEXPERH	��6IWXSVEXMSRC*-2%0�THJ 
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