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Recommendati on 7: price temporary removals

To balance the competing demanadsi hoentthhaer dcseamaenrthv atmacsrs
enhancement owhitlhe d @arde vsdititsleyl AAdovii sory Board recommenc

introduce new instruments to price emissions and r ew
ensure coherence with the broader climate policy fran
Action points for EU policies
A Develsepaa ate system to price eimi stshieo naannddn csoe

a future integration with other greenhouse
A Reinftqipceci ng -aedml mogi t ori ng oft hlr Whutg@peorlritcoi

the | an(ds eseecrteocommendastubdbhf @hdficmgedssir ak ma

enhanceaemehntVistupepsort ecosystem restoration ef

Recommendati on 8: recogni se the extended emitter resp

Toenhance remevdalce ameé financi al burden omefgatuve (e
emi sstihoensAdvi sory Board recommends that the EU recogn
requiring todayods emitters to contribute to the futur

Action points for EU policies

A Assess options and governance requiremeRrtesen
emitter respooasesnhbri buy-eegatihe Edossmnemns.

A | mpl ement such pravnociidpsl eani ni nac rweaays et hoaft t he ¢
ter mand ntchr@tases ambition over ti me

A Considddrf er ent apprndaccheesnd, such as all owi
emi ssions with future removals whtidrem tcdhree ern
budget does not increase, or requiring e mint

the cost of their subsequent removal
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Recommendation 9: strengthen governance

To ensure efficient policy i mplementati ont,eram ccoluinnaathe
goattse Advisory Board recommends that the EU expand i
capacities. EU diplomacy and policies should support
enhancing global <c¢climate ambition.

Action points for EU policies

A Reinforce the integratirmnmnafe armigdabalop eiam tCH .
ensuring strongenegmami tvrme mtmi ts@i ons.

A Build capexiidtyi wg tihnat i tuti ons andneeodesd.der
A Reduce carbon | eakage and enhanclei ngalteeb adi pc
pol ifcasetsering financial and technological t

The Advisory Boardds nine recommendations are grouped
carbon markets and nebehewati ve, as described

Recommendations for a rapid and sustainable scale -up of carbon dioxide removals in the EU

Foundations Acceleration ' ‘ Net negative

Setting a clear direction
to drive investments,
while avoiding mitigation
deterrence and other

Public support to ensure
biomass availability,
diversify methods and
ensure technical feasibility

Ensuring cost-
effectiveness, fiscal
sustainability and
competitiveness

Preparing now to
ensure long term
dimate stabilisation

ossible side effects
P e Reverse the land l
o Set separate sink’s decline G Price permanent | e Recognise an
targets removals extended

0 Accelerate

innovation emitter

Ensure removals’ s
responsibility

quality

e Price temporary J
removals /

Secure
sufficient CO,
infrastructure

9 Strengthen governance

Source: Advisory Board
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Summary

The critical rol e of carbon dioxi de remoyv

The damages caused by chbiemhgkt c gabnodg aal clryoesassa tEruér odyer, i s k
of crossing tgirppuiAdgph @ ofi-md smb 5g ¢ o rEtuifr @gretcr easi ngly sev

climate i mpacts such as heatwaveShedaoeagbntss mwot dbint
Europeansd health, water resources and ecosystems, b
and financ2@24 swadbitthe ywar mest year on record, with a

above tihredupsrteri alfirsvelexcErRidance of t he bly. 5tAlCe whaa rniisn
Agreement underscores the wurgency of taking eaammti on 1

warming under 1.5AC, to reduce the I|ikelihood of ext
i mpacts of <c¢climate change.
Concretely, gl obal greenhouse gas emissions must be Kk

represents the maxi mum cumul ative emissions that <can
Exceeding this budget waduel d issikgmiff isccavretrley ainmdc ri &g e e r ¢

t hreemaining budget ilsglalriefkfimrgt g ampu dtl yf o celesn horu scr a st
gases while simultaneousl! yw rfermomithlge catrmhmosnp e rox i tdler q u
durable storage. Bal ancing emi ssdaonnds eavnedn t-rueathd tya nse tt o
emi ssions, where removasl sessxnde d| emiosshiadns ng gl obal
decreasing temper aneugeetsi.v Al amiosusgiho msedc se past cli mate
the crossing of tipping points, they would restore a

l'imts and help to manage temperature overshoots.

To support global efforts ibhheh&dimmght eag & ionmerha levimag
greenhouse gas emissions domesti cal lappudrwsi utihnigng atehtev eE U &
greenhouse gas emibBssonsequheesafileep. emi ssi ormandeduct.

sust aiscmabpeof removals to counterbalance residual emi |
no or l'imited mitigation alternatdivsetsan(cfeoraiex aampd e m:
transport, and agriculture). Emi ssion reductions and
parall el , and one cannot substitute for the other: e |
from accelerating i nvest noenntrsedtuoc tsivopnpsoort dr astic emi s
Various removal met hods can be deployed in the EU. Th
T temporary removals, whi cdf rroeaf erhet cattnmoe pchepteu raen do fi
carbon pools such as forest s, soils or wood produ

Il imited and can range from several years to centu

T permanent removal s, whi ch-treefme rs tt@m0 atgheer ecbaeprtvuori er sa nse
as geological formations or mineralised carbon, w
secure for thousands of years. This can be achiev

carbon capture and storagéd CBAGOGSA) capthireemeandgytw

Currently, the EU relies almost solely on its forests
set an ambitious target for the |l and use, l and use ¢
increase of approxi macgoempyarléeds tim omwertr eretmolveaMesl . Howe v e

sink has deoblomaeehd rbdy over the | ast decade. Reversing t
as ecosystems need years to recover their carbon sequ
of the EU to remove carbon permanently through novel
i mited. Developing theskamsebhbodkeattamei nddtustsi ahese
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kers in the EU to act nowpt ovarcchs bam acoeal eéeatre@dnos
refully navigating their associated opportunities a

adership in removal technol ogies wild.l contribute t
iority2029. 20Red 2024 report by Mario Draghi on the
ghlights the strong | inkg ketmpedn tdlviematses ,t acslsreoltog
clean technologies provides the EU with an opportt
this domain. Foll owing this idea, the European Co
infaecesuti al role of clean technologies in drivin
dnnounces the devel opment of incentives to build a
mo vDeelpsl .o yair @ nc di o x sodfeBeoenmsd wWdeelr abl e p-skeht edl empl ohing
wedppoarst uni ti es f oroni nicnonpead rdtiitvéew|sard i ic@dHiu rutr ee rsneocrt eo,
movals present ot her environment al benefits and o
storati omc oy snmtagms adnd biodiversity.

izing such opportunities to their full potenti al re
sks associated with various removal met hods. Most
d biomass resources, rwhiafh mulet iumlde rc d rhpee tpirregs siunt er
otect, restore and enhance the existing | and sink i
wildfires, droughts, pests and storms. Bromnhetthndg
e and management practices, as wel |l as enhancing r
e devel opment of per manent removal met hods i s hinde
adi nes s, significaew icapasi mgnt ameedas sfoci ated finart
centives, as wel |l as governance challenges.

a context of constrained financi alefcfaecatciivtdleys., Achhei
e necessary scale will require mobilising both publ
rdens on certain swvehotlers Sdmr ongciietsyt i a st bomrallergover
ordination wil/ be needed to manage these invest men
rbon dioxide removals without compromising other en

ver al initiatives have r emerkEtU yoldderny Ifawmmehveod kt d og s
movhRors. exampl e, t hien d@esmmii ad i omarsb o n ma manpd mesn tt hset r
vel opment of technologies 2io capuste, altisleics®r andan
chanisms to account for removalemiisnsitohne turpacdoi nmign gs yrs

S) directive. Additionally, the canlC®kRiCF) emegal aanad
tabl ielhiumtgamay vcerti fication framework for removal s.
ile these initiatives are steps in the right direc
pects of a comprehensive policy framework for <carb
equat e incentdovts r éwmovahlisgrhd a lpiodnicn e s, supporting
frastructure devel opment, and ensauerimngameé@bpasbtvegove

emi ssi ons.

Wi
Bo
ca

th this report, the European Scientific Advisory B
ardd) aims to prosupgpostiehei Bl abadattcentof a robus
rbon dioxide removal s, -2a0s3 Op acrlti noaft et hpeo |uipccyo nfi rnagm epwoosrt
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|l denti fying needs and policy options for
di oxide removals in the EU
To develop its policy recommendations on carbon dioxi

anal yshedkey poDépsyahdnctiscmasenepdedarbon dioxide remo
ensuring that such scal e up compl ement s greenhouse

economically, and environmentally sustainabl e.
The Advisory Board assessed the potential and costs o
ElAnd outlined key environmental, soa@isaloci amacdewdn dmisc

upeach meBtalbscedd. on these opportuniti eisdamtdihfreiieddod | otwh & g
seven key functions necessary to manage and scale up
goals and sustainable devel opment objectives

1. Managing the greenhouse gas budget

2. Maintaining fiscal sustainability and enhancing d
3.Ensuring the quality of removals

4. Reversing the decline of the I and sink in a chang
5. Accelerating innovation and raising public awaren
6.Securingi ntfhrea<tOructureds availability and resili el
7.Enhancing institutional governance

The Advisory Board then conducted a gap analysis to
removals, focusing on how well theseTpel poil ési sl fAisk €
include the LULUCF regulation, the CRCF regulation, t
carbon pricing mechani sms.

The analysis identified key policy gaps where current
scadpe of removals. These include the absence of cl ear

shortcomings in existing monitoring and verification

integrity, declining | and gionksicse tfoampmemltydalfiugre d
i nnovation, inadequate COO transport and srntoiragse tionfr
reward both permanent ®Asdstempemgbregedoemaddalceanovative

policies depend on robust and integrated governance
Board also identified the need to build, devel op, t e
effective governance of removal s.

To address the identifi ead adapmdgd,doptyhdonAsdwmpsonvyey Boar d u
expand the existing policy framework. The Advisory B
in fulfilling t he seven governance functions, ensuil
di mensions were thornouehlay uadn oinderoeck.r efdh notably a m
such as:

f carbon pricing via EU ETS integration

T mandates andadbltiakathiacksmi tof nlgi glector s,

f public procurement as well as financi al incentive

Recognising that the deployment of removals is a dyn;
di fferent policies could be introduced and adapted o
mitigate ri skp oafs rtehneo vsaclasl eprappreasds cohlsi ders the ev
technol ogies, infrastructure and mar ket conditions.

16



Recommendati ons and action points to nav
for a rapid and -uspusotfaicnaarbbloen sdciaoclxei de r e mo

Based on its analysis, the Advisory Board identified
points for EU policies to help establish a comprehen
addresses the seven identilié edolgevefr namese fgonvcen marsce
right mix of policy instruments to address these are
recommends a dynamic and adaptive policy approach, b e

dynam eddgtecti veness over time to ensure the feasibildi
objectives.

The Advisory Board formulated the foll owing
di oxide removals in its policy architecture
sustai niemgo ngneenhouse gas emissi onys 2d0o5nDe sd n
negative greenhouse gas emi ssions thereafter

1.Set separ-btediegathygets for gross emissi ol
temporary removal s.

2.Devel op robust monitoring, reporting, and
|l evel s, and ensure transparency regarding
policy objectives.

3.Urgently halt and reverse the ongoing decl.i
and use of biomass, -mraeldat end ego lait @i €3Jdisntl @ane
requires sector al measures t o e nahdaanpctea tEUWo nl.¢
4 .Strengthen regulatory signal s, expand fund
prioritise CCS for permanent removals, and
5.1 ncrease coordination, boost investment and
of EUHtsr ahGs por t and storage infrastructure
transition and climate resilience.

6.Consi der a progressive integration of pert
conditions to prevent mi tigati on deterre
di stri butional fairnessfhedtiendaase. dynamic
7.0 ntroduce new instruments to price emission
to ensure coherence with the broader cl i mat
8. Recogni se an extended emitter responsibili:Ht
future removal of the greenhouse gases they
9. Expand EU®ds climate governance and institut
support this effort by reducing carbon | eak

These recommendati ons ar e etlhaebiorr art ®&tdi obneal loew, a nad o@r rwei
points for EU policies.
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Recommendation 1: set separate targets

To signal commi t ment , guide investments, drive inno
permanent removals contribute effectively totkdéi mate
Advi sory Board recommends thabihdengGUtaergesephont gr bt
reductions, permanent removals and temporary removals

Achieving sufficient volumes of removals at the neces

invest ments and technologi cal devel opment s. At the s
should continue in par al lrelqguiaseds ubos tnamtiinmals ee frfeosritdsu aa
that emission reductions and removals progress in pa
drive both objectives simultaneouslgandAiltehgmugeh itnad eE
t gret s, the Advisory Board has identified gaps in th

achievingpurhpgos a.ual

T The EU has a 2030 target for temporarptoemgeal buitni
does not differenti adtwheC@S CD@ms 6k rmremmoweaelds from t he
directly (via DACCS) or tbBfroeaghC@$ainvhigeowd apt(wi eas B

fossil fuel use, precantevnggemhesinensriemoviadt od COD
i Separating targets for gross emissions and removal
avoiding delays in either emission reduction or rem
emi ssion reductions. The EU hnasnestetr eamonvaaxli smutno waorndt sr
net emi ssions target. However, beyond 2030, ther e
removal s towar é&s reac lmindwyiareg vreetemi ssi ons. Furt her mor e
medi-amd +Hcemrgn tarr geedrsmdment -and #fedgumargets for te
removikdmporary removals <can, -Hdter marcti cmalt ar mi sugpoi
whereas permanent removals-tgplramycdi macessanpildolsatimo
T Setting targets for both minimum | evels of removal
towards net emissions goals can proegffectihee fsekuti
whil e safeguarding against mam&et failures and mitd.i
Action points for EU policies

A Set separatmedaerer 4t entgapr get s for mi ni mum r
contributions of r e maogvoaallss ,t owbhaerri s enyeid s irenngC Istish
devel opponsgtO B ecl|l i mate policy framewor k

A Enshrintemam|loommi t ment to protect and enhamc
use, -ulssend hange and forestry regulati on.

A Sertemo-splkci fic targets for daerrbdrhec aptaur, e man

18



Recommendation 2: ensure the quality of removals

Tobuild trust, ensure accountability and drive invest
i mpacts on ecosystembeaAdvicsomyniBbiaes, recommends t ha
robust monitoring, reporting and verification (MRV) s

The EU must also ensure transparency regarding the ¢
policy velj.ect i

Removals offer significant opportunities to mitigate
ef f eReotbsu.s t monitoring is essential to ensure the deli
manage reversals and I|iability, maintain environmen:
Advisory Board identified oppodteniedi et dephoymenad s

T The quantification of net carbon dioxide removal s

requires robust MRV . Robust certification is essen
provide a reliable basis dotr asancwaltli vees ,c amfdi danddad i

T The governance and LULUCF r-leguélatboosustuippor of i ocae
removals, but they are not yet sufficient to reflec:
and | ack the granularity neededvtoi gssanThey | PEEcC i K
guidelines to better refl ect removals in national
availability of certified removal data presents an
accuracy of these inventories.

T The quality of |l and monitoring data collected under
to fully support t he MRV of carbon dioxide removal

European Commi ssion has proposedsswbhisggabat bué ¢
not been adopted yet.
T The EU has adopted of the CRCF regulation, a first

removals. The CRCF regulation is expected to suppor
compliance schemes and carbon mar ket s.

T Certification methodol ogies should clearly distingu
as wel | as emission reductions, to support the diff
credible-ta@aante upaselines andtensoge wr bbustuf mbai ent
verification, especially for temporary removal s.

T 1t remai ns uncl ear how the CRCF framewor k wil/ ad (
including i mpacts on communities, bi omass and | and
shoul d include mandatory sustainahlirlaibdty 3 afdeguwadnds

devel opment of these methodologies should be transp

Action points for EU policies

A Embed measurable and bindinghsustaboabi leimboy
farming certificat,i oinnc(lQURIAFN)g roeng ucllaitmaotne ad &

A Devebhopd regul ah@GROkepthatdel ogi es in | ine with

A Differenti aCtRC&Feheéi UsBeatods, based on whet hel
per manent orenmes&ldamct i ons.

A Us@RCF tetaenhance the accuracy of national
Governance RegslUnéi boheawidsi bility of remova

A Rapidly RodeBdtnittheka wanngdh® iMoni t or iRegi & ihadw ©e i m
|l and monitoring data collection and use, wi
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Recommendation 3: reverse the decline of the land sink

To enhance removals baded EJn muandurgeoutrgedval t and r

decline of its | and sink, and ensure a sustainable so
recommends that the EUel atedr ppbéi ¢cites |liamtdo a cohere
requiresmeascsuoeal to enhance EU | and sinks and foster
Among the environmental opportunities and risks assoc
bi omass resources$ hesahimiben supallodi sbsoutehn t e mpeo.rfarroym r e mo v
forests, wetlands, or agricultural soils) and per mane
declining rapidly, driven by <c¢limate i mpacts and <co

production, bioenergy pomomatuicomonAlbtrhecgbbyshemEUelsds s
to enhance the | and sink by 2030, the Advisory Board
policy framewor k r el araenda gteomelnatn.d and bi omass

T The EUB&8s | and 9%nlke tdwedainnd@210b2y2 3due to factors such

hi gher harvesting ratrerduaead kdiarads=, cihramlgedi ng wi | ¢
and storms. Land use change and agricultural pract:.i
soi loralrdovel s. Scaling up adaptation measures to pr
strengthening resilience within the | and sector, i
per manent removals.

T Biomass resources face pressure from competing | an:
rur al and urban devel opment, bi oenergy, bi odiver si:t
policies gover ni Afgo olda nsdy sutseem atnhdg tahgee ibn oote csonfof i ci ent
with climate and enwandomhmeert ali gobjféeéctintesbstacl es t
i ntegration i s needed t o further i ncentivise rema
recommendation 7 comgl)and sector pri

T A scale up of BECCS | eading to i ncr eausseed cboinofniaiscst sd ea
|l eading to unsustainable biomass extraction. The EU
t he most efficient uses oda shciaodmansgs , u sceo npsriisrt ceing | ew,i tv
environment al i mpact s.

Action points for EU policies

A Mainstream cl iamartoes sa dpaopttiactid edpor etshie Moni ano @0 i
Moni toring Law.

A Create synergies between removals and ecos)
Nature Restoration Law.

A Align the cemomom afirt bawitwuhatzleg @oh é&tny ssi ons
i ncentcéchviematt @eor asdapt atairddro,n sequest raantsiucsnt,a ienn
management

A Reinforce the coherence of EU pol i ci e santdh aeti
sustainabl e bioenergerwhbdbéestoekgyvidarehbeive
Avi atainadn,t GRCEUReg.ul ati on

A Price emissions and removals in the | and se
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Recommendation 4: accelerate innovation

To a
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T Cu
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en

Act i

ccelerate the development and deployment of diver
etitihendslsyj sory Board recommends that the EU s
nd funding across al/l stages of the innovation cy
enhance public awareness on removal s.

rsifying thesrEddbesyv gplormdtoldds odanmCOhel p achieve sca
risk of over relying on oneofrfesmovalcmeds$ oldi amas s
other environment al and soci al i mpacts.heSdmey nove
o-beaad removal s, are at |l ow readiness |l evels an
nti al and associated risks. Ot her methods, i ncl u
| s dasdppo®et to reach commercialisation. Although
|l opment , further public support is needed to inc
eness.

scale up removals rapidly and sustainably, the E
celerating the wuptake of existing solutions, str
creasing t he -srteaagde nneestsh codfs .ear | vy

vancing different removal met hods from | ow readin
l'icy mixes that address the four main stages of tl
ffusion and stabilisation. | dhealkd) wsnea dcfe mbeabsiSd
ocurement (e.g. reverse auctions) and tailored fi
pport from the European I nvestment Bank.

rrent EU innovation funding for removal s, mai nl vy
nd, remains fragmented and insufficient to achi e\
cessary to pri otrrietmosvealfsu n@\d &y affdostrsyiG€® t he future
removals i s neetdeerdm tsoi gmrad vsi doen Itohneg pr ofi tabil ity
moval s.

oader societal engagement and knowledge diffusion
sure the sustainable uptake of carbon dioxide rem

on points for EU policies

A I ncrease fHomrdiznogh dBEriind-fEe pr otgos asnunmepor t a di ve
met hods, alongside fostering innovation for

A Pr

iothhosati esmppantd for CCS towards per man

DACCS) and CCS in activities with no or | im
Consider tehkeenodenyg and Rebseyadnd c20 2F6Ga ctid ienys

St

A
for -tteernmg r e mov al projects.
A

rengt hen col |l alEar atpieam b ertnweant di totmke eC oEiunrcao pl

Bankwisopean | nvesot meddtr elSslsndyaps 1 Arivsekn tpurriev act

A Cr

eate market incentives for dehnea-pedalrll yi ragitorgt

as public procurenkeydbingoahdsteenpnbmaesi nfj s

ef

fects.
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Recommendation 5: secure sufficient CO ; infrastructure

To devel op sufafnispioaent a®@ storage infrastructure, crit
the Advisory Board recommends that the EU increase
enhance strategic planning f.drm atntse odev ealnadp md mtr aggfe H L&
while ensuring equitable access, a just transition an
I'n addition to technological r peeardnn anneesnst, rt ehneo vdad p | noeyt nhed
eatrsltyage chall enges, particularly related to the avai
in geological formations, after it is captured eithe
plants, requires tbheadepetopmenwooks COincluding pipel
suitable geol ogical storage sites. While -EUurbegisl ati
Net wor ks for Energy, has supmpoputeldi ¢ nfiundilng eard opanem
are needed to scale up infrastructure.

T The EUts a@®port and storage itmof rsausptprourctt utrhee issc ailnes uc
required to meetByi t290 3d0l,i maatUR 8g doanidd .endecreded t o meet t
geol ogi cal st oMta@@e e ygeoaarl , owi t5h0 addi ti onal i-tnevrens t me n t
expansion. Current incendtsicwad souatrod |i nadequate for | a

T EU policies do not set bindinginfargetrsudtoamaewid los i €C
and OGS iflrom activities witlEnhanoed | manplp cemidearl ¢ o
planning and progress tracking are needvdd | o edspl 0

equitable access to storage infrastructure where ne

T The EU must establish a predictable regulatory fra
integrity, climate rmnéeaifriashcecamdesafwvdiyef acc@Oer at
and addressing public concerns.

Action points for EU policies

A Coor dienfatoer t s t o secur e sufficient i nfr aCsCts

infrastructure access to activities wiutnhd emr:
Tr aBsropean Networks for Energy Regul ati on

A Leverage investNetdr of hirmdigsht rtyheAct , Cohnant
l nnovatitom rRaaknel BECCS and DACCS infrastruct:
A Address regul at ev &l ugea pcsh aaicrrso stso CioOdent i fy i n
efficiency, integrity,iahmhdaclhirmatereesilien

22



Recommendation 6: price permanent removals

To incentivise the deployment of reefnoevcalitsha nhaby ,fs csrcya |
Board recommends that the EU consider a progressive
the EU ETS, wunder pmrigvieitt icgoantdiioon odnest eeror ence, address ¢
support distributional fairmeddsecdnd emmrelsasnce dynamic c
Il nvesting in remov-akes mvcbktbBebp ki mmatlkongpacts, but
|l everage substawtthl ahnvabst meeds in the EU estimated
EUBD®i Il lion by 2050. Managing these costs and scaling
mi x of i nstrumentef ftectéewvkaerss, cavytoi d mitigation det
sustainability.

T Given a Il ack of strong incentives in the current p
several options for new mechanisms to manage the <co
wi || be cruci al -sitnagoev ec hcaolnli ennggecesa (ltsyeoen rde)c,o0 mb u t cons
public budgets mean innovative financing model s wil
economic viability. A gradual shift towards -greenho
effectivenessaiamdiflidyalonsushte path to clima&te neut
established thr ougdhatshe uElt eBTSS welilfyR €dOri5 vvee ne nti osssti on  r
by requiring emitters to pay and geneéegpyattierygg at emgn
removals into the EU ETS offers the most practical

T Initial integration into the EU ETS should be | imit
removals should be incentivised through separate |
recommendation 7).

T Robust certification is a critical precondition for
(see recommendation 2), along with gtoevrenpma@@® rcagér ame
The CCS directive provides governance to manage rev

T The integration onfetihnedtisvu lddu arle frleencotv atlhei r speci fic r
For example, the integration of BECCS credits shoul
and wi der policy devel opment s to reduce pressur e:c
r e c 0 mmeonds tR2i. Quantitative | imits or restrictions or
use to specific processes) may al so be necessary to

f To prevent mitigation deterrence and environmental
the supply and demerdd tef i e@ewmbwali ng conditions, gueé
integration of different methods into the EU ETS. T
integration of removals by developing capaceaty, Il o
auctions, and developing a diverse portfolio of per
recommendation 4).

Action points for EU policies

A Use the wupcomi rEd) rEenvSi sdiiaorescdfiwtebei t s viabili

A

n
G
e
i

E
E
E

ezer o amagateitve emi ssi ons.

radual | peirmaegmat & eEnib vEaTISsu hijne ctthet o quant i t
nsure consistency with separate targets (s
mpact s.

nsure robust certification of removals bef
stablish an institutional framework to man
U BMSl suppdtrdgeadeéyl oyment (see recommenda
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Recommendation 7: price temporary removals

To balance the competing demands for | and and biomass
and enhancement of the | and dihrek Adhliils® rayc Bowntdi m g cfoonrn
the EU introduce new instruments to price emissions ¢
and to ensure coherence with the broader climate poli
While permanent -seimbeadal somara gqureadual and conditional

mar ket , temporary removals present disstocagehalid @mnige
t hat Il imits theirteromtcecliibmat engadal d,onlgi gher ri sks of
ensuring robust monitoring, reporting and verificat
mechani sms for emiwsibnse Bahd Framdveaéstor. The Advisor

opdns to address this gap.

1

Addr esstiunsge lcaonndf | i ct s and enhancing policy synergies
incentives for |l and and biomass use, while promotin
l and sink (see recommendatifona Pp)yi cHowegen]|] fbe ahseé
and storage in the LULUCF sector contributes to unt
and the ongoing decline of the EUG6s | and sink. The
to price gaseamossieomys and reward removals i-n the L
term climate objectives.

Various options exist for pricing emissions and rew
approach ma y be mor e feasi bl e initially, support
compl ement ary mechani sms t o manage r MR&r ssaylsst eans d
i mprove, more comprehensive greenhouse gas pricing
stolt&ksed subsidies, should be considered. Unt il t he
must be in place to maimtaitrocekxsi.sting sinks and car
Extending greenhouse gas pricing to the LULUCF se
requires a supportive environment to help | and man:
the growingreveksalbfdC® to climate i mpacts, mechani s
ri sks and incentivise adaptative | and management pr
I ntegrating temporary removals into the existing
governance challenges that cannot be effectively ma
reverse the decline of the | atnmidveipkiciheg EWRsshomed:
to the <current EU ETS. Future integration or Il i nk
chall enges and risks have been resol ved.
Action points for EU policies
A Develsepaa ate system to pri ce eimi stshieo n aannddn csoe

a future integration with other greenhouse
A Reinftdhpceci ng -aedml magi t ori ng oft hlrWhityg@pEorlritcoi

t he | an(ds eseecrteocommendasubdbhi @ihdftdhmgedssir ak ma

enhancamehvtvistupepsort ecosystem restoration ef
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Recommendation 8: recognise the extended emitter responsibility

To enhance removals and reduce the financinaelgabtuirvdee n
emi ssitdhres, Advi sory Board recommends t hat t he EU r e
responsibility requiring todayds emitters to contri bt
gases they emit.

While the EU carbon pricing -zseyrsot eemmii$ss ildaatski,sg nteac ht aon irse
prepoe the tma&mnspgphicommescdohBbewitmggant i ve ieméssmiong
increasi ngueyr mogreintt emper adamd et boemaesbwdiod sf uirmphaecrt sc.l i me
Cleaning the atwmaspleér ewi bf ©®E€Oa collective effort th
Advisory Board explotbhdmpttboahbeapsnt orbeericcvigih € »tChoe y
relseaihre at mosphere.

T The EU needs to address its fair share of the gl ol
managing gl obal temperature overshoots. This requi
recognising the responsibility tohelkbandam omolfut
generations. Current EU climate policies incentiv
mechani sms to ensur-eeremi t egependialkiel il toyngf or removi nog
emi ssions.

T This gap could be addressed by operati anraloiusgihng a
instruments for todayds emitters to fund or provide
greenhouse gases they have emitted. These instrumer
achi evinneggartaetve emi ssions, rceedrnu ch enign ¢ hen tfii rnealnyc i @ll a cb
generations.

T I'nstrument amxt emded ceemi tter responsibility could be
as an extension of thme&akEITSmMsor Wasl setaadafohedeld]
assess the advantages and disadvantages of differen
their timing, as early i mplementation widgatbeecr.i
emi®rss . The EU should therefore start planning for
year s.

T Even with an extended ¢imiet tgdrobmaé s paonnds i rbréegiatryiay e n e e
emi ssions will likely surpass Adeéi taprnal tffuntli nhbeme
wi || be required as part of broader gl obal efforts

Action points for EU policies

A Assess options and governance requiremenrten
emitter respooshbiibtuiy-eegatihe EOSsnens.

A | mpl ement such praivnociidpsl eani ni nac rwaays et hoaft t he ¢
ter mand ntchr@tases ambition over ti me

A Considddrf erent apprndacheesnd, such as all owi
emi ssions with future removals whtidrem tgree ern
budget does not increase, or requiring e mint

the cost of their subsequent removal
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Recommendation 9: strengthen governance

To ensure efficient policy implementation, daccocountabi
cl i mat et hgeoaAdsv,i sory Board recommends that the EU exp:
institutional capacities. EU di plomacy and policies s
|l eakage and enhancing gl obal climate ambition.

Designing and icropipe mehmptmidrigcgga f ramewor br ¢ @it ejsasy gren  t he

tracking, certificatign,anidnnporviactiinogn,ofi ndaratsdm udit axied

requires strong instituti orhel Adwé rsaii gghhtB bamhetesad si difrea i n a

ex panidresdt i t ut i ymmadin haaixeidéet nat i onal cooperation effort

T The EUG6s current <climate governance | acks the capac
and Hergn oversight for carbon dizexiod ea nmreegrmoeviavl es t
greenhouse gas emissions. Fully iimtegEHddsng!| cmaben
framework would ensure consistent and efficient pl e
accountability.

T Governi-meggateitve emi ssions wi |l requireaagoisgnibhyg ne
creating new institutionalupenrtdmadvwal sdesdu sctaaierda btl o/ .
governance will play a centr al role in managing inc
i nnovation and infrastructamet adeeelioppyneand Speici aé
to ensure public acceptampge and a fair, effective s

T Enhanced international cooperation is wvital to har
|l eakage, ensur e cfoaitrrneésust iiomsgl amal al i gn strategies
overshoots and adapting to future climate stabilisa

Action points for EU policies

A Reinforce the integmrateirmmnafe armegdabalop eiam tCH .
ensuring strong-negrami tvrme rtmi s | maets .

A Build capexiidtyi wg tihnat i tuti ons andneeodesd.der
A Reduce carbon | eakage and enhanclei ngalteeb adi pc
pol ifcasetseri ng financial and technological tI
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Part A d Need, potential, opportunities and risks associated
with carbon dioxide removals in the EU



1 The need for carbon dioxide removals

1 Removals are urgently needed to achieve the EUD slimate objectives . While they cannot
substitute for rapid and deep reductions in gross emissions throughout the EU economy,
removals play a key role in achieving the objectives of the European Climate Law

I Counterbalancing residual emissions is necessary to reach net zero. To achieve netzero
greenhouse gas (GHG) emissions by 2050 at the latest, removals will be needed to
counterbalance residual emissions from sectors with currently no or limited mitigation
alternatives. The exact level and composition of these emissions is uncertain,and a continued
emphasis on reductions is necessary tolimit them. Assessments of the availability of mitigation
alternatives need to consider a full suite of demand- and supply-side mitigation options; and
consider the changing technological and socio-economic landscape in which they should be
deployed.

1 Further removals are required to achieve net negative . Removals also allow the EU to
achieve net-negative GHG emissions after 2050, which will help avoid or limit a global
temperature overshoot by r e dwaming, delptclose th& gap s
towards its fair share of the global GHG budget, and potentially reduce overall transition costs.

1 There are challenges in scaling up removals. Achieving net-zero and net-negative objectives
requires arapid, substantial and sustainable scale-up of removals, by reducing and overcoming
significant technological, socioeconomic, sustainability and governance challenges.

1 The EU policy framework needs to be enhanced to overcome challenges . While removals
have been increasingly integrated intot he EU®ds policy framewor k
early stage. The EU will need to continue refining and expanding this framework to enable a
rapid and sustainable scaleup of removals, while ensuring coherence with other climate,
energy and environmental policies and a just transition.

1.1 ntroducti on

Removalay di fferent roles in mihegamedguml amdt Eoobang

Thentlergovernment al Panel POOsi Cit h mAsseLhmage d Refort d
di ox(iGxr emoval s (hereafteemodracldser artdhtopageni cCQacti vit

from the atmosphere and durably storing it in geologi
(I'PCC, . A20ZAjr)t her Coapti,éemnederien are a wi dehatarcamnypodvinc
removal s, whatcehg acrainsdebdef er ent way dr o@Qdiesytail hguitdhhessrleeto
tempor ary,wheintohv arb@ssntel yf rom | and sectboamt sifoks ad madst al
removals both gl obadd ypeamma niennwthhreehmgodnaersal |y compr i se
emer giencghnol ogi e$ hammekisdEobdbge car bon f orb ddhroeu scaunr drse notfl y
only deployed at a very small scale.

I n the context of mitigation strategies, the 1 PCC em
deep emieductni ons, they can fulfil different(,] R@AnpI|l e me
202p&2)

28



1.1n the Aeatrhetyercran f uGH®aen srsé dinse Meéti s would accel e
tmet aedoreduce cumul ative emissions before reachin

risk of tipping pointmpaoctdsirreversible climate
2.ln the medium term, they are negendiesds itoon s dtuodtlearébda | G
war mi ng. Thereafter, a crha eavti in@enia&&li osnuss ttad na elgi enved o
zero ¢gre@Gh®omuseions would revears-mewmr ming in the m
3.ln the | onger ter m, removals mi-géddgaBid@Eame sdtednso $ 0
further reduce global temperatures.

Figure 1 Global net emissions pathways , greenhouse gas budget and corresponding warming

/_\/reduce emi ssions
net ,&Cdi ssliyems
netrero emissions
nemegative e
i———_
gl obal budget
.
cumul aft,iFve CO
+2/C
+15/C
®
\\ ;&»—«-
\ \ bring war min
) stop war ming
A abowvien pust rial Il evel

. r
sl ow down Warmlynega s

Source: Advisory Board based on IPCC C1 global pathways (median and 25 and 75" percentile range, annual/cumulative MtCO>
and °C, 20062100)

Removals play a key role in meeting the objectives of the European Climate Law. While they
cannot substitute for rapid, deep reductions in gross emissions throughout the EU economy,
removals are necessary to reach and sustain net -zero GHG emissions by 2050, and net -negative
emissions thereafter.

The EUds commitment to achievingeght maeeemessiahityheb
enshrined in the EUEW,pezd2il@dnismarmiea hLavwmwe Pari s Agr eeme
efforts to | imit gl oRampwalysnangeyachl 8ACng these obj
il lustKFiag keded nbri efly introduced bel ow.

As further Sdesitgf breednoivml s wi | | be needed in addition
EU climate neutrality, as somer gmaiidultyh a@&debdd stio nlse ar
lUnder |1 PCC scenarios compatible with the 1., 2AC sahjoest irea cwn

net zero by the 2050s, and gl obal GHG e mjasnsdi d ms ar ed oohb an e tc oz
near term refers to the peri otdhmsetdairutm ntge rtnhirse fyeerasr taon dt huep dt
mi-dentury -206@)t Hebdhd term refers to the period thereafter.
neztero GHG emissions by 2050 at the | at esttheemd nmnetr m agdteirwse
the periodthmpediou@0d®rm r-20%20 s MeochgO0O4@rm refers to the peri
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counterbal anced. However, tihre tlhreer e EU @ e dr resmgdrueafl o reemi ts
required vol uies ofinc e mbodyyanhashdiuteu rteo t echmoalgegi caty | eve
and diverging ways acot idveifthimesoimamidt eidd emittiifgyat i on al t er n.

Beyondr2in®®adlsaecessaalyi dwen&@Paniete Merti sgatoinse emi ssi G
can be used seoaheélprishgbddown gltdlea leoviteeanpteermaptourraersy ionv e r
increase the fairness of the EUO6sasoat s dtnuteeadoefmporaqllc
flexjbasityrtheSedtdisa8r i bed i n

The EU policy framework needs further i mprovements

depl oyment of removals in an-respiomenithé et avlalyy amdcombi
continued, deep emission reductions across all sector
Not onVgegl time of needitealadosunt erbal ance residual emi ssi o
scale of deployment is uncertain andSdctciecsn 6lk.vden alt hbsa
uncertainty, it is essential to pursue -dekpameauct.i
remoyalbst at the same time to urgently support t he

removal pat hways to overcome these barriers and ensu
Whereawe EU has gradual | yt dgitnst egga laiteeyd frreanmoesvad rsk ,i nf ur t h e
to deploy them at whhkeeregsesuredgstheEker environment al
potenti al negative i mpact s on commuansi tfi @eist haenrd ddeisfcfre
Sectli.obn

1. Zheeedrfeomroval s towards EU climate neut
Achi eEUnlgi mate neutrality by 2050 wil/l require both

across all seonomyaombaphe psfc arl emow ad sunter bal ance any

emi sstihbat remain by this point

I n aintad ysi s000 9»oemntahided se rfnoirntaltEUDBs R2f040 cl i mate target
Boafdund two comMmAdvieatwur Be &ralslt RBHPRBnari os show t hat
climate neutrality by 2050 is not possible without r
sectors. Secondly, all scenarios showya 2c0e50t,aihn gl helviegt

t he necemaiintyaafnoirngx pahedi ogr rseencts olrekmelr apsuwbhbst ant i al an
sust aiscabpeeaoed mov aclosu nttoer bal ance these emissions.

Deploying removals alongside deep emission reductions

climate neutrality. | f some sectors or economic acti
economic or soci al b arHG eernsi stsa ofnwsl,| yt haeb atceo ntohm icr c® s t
neutrality through GHG reducti ons a(l BEbdneen hnoafye rb eecto nael .p,r
I f removals can reliably balance residual emissions f
removals in the range of possible méetigative aphiewnem
EU climate neutrality.

Achieving a reliable scale up of removals wild/l requir
reli esneogtiencghnol ogi es, whose eventual depl oyment may
(s&ectloghhs described iChampéeet Wetantli dinpated but wuncer |
removals could increagsdareetectriicrirodteitdbedsanguisnegd f t he
expected removals do not materialise on time, this wo
neutrality target by 2050. Fumnehpetrimoeeemit iei org ul o0 ele
futurer,i shki gchl i mat e Seugtlt.pImnmsghsebeave Ilittle room for
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counterbalsandua l emi g hioaes | weggheasho or Il imited mitigat
(Schl eussner @dheméeforep2dhe use of removals to count
be | i madtidwitooheno or | imited mitigation alternatives,
woul d result in prohibitive abatement costs. This i ¢
recommendation to better target t huet ide mlady menntorofstm:
efficiency and s(@gAtaeai sabyl Bogs dpa®@pPa@geér manent removal
carbon capture&€Cnd storage (

Figure 2 Roles of removals towards EU climate neutrality, as illustrated by scenarios in the
Advisory Boardds 2040 scenario database

4,000

(+) Gross Emissions
3,000

2,000 (=) Net
Greenhouse
Gas Emissions

Greenhouse Gas Emissions & Removals (Mt CO2e)

1,000
Net Zero
0 etk —
Net negative
(-) Gross Removals
-1,000
2010 2020 2030 2040 2050 2060 2070

Source: Advisory Board (2025), based on scenario data from the 2040 scenario databas€Advisory Board, 2023)

Notes: Emissions and removals data comes from the 57 scenarios that arealignedwi t h t he Advi sory -Biar ddos adv
target for 2040, without exceeding any of the identified environmental risk thresholds. The lighter shaded areas, and the
solid/dotted line show the variation between scenarios.

Tablde s pd atyas f rAdm i tBloe ysdcbesn aurnidees p i nandivrogn eiat 82a0r4gdé b n g

wi tdlata from the European Commi ssionds 2040 target i
scenari osaltih@gnedvewiet h t he9 5% croentmecntdieadn StCGasngneuta I eolr 2 0 4 (
offesi @@Imi sfinontshe EUwerco-8MmWy GO n 20 430,24 MG Qei n

205Dhe $efvelesi dualtlkremisssaerambminoadl y compbatdfiablime t o |
ScenaritcheS3Euirmpean (QoOnimtnis)sd to ndssessment forwheéree 2040
residual wemies@#ti @8 sn 2 044D] Uta@a 2 050 .

The total | evel oft hressome r avieishesitevpd éobyCelitit G n 2 0 4504-4 and
568t GO n 289&d@narfiroons3 he Eur opean Csolmomwss sdde@lipolvpsgrmemal |y
ofr emovamashe Advi sory B @d3r9dRitsGes me nR2amidd Rt CGOIi n 2050

2l n this context, resi dual emi ssions are calcul ated as net
aftcemrbon capture and storage has bbeefeore propvpall ise o rtoom fBoESCSCiSI, eDml
the net LULUCF sink. For comparability with the European

transport bunkeErUs aivnicaltudoens ainndt rmear i t i-Bh8, masi wiemé BBV5986&o0pé.
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Comparisng ddhenRirg @theecise di f f erreefcleest il dhrgled wment of <car
capture amd dtosrsade and i ndusitir itaHhe pEwrcoemean NCEMMIONSSi C
as wel |l as a mor e r anpe gda taicvhei eevneinsesnito nosf innett hes efdvi s o
bel owh)il e these | evels exceedinh20nb @iralea oh i-neeegsa tdievae e n
emi ssiosext(ilo@eedi-umrm demand for removals is | argely
residual emissions in the EU economy.

Table 1 Range of residual emissions and removals in the scenarios underpinning the Advisory
Board's advice for the EU 2040 climate target , million tonnes of CO , equivalent

Scenari os 2030 2040 2050

Advi sor (y9do% rrdar 2, 2-9442 7715 39-251
Tot al resi du.

European Commi s 2,301 748 411

Advi sor (y9®oarrdar 31-B26 46-50154-56 ¢
Tot al removal

European COM) s 314 392 45 2
Source: Advisory Board analysis based on data fromAdvisory Board (2023a) European Commission(2024i)

Figure 3 Comparison of residual emissions and removals in Advisory Board and European
Commission scenarios in 2050

600
-137
v/
7 48
500 / 2
é % 34
¢
400 7.
-119
-233
300 CO:
-256
[
o
g 200
=
=
100
Non
CO:
0
-100
-200
European Advisory Board Advisory Board
Commission (S3) (highest residual emissions) (lowest residual emissions)
W Greenhouse Gas Emissions * Reductions by CCS
M Removals by BECCS & DACCS M Net removals by LULUCF

Source: Advisory Board analysis based on data fromAdvisory Board (2023a), European Commission(2024i)

Notes: The Advisory Board 96 95% advice range refers to the5-7 scenarios that do not exceed any environmental risk thresholds,

and are fully consistent wi t h95% dmissioh teductiendarget foB2040 raslekmainedih\Adviscey f or a 90
Board (2023a) Data for residual emissions in Table 1 and Figure 3 come from scenarios with the lowest and highest residual

emissions within this range. Total removals include BECCS, DACCS and the net LULUCF siRkr comparability with the European

Commission estimates, andbunkers scope of the Advisory Boardincludes intra-EU bunkers + 50% maritime MRV,
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Despite patterns hfer oonevedennaanrd osgmptosi ti on of resi dua

uncertai muknouwnut are technol ogical progress and acti vi
to defi ne asnedc twdréesietsiifdyual emi soiloinmi derd miot i gati on alt
I'n regional and gl obal i ntegr etseéd magd £ess ome mrte smaddieall s e

stem from two main sources

1. NomCQ (met hane and n)emoasifomandd i vestock and fert
agriculture are diffi-CQemi $9i drud | geredr anlilnyat @eo n Ntoir
share of residual emi s s(i200n2s3caelnat @ A (94 nao my yBaonart d

and nitrous oxide emissions in the agricultural

(202 4dmplact assessment for theCQelnioOs sti arnget phiigralriid

agriculture, as the | argest source of residual em
2. Fos€QkEmi ssaovasexpected from activities with | imit

heavy indus-digtandel(tengns paosritat.i ofrh,e sehispritmg)s acc
the majority ofseneissisdiucanls fions stiHe COdvi sory Boar do:

patterns in the Europe@dO0OZédimmi ssionds scenari os
Despite common patterns i n t htehsee mpodeltd onneift hrersitdhue |
is fixed.-owttmi AMBgestict ors with residual amias emems$ ha
costs due to the absemtéonpdals mibtl et itemc haptciadns, and
responsive to an increas( bagmic,ar D dpvreirc,e rtehsa nd ucatl h eernsi
dynamic concept, and these figures can cthaolgeobkoghtcaélil
progress, infrastructure constraints, soci al change,
costs over the coming decades is uncert(aAmad-ans eits atlh.
2017; Meng etSadtor 20@Q2dnpsi dered difficult to decarbo
through increased investment or breakthroughs in tech
unanticipated challenges, such ass uch Faosg e hc)a pttavirbea ne s
(Burke and Gambhinr-iem2®m®fi)ve industri gswaltiakde <witeall .and
I n addi ti esni,dedecnhaanndg e s , such as shifts to more susta
efficient materi al use, are often underexplored in
predomi nance atfmi agrnionws!| timr resi dual teentd hsmdii ddlisc U latriged y
reducing l|livestock emissions, without fully <consider
agriculet ated émusdi ens alet, 28628harios that explicitdl
changésemow the potenti al for reduci ngharmess autah ate mi &l
sol ely on technol ogi cal solutions, pointing t o a n
technol ogi cailsiamred cheamagred i nto models and policy disc
reductions i n rdsaimby al2 @0W;sls;iPa@isvi sor y Bolahred ,Ad2v0 2530;r YE (
Boardds recommendations for the EUO6s 2040 target al
mitigation options, for exampl e (iAduvihsoriywdBRsard, ahl2 &
Underlying this challenge is the lack of a wuniversal
' imited mitigation @letsaddudathirtvde b adteédhh e sit@msnsar e i ncons
defined across national strategies, | eading to signif

depending on their politic@gBuclkcen.oastcy didd? 3lpickiealt hcoosn
et (a2l0.agdy Brad and2@Gpdédjneti deut that these definitions

processes, frami ng arcetsiivdiutaile se nidiesesmeodn ss oacsi al | 'y necesseé
abaHewever, defining this O6social necessity® can rais
di stribution of .bdmuefdi( 2eStha@gdt!l hghmst he example of avi
chall engeitammbappgpéas one of the main sources of resi
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strategies and model s, they noardeatrigaetl ya dtrii wietny blye u ehle:
households, and call into question such framing of al

These questions undeftsoct esi el y agpkhle eotpliyd eatmege t het we e n
residual emissions and removals on the pathway to cli
removals wil/l need to find waySedtdi . d2urenhherf yadode shap
guestions in the cont@k®Budfemanaging the EUBS

1. I heeednfemregati ve emi ssions

Gl obainematt i ve emi ssi ons i mihdetotntgdbremrréewaeurisree dg | o hianl war mi
casene 1.5AC goalni shexsheded.t er m, both accelerated e
rapid-uspoadl a emovals r émaikreber deigklob alf warminmageas
possi bl e

The | atest I(P®CCscermiRdystphatl2gl obal warming can be |
or | i mit eédumtvielr szhlo®Q, i f thegdwob &H MES®saic e s2 0b5gst, 2 0a5n0d
nezerGH@& mi ssi ons21ly0.20MB5e | atter would already have a

temperatures and might stehulsi rbiet esdu fef x ccd Aethag atadl ofeHvterev d
due to I'imited gl obal progress on miliABfagioah is becem
increasingly I|likely, and the question might no | onger
for howRébsignger anbeGeadfena ROR8)substantlabA€xgealdan
earlier -gepbalGHG®Get mi s s2i00o7n5s) (Ebngdada@prlOo y me nrie godt iaveet CO
emi ssions would be required to bring the gloObRCC}t empe
2022e¢; Rogel.j et al ., 2021)

A | asrcgeael e, gl obal depl oyment of removals would thus n
peak, but al so tmegeatliiwe re mil odhibdrmsa kettavaren enrgA G ng ocad s et
is excewmeidderi ng ubbeli BtesipoOonNsiento emi ssions, t he

removal capacity to effricsghk velyuhmedget agmé s1s¢ ol dhbe
the order of hundred6é6Sofil gugsan e@mmetge ®im. COMGEp)t n & te
emi ssions thus pl asiynga avniyt ael x creoel dedni @ andef waetnguien -gil e F5mn g

cl i matgelesl enhofer et al ., 2024Db)

Preparing for net negative in the shoairggem tcérn mad ko walcd
consisting of paral |l el efforts to rbaoptiscclayice eli g r a & mo e anl
Such i mmediate acti onboitsh neéiee snsaagnyi ttua ealtiampte dat at € on
overshoot, gifvenetdrsirbls&ksdamages caused by climate i
points resulting from any war m{ MYyl I(eveat taimpor 20922%; b
al ., . 2024)

Ne-negative emissions in the EU can i mprove the fairn
action and hel p avoseh, gl iomiat amimperceatwnre increase |
temperature goal

By achi ewva gt inee emi ssions afteon20@b0ut e hglokEbbaelb ameevtf o g
zer o(@@d | ateero mentd po-heghat alVey GH6&])s teasd gsllsoi boanls waor mi n g,

The | PCC defines a t dnhpeertaetmproer aorvye resxhcoeoetd aansce of a speci fi
such as 1.5AC. Overshoot implies a peak followed by a decl |
removal,epte€®i ng reemmaiisnsiinogn SCP I obal | y.
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and to address a global temperature overshoot i f it
EUBds contribution toéoéngliobaladeli cmatoem adhtei &rJds 2040 cl

Board estimated the EUG6s fair206Hhtrwenddr gdiofbfadr eemti slsd g
practical considerations, including historic responsi
for the EU to contribute to the Paris Agsaerherti ogsal
emi ssion reductions and enhance removals domestical "

outside the EUnegadtaoki eméesséebobns to(AdoseotrtgeBoamdi nt
Achi evi-mgganteitve emi ssions widthh exr etbhye gElW dafatt éry 2@5%3Q c i
cumul ae®GM@& mi s sawenrs ott ihmes f orms an essential part of t}
to bridge the gap between the EUS6s contribution to gl
efforts up to 2050, and its esti mhyt edloifrag rwishhdatrgee oE U t
to avoidyrelvieanisgl mamall t emperature increase.beyond the

Ne-hegative emi ssi oennshaccel d nakesboempordkecrfdasxed bobvet gl
transition costs, provided that the cost of removals

Intertemporal flexibility refers to the flexibility to shift or reallocate mitigation efforts throughout time.

In climate scenarios, emovals provide a source of intertemporal flexibility that can be used to reduce

the cumulative net GHG emissions over time (by actively removing historic emissionsthrough net -

negative emissions). They also offerap ot ent i al topedutenovgrall transition
assumi ntghfeduh anto et o f removals decreases sebpeamntinalidy
baséedar Edgnhofer et f asuch 260@db) dder eansteesr t @ecnpuwnr a l f
provibdreaetegat i ve aanidsabkieo nist tpoo sesriebdeec e t ltal muVt artalvle net

GH@ mi ssatonequal cost ss,i noirleatreol aoccfh i ccuBrBlu@anit 9 seido mee tl ower
cost, compared to a cmoegateirf@ceé mi bascividi efveeedme x amp | e, i
mar gi nal reduction costs for certain sectors become v

substantiall gout Hobe gevéebosbeupoesbhillanceg their resi
futur-eegqatti ve &emwseseBohsan approach would need to be
manage Isi almidl iethiseir e consi stehfegcwiatsh sftuhret hEeBe ccdl éi onearti eb e
4. 5.1

1. Barriers twpotfhe esnoalad s

The scenarios that wunderpinned the Advisory Boardds
and certain permanent r e Wi sospitd m nrse d wc taicdn se.v eT mied
the modell ed potenti al of these different removal typ
t hei r-upChaalpsRen8provi de a more detailed description of
including tsherisgoetantdi apbportunities.

The potenti al of larnaemousmaelds ulisaen geh damelst ry (sletlbtWWTF)i s
undermined by current and projected climate change in
The LULUCF sector is currently the only one to prov
providing net MteO®onw aZA OR2E¥f B RUAeme scenarios in the Ad)
wi der range of filtered scenarios IiMdGC@at ed50et t hEbkE
scenarios do not necessarily consider the growing ris
expected to reduce the effectivenkEEsAs, oFEQZ2tdhbee rE Ud nsa |l nyast
carried out by tdhrea wA divgi soonr ya nBpaBsrsdd sis nessnut@agleys t d 22hat t
uncertainties implied by these risks could potenti al
capacity to anywhere bebhywe2ih50.00 and 400 Mt CO
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After applying this envi rmaxkmendtep!ll oymmbBhtiLUbUEBholedov a
indicated in the Adweirseo rayr cBida&r dd68O2mMa3®i2 @ XMiI3E 0204 0,
and -298 Mi @O2&% 0s holvarbdlhea! dvAdvi sory Brboawedv,er2,02a3s) di scu
furt hChrapizrert he EUBds LULUCF si nk d&jaeso pdaercdliasabndge vtehnee @ € e n
of the 2030 EUalUWL UGF ttharregaesttened t o decrease further
(EEA, . ZbhbRkdewi || make achieving these |l evels of remova
efforts and funding to maintain rtehneo vcaursr einnt tLhieL ULOFL UsC
have a | ower typical storage durat odn riewietmbsadtithaatgc ar b o
these removals may iomltyh-ep ooeneerd € udneSe et ho$ . 1

The sucml emer gipegmanent me tmlo orédetq u iorveesr comi ng technol og
environment al and economic barriers.

The scenarios underpinning the Advisory Boardds 2040

of some permanent removal met hods, namely methods t he
geol ogi cabi ceameragy with carbon capture and storage (FE
and storage (DACCS) . Per manent removal s ar e gener al

sustainditmegm aeahdg mat e nteyutircaalli tsyt osiaudeg ehiod U re an tndi sa nwoerl | moarse ,
owersofrievlke(Alallen et ealsaboR@O2&A§Chra pi2zidhi heste technol ogi
re currently not deployed in ther api,dlnyo.dstcvad cee miap i 0 ¢
chieving these removals wil/l require overcoming sig
arriers. The | PCC and various feasibility studies re
nd permanent removadtsi.onFsori nexlaampd eysd iarid technol ogy
api d-ugwiallle require substanti al i nvegqtl m&rCt, . 2i0lRr2diyati o

- 9 T 9 o

BECCS is often constedcehiocald s@& eln@aye wammo palt ent i al i s con:
the availability of Tcleaer toani nsa bnlke ibni oBhA sfsor ests is unde
ctor s, includ(iAdviwoordy dRMvededl,$ u2glg2eds)t s a growing gap
omass Gdeama psdy p whi ch increament ¢emeed i gioa sodfli rvees sohy,
osystems andr edtaherd mnadEjreXxce .ibvDe2s@ dhjpl oyone n BEBQCSs cal e
creases bi ptnaesrse diesmaa dprosul dur eL ULJCtFlaesd n&t he-r natur
|l ated objfect heesor e, the scalability of -sBcEadGCS r el
frastructure for CCsS. Temporar-bhgedtprodgcths owéani
frastructure is scaled up might h epd rpo mios iandgd,r efsasc et sh |
shisgmergy intensity, atnod dlait@mi rt rean td iedpeéh gy meethreatt s ar e
s ¢ ad red ramping up depl oyment wi || require signi f
vestim&CC,. 2022f)

- - = - = - o T —-
> 53 O 53 5 S5 o T

Whil e someiscehar Adsi sory Boardds Wwidkevei st emedal aan
from BECCS ,thneld DIALCECISy i Bloappgl yed addiitrioommetnhtrae s hroil sdk

to adcofuonr thesénchalk! emgnpar ati vel hfesas iibaiocthiutdyendam al y s
depl oyment of COW BteCebhyn 02]005g06 eamned Xl i nsm mar yde mandy

of9 EJ from( Adwimascrsy BAfatrer &Phd3s)e nightre sthloé dsceémar i os
remai ac @gairndoiscrmatxeidmuenmopat esfti @am BECCS and DM8QCS of
Mt GOy 208107,8Mt GOYy 204D04-2%BIt COyYy 2,850 s holvarbd.ien
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Table 2 Maximum volumes of removals from LULUCF and geological removal methods in the
Advisory Board's 2040 scenarios , million tonnes of CO , equivalent
2030 2040 2050
Bel ow LUL

LULUCFthresshold 26-806 27-322 27-298

Geol ocBel ow Licd
(BECC<Bioenergy 9-3 2 48-1 7 9 14256
DACCS)t hreshol d

Source: Advisory Board scenario database(2023b)

Notes: The environmental risk thresholds were applied for the purposes of comparative feasibility analysis in the analysis
underpinning the Advi sAlthoygh Bohaeveal 8 based Ordtlte awaithhei scientific literature, there is no
definitive level at which deployment becomes a risk or challenge. The risks and challenges associated with deployment of
mitigation options will depend not only on the level of deployment but also on the implementation of well -considered climate
policies

The EU must wurgently overcome barriers and scale up
within reach. This needs to be done in a responsible
sustainability.

Whi T&b2tki ghlights the significantthepesetentngkstareecahdtec

rather thanamdesepr pdeémwte t he upper | imits of feasibil
and environment al constraints. They are also subject
their potential are estimated intl MmMdsd.e Céhret pion emao dal s
met hods, or not include the full range of removals m
Board did not c¢omareginre regs tnignmaddetspvdadorr det ail on the pot
by specific mn&LbU€#Esct oimntirAoshboe @ , the volume of remov e
estimates of residual emi ssions, which are subject t
change ovY&€martomeet al ., 2023; Buck .Elherad f.qr 2,0 2e&x p |Saccrh
wi der range of removal met hods would not mtelcee slseavéall y
assumed in these scenarios. The scenario regsleptsh have
assessment of thepptoattwan, tpetsemtnidalrs sks ofi nadil ufderde nt

in Chs2phé.r

Del i veri nsgpft hree momvvaid $samg etdhe scenami adhrebyEU205NPI i es t he

rapid scal eempoa@pgderomanembyv al met hods from current | e
significant invest ment, technol ogi cal innovation, al
chall enges are substanti adi,ntae gcraarteifnug ebnail sasnicoen orfe dsuod tui
port f orleinoo maaft h ddvs | | be key to avoiding the worst cl i
i mportant qguestions and wuncertainties regarding the
report, it is clear t heup doefl aryed magv atlhse wioeucleds ssairgyn isfciacl a
ability to meet its -cegambteenemi sai ohy gadl sedbn ti me
temperature overuwrhgertt. almderded oirsei,ve eactuirdmgi & hrad e d eedn
are scaled responsibly, supported by robust evidence
1. 939he EU policy framework on removals

Removal s andbjredthibweals been increasingly integrated ir

framewor k.
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e EU has gradually developed a policy framework t
cognition of their essenti al role in climate change
cades, encompanpviamggbmamemoval s. However, despite
amewor k is stildl at @rerenamleymbsvtad gsg, amadr ttihceu loavrelrya | fl
movals remains far below the loebjeelctrievgeusi red t o meet

EU policy on removals has been shaped by various | eqgi

co
55
fr

re

il

mmi t ments under the Kyoto Protocohnotaamldl y odigti pfaoirtn go ft

p ac k aTghee s e include t he devel opment of monitoring
amewor ks, Le UE®&ntdgetnyg, odnd the establishment of f ur
search, developmentmameli dedps oyment of

I nventories ah@&UWbesp ccrotminmg ment to removals began wit
which introduced requireuseentcshamnge momd tfoorn engt rlyanalct
foll owed bno nti bt eone2ic0mlg3ne gunl at i on agodet hega@ B8 i on, whi
formalized reporting requirememgal @abronemdhal 80Q8de
the LU&e@CIFati on, st pfeorrt 506f ptahcek ag e, further streng:
aiming to i mprowe atntde atcrcamrapgriemarfd hembobWhUCBasactor

Targé@&he European Climate Law ensohrriendelsHe® méeesBEUD &8 s c on
by at | east 55% by 2030 campaceleidmatoe 1mMeOWt Irl relvietl dse, b ya n2
to ensure that sufficient mitigation efforts are de
of net rem&wald 30 tol itrheet e t arget t ee T2h2e5 Inmaw |alosno tsoentns
foundati on f or-neagcahtii evwei n @ minsesti ons after 2050, whi ¢
contributions from remoeglisat iTdire & ®tvalsleids hheUsLt UL Fbi n
Mt GOf net removals by 203-debntd roter pwhatStsarteehqsei n e

to ensure that anysemiasnsdi dmog efsrtamny laared fully compens
sectors. This rule is designed to maintaiLiJLaUChal anc
sector, ensuring that LULUCF activities contribute

under eftfhearatr renggu!l ati on, the EU all ocates specific emi
Me mber States for sect orrmi snsoittoandsicyw gtr eEMUE OSy) ,t hseu cthU a s
tramgpo buil di ngs, and efafgaosh &cruitetgurl eapg ri idfha d iel yt hfeoc us e ¢
emi ssion reductions, it complements the role of ren
residual emi ssions with enhanced removal efforts.

FundiSeger al EU funding i nsotmmnuonag nt s u padwirccdyi g SCAPhe t
Il nnovation Fund, Hori zon Europe and LI FE programs,

di fferent r e nichvea IN EnRe3tO0o dasn.d Connecting Europe Facil
to funding Iin@GCXxastructure for

Bi oenerBfBheinsai ns an i mportant part of the EUGS renew:
to stGHG@GMNAEmstai nabiundeyr ctrh ee areewaidnsleeddiyr ect i ve ( RED |
adopted in 2023 tasf oparbth oopfe oeshmegneg otthhaetr sit contri but

removals without wundermining natur al ecosystems. R |
bi ofateil gh sknaoifrect | and use change, whiich eamsyesdgatm
l'i ke foreding, tthyempmat by 2030 uniessrebéyl and oaset
risk. Thiai wedfur@e t hat bioenergy is sourced sustain
climate goal s.

Nature resilherbBatone Restoquatiesn Meawwert $Smhatpésacteo ef f e
nature restorani am meagkrass ng share of EUf band, w

enhamighe stock of ongancal tarédlon!l amdvet it m elgu dif n gd rtah
peat !l andisnfgorreesstt cerandyynttamigatt he EU c ophmintt meant |tem st
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three billion addftuclbonmetaseeespodyt €d 8theo vV enh Istahnec eE U
by increasing carbon sequestration and making exis
reversal ri sks.

T For eShtes 20 2fdr é8Jt at egy anfor erboeni 2 0fr @ mgwor k are design
enhance the role of forests as carblbandisaéeéeo Bl gen |
due to defores¢ athanges$ shmaznadr dcsh € snet pol i cies aim to
preservation and restoration of forest sustTahen afbdrees

carbaencl es communi eapihserstihevhneédd for i mproved forec
practices to increase carbon sequestration in nat.
reversing the shrinking capacity of natur al car bon

EUDds cpalnaakctgen gosti hdeer momat hods
T CCHfrastrucceut ef ahet 20M@ r&CS i veér amwr dpgheean net wor ks
enermg®egul ati on have | aid the groundworakntdfhoer CCS

publication of the Industrial Carbon Management Str
forwdEC, 20ZMbhAdustcar Bmanagenmenbtewtyl i nes a compr e he
framework for scaling CCS technologies across indu
ndustries with high residual emi ssiomel amadt doinv IiICIC4

i
t echno.Tloerd relseermo vaanidar b tam micagt i f ( EKCEFPwl a(tEWL,N 202 44g)
est absai ssht aseddarcdeirt i fi cati ome mp/sd agne rf ma m ebnatd Wwaol s
ensutrheesaci alenandonment al tiondoegtriigveasntdor cdanfidenc
regul aitmasnegtovhe mar ket for certikéeywydelroefmaenhtzel € Udmalcil ng
p

olicy f.ramework
Further i mprovements to the EU policy framework are n
speed required for meeting the EU climate objectives.
Despite these important devel opment s, the current E

removals at the scale and speed neceNsusteerryo utso crhead tl etnly
need to bethlwveugh maddirteiiopnbablir c e d s .

The EU&GBsecltaamdon sinks, such as forests and soil s, h a
| anude changes, and climate i mpacts. This decline has
under mining theUGsbilUatWyLeaf atshe reli able source of <ca
pol ihcawest byesnuf fi ci ent to reverse this hterseehdrahdsriags
indicating the EU is not on track t¢EBAet.20RB8c2030 t a

The depl ogenemame@nmtoval s remains | i mitteahode elagtveeflhsi gh ¢
technol ogical readiness and the needwiftohr tshueb setxatnetnitalo f
barriers dirfdmpavialg .medfideddes t he policy framework for CC

which is critical for BEGGCtsatsthd| DACES, fpemmbheeng depl

necessary to make a significant i mpact on emissions.
Thei alnd opportuniti e moseadesi daitwear swa tehnd  wi | | be analy
i €hap3®hese include environmental, soci al , -raenldi eercoe 0 mi
ont emporamgval s, the rebound effect of mai ntaining f
robust governance to manage these challenges.

While the EU®6s poleimow asfl seavmoelwoirrkg ,f oirt remains at an e:
permanembval s. To meet t he -rcdg amnaitwe nemityaildnsy taardg eted

to continue refining andTtlixpanmmalhgdeadhn esn bfarrmamenwgo r tkh e
capacity of natwidalkreashonyg $iemematneaodsei mucceCbs of t h
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remopalicy framewor k wil/ al so depend on its coheren
related toiaduoemeyigyr eand B haovdil Ve rbsei teyrswa ie anlo vatr bes
depl oyed sustanhabhbtebtEd)idbtdroo ader goals withopauudchcraesatin

competition for | and or negative biodiversity impacts
A more detailed assessment ofretmogadt ati es and | gdes pir
PaBof this report, where we will evaluate the specifi
opportunities for i mprovement, and the steps require
climate goal s.
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2 Removal methods and their status, potential and costs

 CO:can be stored in geological, terrestrial , or ocean reservoirs, or products . CO, removal
methods can be categorised according to the process by which CG; is captured, storage
medium and storage duration .

1 The E U @aad sink is shrinking. The LULUCFsink is currently the only large of removals in the
EU, although its overall size has decreased by around one third in the past decade. The
observed decrease has largely been driven by a reduction in the forest sink, particularly through
ageing and harvesting, although soil carbon stocks have also declined due to management of
agricultural lands and peatlands. The LULUCF sink is affected by natural hazards and,
increasingly, by the impacts of climate change.

1 Land management can enhance the sink in the short -term . A range of land management
practices could contribute to reversing these trends and strengthening the E U &asd sink; both
by preserving and enhancing existing sinks; and by restoring or creating new sinks. The
literature highlights improved forest management practices, wetland and peatland restoration,
and soil carbon sequestration techniques among those with the highest short -term potential
tocontibut e to the EU®s ,hil8 practicéd suchCakaffarestatignenay take
several decades to provide significant removals.

1 LULUCF removals are temporary. While removals by the LULUCFsink could potentially be
delivered at relatively low costs, their long-term potential and costs are constrained by
saturation, lower typical storage durations and competing land uses. These removals also
generally have a higher risk of intentional and unintentional reversal, and are therefore
categorised as 6t empor ar y d rtypioabocarddn stpragev dutations of decades to
centuries.

1 Several permanent removal methods exist. A range of emerging removal methods have
been developed or proposed to provide permanent removals, with the removal and storage
processes creating the conditions for carbon to remain stored for thousands of years in
minerals or geological formations .

1 The potential of p ermanent removals presents several uncertainties. Methods such as
BECCS, DACCS, bhiochar and enhanced weathering have not yet been deployed #&rge scale,
and current costs are estimated at hundreds to thousands of euros per tonne of CO, removed.
Estimates from climate models suggest high potentials, and costs that may decrease further
through supportive policies, learning and scale effects However, costs, technological readiness
and environmental side-effects will need to be addressed to enable their development and
deployment.

1 Future EU removal potential relies on trade -offs. Overall, estimates largely consider
technical or economic potential, with less focus on other feasibility dimensions. The realistic
future potential of both temporary and permanent removal methods may be further
constrained by other feasibility and sustainability dimensions, such as the availability of, and
conflicts over, land and biomass feedstocks, technological progressand infrastructure, which
are explored in greater depth in Chapter 3.
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2. Defining car bon sdiamait dhes dr e mo v a l

CQremovale defined as human or antrhernopotyfemo m  talkce i v
at mosphere iaddr atRleynevaheul d be clearly distinguished
management practices, especially CCS and CCU.

The | PCCb6s Sixth Ass€@@semavalRepast adehiraopeg&€® ¢ acti
(Ipcc, fz20m2dhe at mosphere and durably storing it in
or in pWhdruettshis definition is broadei€®GHIGes taHiso iisc
referr &dGteomoavsal s .

Tocl early identify removals withitrhetmhemcarbemssgs!| oer a
carbon managem&mit fadiOBalfitchse ee key princfplébsllitadtfm
an activity to .Tbhaasetshasverai ignebmolvawt he acti vi €Qomust ca
ot h@H& from the pmptmaes pher d)(widiuhadl ghatacteliitstic sto

at Ildeaxsatdes “(pri moi,glamdaA)msictbe the result iofaedaibliman i n
to the Earthdos pniatn oair@il @ p8Xpampslsgvdiesf eDAATESApt ured direct
t hembi ent saobored durably for thousands of years or | o
occurs with processes or technologies that are the di
are also iFilgébebhowd Bnd a more comprehensive overvi

provi ccecdt Rm@

Sever al rel ateddapmmod a cdafe sStsteys daddiryi nci pl| @Br eammadv ahlesn,c e
as also i Figébebhowd [ n rpianrctiipcluelsarl, and 2 are necessar
CQremovals from other carbon nwmadnwadg e@ge ndCSa catnidv i d a retso |
ut il i satHorn i(nCsCtUgdnc e

T CCS prso@maess in which a refaobmvehduptr#¢ edtateadmeofer@®@

is separated (captured), conditioned, compr-essed ali
term i sol ation f diMmCtCh eWhdetxrPdeabdsp hseornee) appl i cati ons of
can also result in removals, not all of them do. Fo
CQt hat is replaced (e.g., pl anting new trees to re
CQGback into the atmosphere naturally (e.g.,2dead bi

is first removed from the atmosphere through photos
when that biomass is combusted, yandosGe®Se eagpupelniteldy tso
fossidmiGO(i bbofnE8LSH)es nopr i medqtptaei & results ins emissi
f ew@@®e mi ssrieolnesased into theiatemosfmid®Or e mpviedt fmotm t h
at mosphleP€g¢, 2022d)

T CCU is a proceisss cianp twhriecdh adhd t hen us e(dl R®C,p.r200d2u2cde)

Most applications of CCU do not r esfulotm ian fao srse rho voa
and/ or uskot hpto€O@cts tilfatr anlisyhogttomperC@d of ti me (
For instance, di néot abe-ltimpdbpebdiuc€C® such as syn

not me et princomlly Res CICtU icminea betmbvadctivelCO r emov

‘Smith(208d&)ine durable storage as oOsufficiently durable if
ti mescale on the ordehi of dategxppuddeass loyw esdoopieigkdepetrs arbditf uel s,
note there is no clear consensus on the pr eFcoirs eactthirveisthioelsd t
me et this threshold of durable storage, they can be furth
removals, depending on the typical storage duration, as de:
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at mosphere (eathecaptardioectndirectly via hiomass
and then stuomrmdoedncta f orelevahi mpediPoCA, af2 0t2i2me

Figure 4 Examples to distinguish CO, removals from other carbon management practices

(0, captured (0, stored Result of
from the durably human
atmosphere intervention
Direct air Q Directly captured 0 Stored in Q Anthropogenic Q Removal
carbon capture from ambient air geological process
and storage Teservoirs or
(DACCS) long-lived products
Bioenergy 0 Captured via Q Stored in Q If biomass is Q Removal
with carbon hiomass growth, geological replaced, or
capture and and not released reservoirs or would have
storage during processing long-lived products otherwise been
(BECCS) or combustion released
Afforestation, Q Captured via @ Stored temporarily @ If result of direct Q Removal
reforestation hiomass growth in vegetation and land use change
and improved soil; or later in or would not
forest hio-based products have occurred
management naturally
Biomass or (@ Directly captured  (3) Stored in @ Ifbiomass is ®»
direct air from ambient air, short-lived replaced, or
capture used or captured via products and would have
to produce hiomass growth released when otherwise been
biofuels or combusted released
synthetic fuels
Fossil power or () Captured after @ Stored @ Anthropogenic - () fossil-CCS
fossil-fuelled comhbustion permanently in process
industry with of fuels from geological
carbon capture fossil reservoirs reservoirs or
and storage temporarily in

long-lived products

Source: Advisory Board (2025), alapted from Smith et al (2024), Figure 1.3

Therinci phe amasbhteamtyhr opogenfircdmr ecée s hlima w(ernitnicoinpl e
3presents additi ondaeln tciofnypilnegsi@amiae sloevfaitl m ivi g a retswhceurd ar | vy
di scusmi agi ons aly hreerm@an&l  and to a | esselndeext etnhti st h-
prindirplmodal rdt pgascddoddept ake by the | angl @tnhientdh e eoccte an

humampaaecn st gek.egr owltuhe CtQd er t i ). Ormslay i ent humaswualcti vit
as |l and use change, harvestriemteamvdhebgneawaphpCO®he byher
the | and sainmkese¢ceami s( 8mif i mi ¢ i@ladhgl 2MRdelesr oa mpdatrhesmay s
generally adoptst lrief $tetedt ismeé ¢ € ® iraeg mo waoll ;e wift GHG t he gl
budgwhepnal pahanapet bf o p@@emiiscsi ons aad aeqgqbubthhkI|Iltevel

humamduwadmil Ag | en etThadi.s,t iZ2n0e24e)e peci al | y ni mper tcaomtt e x |
of any markets or whetriefmooantléso h n ts echodbendtse r bal ance res
emi ssions (eca@ntirinbumtiwvdiie tdl, asoisupretdiCehra pdier r el ahéon to

i ssueqwifval ence.

Howevienr ,t he compi | aGHGmnverft oaitd ®ihfadr ent died mind diimms i s
andemoval s from talse ill dRicdgt&bastlledds ipneUnitthed Nati ons Fram
Convention on @INIF@)t@ev eChhtaonrgye glui del ines, | and is catec
it is considered Omanagedd or ©0un memearge difu mavia niargteadr \ el
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and practices have been applied to perfaordn wherdutchi ©
proxysedldmi ssions and removals thatreonsiuderoend ntam alb
ant hr opogetneiocse f|ldioneos trffersedrh t ect human(liRCEr VAZBSO2 2 dn

webhHBomvent ory meptordoanimadopts t hi § odefpioniitciiers and cl inm

(All en etThals. ,i nZd 2udd)e sa lelnhies sEiUo n swhaemrde r emovad st ninbmae ag
to 26BB0 target wunde&&E trheeg ufl &8 Asoen@ 8 R Wi ) | as the overal
205c0 i mat e( Edy g2lOhdvlisbhd e r csecro plee e sfsoarr ycomparabil ity with
and policyasawgélsas assessing the trendsThingd alveo al

refdpercatct i cal ddémnicuytngsandddri eehtthmplimeanmnitdosti ons
and removals in,tlge viOWLAGFRELS elcanod man d gl It enchta g her e
few areas imeméaieniEndg t hat ar e n o thuabaihcetcit\eiMic iGena tsho neet waaly
2028% further GChamdtieder ed i n

Figure 5 Conceptual inconsistencies in definitions of anthropogenic CO » fluxes

Definition used in global models Definition used in national
greenhouse gas inventories
Managed land  Unmanaged land Managed land  Unmanaged land

Direct
human-induced
effects

Indirect
human-induced
effects,

natural effects

‘Land use": Anthropogenic CO, flux ‘LULUCF": Anthropogenic CO, flux
defined as arising from land-use defined as occurring in areas or
change, harvest and regrowth on land defined as managed

Source: Adapted from IPCC, 20221PCC, 2022d)

Whi | e alpptr lo ahcahvees mebré dcesmes | mpocteat |y di stthenmguwlsén bet
di scussi ngi ndrdeinfofvearl®sndtp ac o v ic @ttitsscluys s € ngol e of removal s
GH®udg€hag4er cer tainfdi caadtdii@Chap®ker taynaader ef fotrhes t o r ¢
decline in théeéh&pfeml|l ahdsalkchkeifiiessi ons and removal s i
sink ar ewh edpeosrctreidoi ng t heefamwderimbDd&§CBt usesmoval met hods

Varimeshods ca@GOdemovalwhi ch di fferdianemessd onseveaemall udi i
process by which carbon is captured, anldé skt ofagevme di
oft hatt or age.

There are many waQ@rse nhoov acla treeytoliraidsseng t he capture and s
thet orage metdhtyrp iacnadl dur at i otnhlecefv etl hiosf stteocrhangod ogy r e
whet her the removal occurksi gosr elparned et si it htthd aco@mamy .
processes and thei(rl RIQC,atd N2 fo,f ps.t or2a,ge2022d)

CQi saturcalptwred from the atmosphere through biologic,
stored, as living or dead biomaWhi | & nmweclpatuetstitiorirest | omi
occurhg opghshiveemass , tewtplh ocess can be enhanced throu

SFor instance, in the Advitsaorgyr B ea rwhdss aa ddviifcfeeroemcae 2 M4 0 c o
shared6 ewhearnatiersdi rect LULUCF emissifooas tme pampesidhien gver e ¢
EUOs f aire ggH aorbea | 0 fGalrGad kctdldegmeatt e neut valdietr pi saemar it de advice o
emi ssions reduction target, where indirect LULUCF emissio
compar abiGHGryventdhhpoetamggdt s .
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management , priancctladcdeisr g st ati on and reforestati,on, i mj

agroforestry, soi l car bamds d diee srtersattoiroant i toenc honfi queisr e
peat l.dowesyerr -baneldosystems, this procegeneifcammypyhon se
conti nue ianndadeofsitniitnedli ywiidualevseinnnkusal |y reach a point at

net removals dupat ortetrsa gneabceamuage irteya clhhedosmangf BEAJ O
2023f)

I'n principle, good maintenance and management of sinl
mai nt ai ned ,wintdle fi @tl € ab pa sod g €tOa t-o0 fofs ochit e nual | y counterb
by mewuesttram orget atiiowmev egtrioawhérl.&ar e di fferences bet
met hodsSe(tsieden?2 y E movwailtsh st orage inawvdget antaineers,ofd @inl s,
categori s-epéer man e retmpoorrr armo v a l me twhhedse typical storage
range from decades to centuries depending on the met|
Fig@)rTehi s al sa hnghedevicdwkakfh treefteres rel eacsapdfurgprdevi c
and sCO@umgadain into tRevetmad ptemne t hrough | and use ch

def or estwaettiloadmnad mag e, or changes to or cessation of n
mai ntain ca(flbP@C,s.t2Ck&bel y Iliiskekmahdaddtraobe ombhs s, and
various authors have highlighted the pressures from
storage in the |l and si-nlo, meareu(imEEAAr RP28h; t hensdhomte
Natur al hazards, suclhndbkowmidénd fdibraeasg,e dsrionakgsk easred s a |

Cli mahenge is I|likely to increase both the Iikelihood
(EEA, ,2@24dbImmdyf telcghy salbial istoyneb itkos absor b and( IsPtGO,e c a
202 2KOr exampl e, weakened and aging forests are also
(Forzieri aemtd ahejr202%k of reversal can be contingent

The <car bonl asntdo reeantiad so be converted or transferred i
i n somecamnm soefsf er mor e dur aolvlee mo d eoxn geefr dstygprBaagpgdnassor ag
cabeused to produce harvedtasecdwepogddboet et hbee bitorage

depends on the typical( Slmifteét iemeWaolfh, tBE@B€EMe@d mtted by

bi omass coimapturoad, and transferred i nWedrleggewll aotge dc a |
geol ogt acrtdygpei padbsyle conditions for carbon to remain
meani NnBECKE&MWMACCSsee)abreel gvener al | yp ecrantaengeonrti sreedmcavsa | me t
(Mi nx et al ., 2018Bi Bmanndecartalasdo ,b@024¢d 4w ocphroduc
materi al that 1is produced by-lhenatieng eavgamincmemast eBi
ommonly proposed aswhd cai0 irdevniadreemcdemesalpg perstdse mor e st a
onditions f emacteorrfbemdn d ecmateesn thiokh | EHgwemiean d itnhge ocnont e x t

see chd@&pmielrairdd)gdhaamr be aatdleddurtado| e e oagsucans aggregat e
oncusetd in chnwthreuetit bei shodapgpendsrath the typical |
Smith et al., 2024)

(9]

—~ 0O 0O

n addition to these terrestrial simkstflryymeahs atean
arbon cycl ei,swakesebhye€Of romht bedmimoslp haenme bi ol ogi cal
nd stored in the form of diosmamadivreal loirfgeafnorcrhs nor gami
| dcCrhri sti ansonTéeseael cor2dpepreceiséé@sdaamrt hr opamaeni c

ot the result of meman aige tahcecycewitn eothi GH&Inventseries

emosfaoll | owi ng t he UNFCCCHorweepvoerrt,i nrge ngouviadle | mentehrsods e x i
roposed that ai mtthoe diarteec tolfy ceanrhbacnecaen pt akbbomyuwglhlee

uman int.®©®neeeXxiaompkani §erti bitset igom,wtvhherfe phytopl ankt
ncreased by stimulating biological pr,ovdhe £he s,s tsa oirre
urably as these organi sms di e latndc asni nakl stoo itnhcel ubdoet ttohn

o —T ST T~ S5 Tt o —
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and mana@pdmemdrtain coast al and marine ecosystems (¢
seagr aosfsteeenj erred t o as Obl uea Kkcearrrbeosnt rniaanl a gt eenmepnotrfa.r y S f
of otbveasmed reéemdwvadl §d mpacted by natur al hazards and con
actions.

CQcan also be captur ed-bf bt oggegdocahhe mamaghei wd|l n@Pexntasses.
minerals naturally regacrtemoiftrhotgaeimaspbepher €0 Whil e t |
processes generally occeftevahy bDvmesgaloé¢Dgi sameéyr emo
accelerate these processes through human interventi
distributingloecrwykeed| minder ashere the accel erasiend pr oce
increasedtsafgionOodarcOal kalinity enhancement distri bt

increase alkalinity anHKi n®DAICES&padcecicthwotl ®mgaltsadr pr@©@@ es s
CQdirecttygefsomroundi ng at mospher esd htrro&@@cha hcentehmeinc able p
stopedmaniegpédblyogi caloiresreapriccedrushtes e the storage dur at.|i

on the typical | i(fSeniitnihe eotf atlh.e, p2r0o2d4u)c t

Less -sweudi ed met hoodsemea@&t mios report but could provide
t hffuture to meet the EUO®8s climate mitigation objectiyv
Ot her removal met hods are | argely at a conceptual st a
options in thelfudti np€®G6HAs wtw wmfont he FRoirmoisrpshéew e a |
addi to omemmatr mabbdsned met hods have sue@dampgpmap ensidcdhi erete p
ocean water to fertilise the surface (artificial upw
sinking marine bioma3hi snt epbh ee xdabnsi pn eddcedpaenhoftu | | range

prodts that coulGQsdfofréam e d uTthaedbderao v al -CAOfGHMGEM om t he

at mosphere might become aplotdhdoiabglde airre thilwe dfewsduors édrad tee d n
(rpcc, 2022aff, frp.asid)l e, these methods would increase t
t hmo-€Qr emoval met hods, providing more options to ach
manage -otfrfasd e( dii Shcaupst 3eerd 3

Figure 6 Taxonomy of CO; removal methods

Decades to centuries Centuries to millennia Millennia or longer

. Temporary - e Permanent .
- b 4
Afforestation, improved forest Bioenergy with Direct air
management, and harvested wood carbon capture  carbon capture
products Ocean and storage with storage

Ocean alkallnlty Enhanced (BECCS) (DACCS)
fertilisation enhancement  weathering
Blue carbon N
w management y

SC... o =)\

uestration
59 Wetland and ﬁ
peatland restoration s
Biochar

Oceans

Vegetation, soils and bio-based products Minerals and geological formations

Sources: Advisory Board (2025),adapted from on IPCC AR6 WGIICross Chapter Box 8 Figure 1(2022)

Notes: Figure provides an overview of removal methods, grouped by their typical storage duration (top) and storage medium.
The forestry category also includes forest management and agroforestry activities, which has similar storage durations and sbrage
media.



2. Dvervi BEW eonfiov al pod re nmha talH o d

To compl ement the Advisory Boardoés previodspahabwnsdges,
EU ocused overview of the status and trendsCQfuture
removal met hods

In its report on a recommended EU climate target for
of potenti al removal volumes by 2040 and 2050 base
underpinned that (rAdwvo mme tyd &8Tohae ma n a2l0y2s3i)s bel owi tclto mpl em
an assessment of the status, potential and costs of i
wi der portfolio of methods than were captured in the

Compared to previous gl obal assd9maS8phepbgRkOAPDIRT ex ar

focuses on |liter-atrurEBaur-bepei#asdiimatEYd of future remova
costs from individ@iavem etmbe ad o mett ihmels . substanti al di f
costs and potentials as detailed belkearygehef raoml yaiis
sources,; prioritising (where proesvsiiebweed) praepseurlst si nf rloimn

Advisory Boardoés met(lAddaolsogiyc 8lo aagFmgr ®d@R, rpmo 8 a) me t |
Il imted number of studies or wide disparities betweer
esti mat es. Where loeswi dhevalesd®5@mreidaelnigi oprot ent i al oV
similar timalbhbdougdbn)some studies do not bdavera pased
genelraatger m t echni.caHo weovteern,t ieddgrl mce stl iymathbdhahe)2@ 40
were excluded from the analysis.

Currest estimates are | argely derived from glidkal est
or -€£fJeci fic cost estimates were avail abl e. Whil e the:
met hods, they may underesti matdeors,opanrdstciuidW€Ft hd o
sector wheresulhsetranfciamr deces in | and and | abour <costs
ranges were supplemented by other studies for compar
cots studies from individual EU or European countries

est i mka easc.c odiinftf droent currencies and time horizons of
converted into commomnNEURN20Wh thalt hes methdUABAax)gd )W usSec
Assessment Report.

Chap2pprrovi des a summairsy aocvceornvpi asmaitecdbtubty | ed anal yti cal
Anne)x¢olnt at hengetails of specific studies and scenari
and costs contained in the summary overvi ew.

2.2.1 Status andrends

Today, BEUGsetpme t ed oe mgvfmlagm the LULUCF sector, | arge
However, ageing forests, increased harvest rates ar
contributing to an ofngrnémigkwiricll@tn@gooanr @&mMmdrs soi | car bor
stocks have also. been highlighted

As s hotwhmleaitrersment ory b8t BLFolre Eh@d)rneelt UL UrCd&mo walr £
238t GORO2Ret sinks i n tdemd ULdCHs,iwkleaed r e wme 2eDI2s

' n some instances, esti mates are based oxn7 a( fwdrd ee x agreplge ,a pd
esti mates WRa&8B8seod cemtHUnates including Norway, Switzerland et
to -EU level baoedian eaweammhrt i ng falFoshaferoéxbmpkset bheagl
These adjustments are outlined in relation to specific stuct
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Mt GG rom existing forest | and anadn difaanrd4h@a oxderdmd t o
harvested woOtdhemr oldarcd suse categories werecmegl| asmodir ce
22Mt GO 022 gr akgsMtagpd (wet | MIn@P (2MBd settl emenntn®r and
cat eg@®@MMteGP. (

Theize of the EUO6s reportevhelUl yCrintsehaekipasis-3&chdaeed
bet ween 2012maamd y20d2u2) t o the dé&Kbirosesuionet hFeolrf ommo&& 2 H3f
thes'Qednt ur@Qr emmavals from thd ulcllwAG e @DédtHESre r

annufmal | owee dshbayr p decline to todayosii@vidlisgd dwieseirbl e b

rates ot &kOe in EU forests. Sever al underlying and i
decline, including agei ng f ordeesntasn,d ifnoctr ebaisdpmitodhigam ¢ e st i
i mpacts of c(lAdaiteorchaBg@ridmakt®@2dhange i s becoming an
threat to the EU®ds |l and sink, and in some countries,
drought s, floods and diseases/ pests Ha&EEA, mddde dteh e L U
trends have significant implications for the EUG6s LUL
EU member sbhtesobaamet yackiteltveewkEWe t ar gdgtAdfvarsoz2 3 Boar ¢
202 4; EEA, 2023h; . Korosuo et al ., 2023)

Figure 7 Emissions and removals from land use, land use change and forestry in the EU
200

100

0

-100

-200

Mt COze

-300

L 4

-400 Net

LULUCF
500 Target
-600

X 0 @ D A * @ D D
M PN R S

Q & o o & O &
O L LIPS S AN B S

= Forest land Cropland
Grassland . \Vetlands
[ Harvested wood products Settlements and other land

e Net LULUCF

Sources: EEA(2023d)

Notes: 6 Dr ai nage & rewetting of organic an<ategorynfe drainages oi | s & i
under each land use category.

Recent research has al soshagébl byhdt ashodioloshgenns icar bboe

st ooMhshet emi ssgrommssifamdns, cropareadselaadi welt E@smmal | w
GHG nventories, soi l carbon has generally been highli
potenti al for unreported | osses and gaimest houde | 69i wa
di ffermneadaedielapl ement ati on o fprsaocst|iBadalnageene Deets pal e, 20
t hewsrecert @ie®@h ap®,ehe organic carbon stock in agricultur
to have declined significantly ac(frPocesplmostamnd .EFaclhpw,

Both the natur al soi |l cosntnikn watdt feakgioni icrod tt e; foah aerixgaemg | e ,
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temperature inlcatiatsede i medciigrhs causes permafrost tha

stored car bon( ArnaNda snaertrhoaneet al ., 2024)
Despite these concerning trends, the | PCC dessccaliecbhes t
CQr emoval may currently and at short term be possi bl e

term mitigation potent(ilaBCCgt 2r0e2i2&t3i) vBeplmpo WIddOw med hitod@ s i

LULUCF sector have the highest technolpaiirnctailregvetacdi ne s
technolcohqmildatlogesdepl oy memtmpatr eod h&elobe emerging technol o
2022k However, technol ogi cal readiness does not neces
i mpl eme potra tsiucssnt ai n a ifl istpye cd d yi ccw hmreet hh cadrse out |l i ned f ur th
bel ow @map3ifmurther more, biomass growth times means t h;
new sinks, me atnd rnny a phtaitomsshotra address the EUO8s decl in
LULUCF target mayAbei morg Bomrtded2024)

For permanenther eemogahgmet hods, which are mostly at

have yet to be depl CQadce neotv ad ¢ avlod ,u ncewsr ragmnet mi nuscul e.

Current gl obal sfrreamo viad roweornaintiee r e me rngeitrhgo drse norvea Imi ni s ¢
with an esti mpteted yk.a3 WMinCQO023, al beit with rapid grc
(Smith et.OCIGremd@2ad hodid si dbood contained in bLULYCF i
bi ochar appears to be deli¢y&mihd eeamd ai 8 RIORtAN yh e e EtUI,
(European Biochaindindatsitmmg , a @@r2d83%i vt eOOl ye&@r 1 comi ng f
bi ochar. Ot her met hods such as BEGCCnser gha@@a,sednhanc
met hods do not currently ©provaldieh drduegghroer ada se i pr d jhec tEsU
currently at different stages of development.

2.2.2 Potential and costs
Il mproved management and reduced harvesting of existin

that coul d del i vetrersm gmnd ma walng &ath oa Hroevlea thiey e lteynolveaw ¢ o
potential from afforestation and reforestation is con
ti mes.

|l mproved forest management

Annual EU p Current <co TRL
6 38 Mt C,O 0-5EUR/ 3t CO 8-9
: 12 66) (a413)

Source: Average annual EU potential estimatedfrom literature review by Verkerk et al. (2022), costs assessed based on individual
studies in Annex .

Conservation can protect existing land sinks (e. g. a
while restimpabived &Aodest pmac&peamd mMe guset raxi otni rog

managed .f olrhd st xcmmad¢ thicd asiesuch as | onger rotati-ons, | e
cover forestry, change of species and provenances, an
(efgrest,hrwoivpdsts arndPCLCiCs d@dadlepapduafoaeastdi matebhe | iterat

a potentially wide range of futlu® élt &Pevalear myti2@a0
the (BEWane)x Wwith-wone EWUterature review F370MtiG@eraver age
year from i mproved forest managememptr pyaatri desomamded:
deforedeakieofk2628BNe)X. 1

The cobBbsentf mapagemeéerctes are often assumed to be am
management,aspttiherys mainly need to compensate for for e
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|l onger rotation | emgyysdehds manapamentld adlpgdmoeanbdecsSlU mat es
suggesti ncotshtes r-8 0gWeR/ ¢, fC@0 t hough esomemaE&scbuomries co
hi ghesrdeneXxWhii | e forest bi omass growth accounts for 1
potential, it should be notedetxhat i hgr eatr bomi Isgs orckpr é
some of these practices (particularly diverse species
and storage potent i al( Abdevyiosnodr yt hBeosaer de,s t2i OnRadt)e s

Af f orestati on
Average amneal Current c¢ TRL
6 ﬁ 49 Mt CO 251 0BUR/ t CO 8-9

275) 0-2 1)6

Average annual EU potential estimated from literature review by Verkerk et al.(2022). Costs based on global likely range cited by
Fuss et al.(2018), and validated by national-level studies in Annex I.

The fué mompati ent iianc rfeaabsieodr est ati on ainsg gefemadiewt i on

t o consitnr alianntds awali |l aonigleirt yg\feorwkt enr kt(i2nbe2stt e Bat uafe r evi e
af forestat iadr opraadetriaggees EU potenpeal gyeaf, bWh MOEDI der
range from thgMMtiG@Eenntyueadir osdambtbeassedhudrhor assumpti o
of avail alwliehl amdi vi dual studi esO%Widfhithhda hEWO 3§ aangrei @au

being turned oveFuttwreeadfalregbbeénbinal al so depends on
and i n ttheer ns h(or.te. by 2030), the peodead imdwffromesatid otr:
to deliver sigmhéieans mnémovalbnsi derabWdeurcbhei cai mtny

composition sope aifd s rveisit le mgaof tf eepgttiveelnenigr t atboi laidtaypt utr @
climate and increasi ngCabedtairnet d < afgreédrgmetb adl an20 Ed)y ope
stuesuggesrtemdhnwdlasf ffaroemst ati on and reforestation could
approxi2nadoBURetrC® dependilngndnt wphee anda | pgrheowigdha s hees e
besignificant vaanrdi aotu{teldieenre3xc @st s

There can be -beEfmpobat weemndsome f orest matneargne nheanrtv epsrtasc
that might be necessary to replace with-trmeomg ;pracd wetl |
as with the wuse of bi o(maesrsk eirrk cettt waelv.emp p2l0b2a2s)é d oars t he

scientific |iterature, the Advisory Board has previ o
effects in the use of harvested wood product s, reduce
mi ti gaategystnttohenedhearmmsvood i s currently mainly wused

l'ived products or af ogrr esanpdrrapsnp s cdHbuvoetvse nvgietrh st or age dur
(efgogr construct o oraduace rti hedfsfed ddwriasdoer y Board, 2024)

While terrestrial wetl ands and peatlands have become
restoration practices could deliver si ¢ reirfm, c amitt he nma ¢
|l ongerrm potential to become net sinks again over dec:
g!g Terrestrial wetl ands peatl and
AnnualotEelWltp Current c¢

601 0@t CO (8-1 )BUR tp@® 8.9
(1-1 9)5 Based onEl s mi me

Source: Annual EU potential estimated based on interquartile range from studies in Annex |, costs from EU studies in Annex I.

Terrestrial wetlands and peatleasés habet alloavreiyretrh b ermEyt
sequester carbon very sl oWwhgd wh ealnedh dmgoé mangeb, @ vesdx toruagchtt

50



caused wetl ands, peatlands and organiads o itelsk a shoabtkee 0 0 m
that drai ned apbeocauttiMi2rCddp e e mggai vabheonuntdo5% of EU emi ssi
2024)Rewetting and rpersatcotriicnegs weeitnheadn dast, p e atol aan chse ad nt ch yo
ecol ogical state can significantly r etdeurcre, ewiitshs ieosntsi nf
from the |literature suggesting significant tpehnical
year bpl 2050gh mosatreesli wmbbesrdabtdld0g MpED ( = aen AX
1)Whil e there is significant unc@GHG hurey aodosardabf ki
rewetting is generally meiaghulpiegh tred gddsh BalrFit ibiepike it ta n t
termparticularly given the -8%Wplihataweubd begrieglituead
restoration and rewetting of degraded webalbods stcol]| c
although as befGCHGlLuvas mbké itlyeieaxact t({ Wielfsa@ameetdi dIf
2016 ; Humpen®°der -BeUtdceas t , e Qa2 t e s t foundat ibuaaé&lli mi te
estimates hawegdampleat | and reosutl dr poit emaethf gyt beeami ti ga
measuneseveral. EOviepaht esesmates contfari o dELULR® 8enex |
tC@Odepending on, thet |oecamosth | ocations, costs came Wwi
(sdaenex 1

Bl ue carbon management

Annual EU pc Current ct TRL

\t I nsuf ficien Il nsufficie 2-3
I'n sbeentific | ithdmuat wraer,botnh efatsargrh M@ ntr@f er s t o manacg
restoration of coast al vegetated ecosystems, , partic

di stincemémaimhods ai med tdhheceahaoneaerblgPRZC¥ZXIl;e Crooks et
201%hil e coastal and blue carbon habGHGhsenterl asgesby
removals may be included in EU member statesd invent
pri marail bty madshesu)glhevt bdleseare difficdlEEAtLt oBO®RBiahat boeaxr
ecosyatremktnowmol d hicgh beoxiHdtwenges , t hesrapwmajeoat i adur c
removals ischalslsercged aiim: carbon accounting, high wvar
(removal) rates across <ctoumbimedédnvivtd@ddmeyrsti emnegpgpeper
compared to othermalken®vial Oonen derdtaasi mnanedk pdnrcdalti a belmodv ¢

(Williamson ande@atwilUdeoesRiOomda@)es of status, potenti al
with availfabbem BEWUudobestriinedld cat i ngygmowmreémodov aledSgot ent i
Mt &G@ er yDeeasrp)i t e thi s, protecting and restoring these

mitigation strategy due to theirr amidl toyprotettcor € hli ar |

There is also potCGrtdmdyv atlos ianncdr esatscer age in soils and
agricultural | ands, such as through soil carbon seqlt
pot enopipaolr t ufnar ife@od production, biodiversity and cl ir
Ot her removal met hods, such as oceamaddlrlBbicditdmtnegon and oc
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\( Soil carbon sequestration

Annual EU po Current c¢ TRL
2 09 oMt GO 0-9 EUR etr CO 8-9
9122 (-451283)

Source: Annual EU potential estimated based on interquartile range from studies in Annex |. Costs based on global likely range
cited by Fuss et al.(2018), and validated by national-level studies in Annex I.

Certain agricultural practices can increase carbon s
and ingabowe biomass. Estimates from t he daditlercaatrubroen h
sequestpragdtoinces such as cover cropping, certain crop
management could deliver additionaltd2®héGdPpeal yeaques
although estimates of economic potential or those b

geneyr addggest potenz@aVit Genovagkar ¢b@eamdexEkdolc bhr bon
sequestrational pmaogi tbssar ehat can begin (udeaeltovet r

al . ,,2pdd)i cublradlydrrgmai afstdec!| i ni ng sroeicle not{ @@epasras car b
et al .Ho wedvedr), soils can al so becomeamsatamratatd afliegh
of reversal d urma nt aog ecreesrsta,tnper@arcittaifgeoersge r m p oafe nsgdiall car bo
sequestrat imay plroea et il dlems taedd.i t i on, soi | paoctae ibdodnra Isleeq u e st
chal |l egnogiensgdiureantteed hodoldodifcamlensaeasdi es, difficulties i
organic car bon satnac kusn cermrcke gfalnwx g, itnhpea cft st uorfe cl i mat e
(Wang et al ., 2023; SmAd hsoi2l0 l1dtar Fars ssedqu edariad2tioyd B ) e n
di fferectheespst can al sowiuvar ygl skhgro ga@rmdangétygemat &y
pointing tbhedwE&RPE eorf ¢ COWever, some estimates indic
(i .e. net savi nagdsd)i tdi eoenedflo d mos eme f praagirc¢esl tural prod
i mproved soil f erdsieléihtayp)ecr op yields etec.

Annual EU po Currestsc TRL

(1 62 5) Mt GO ( 290EUR tp&O 8-9

Based onesltiinmattee Based onesltiimmatt

Source: Annual EU potential shows full range based on limited number of studies in Annex I. Costs based on full range across
limited number of national -level studies in Annex |

Agroforewhigyh incorporates trees and woody biomass al
highlighted as a potenméastiyasulgailbe cdapl ony e d gani agr i
A |Iimited number of studies have suggested that the v

coul d preommihvasfe 250 MpPEO® year ,t halst hosughhased man | a nuenlbatri \
of stafdimai nly technarcdl eponaemitd adr reabilbewEs epeot ent i
Annex NPpwiEdJe cost esti maittels ael e mif tnesdt d fbuamabbd r ecsft i mat e
wi t hin iBwdiocgadt @tggof ocest s ymay al isd mwiltahi mange of affo
reforestwittilona r ad @eroftHOBMER, €210, t he comparability of t
chall enging dueprnactdidderaeansess édandt facqg banewea nad fn gc d htad
there is relativehegsé oasAgio s ioadweisd e yiap s@datpied e&s wndyh s o
carbon sequestration practices for the same | and, m €
overlap to some extent.

Asgeol ogi caltypi cmrd @ §c omdivtiiderss f or carbon to remain
BECCS andabD®BIE€Smost common permatntecidespt emewdali n scenar
Results from thegee sstt ahhigpgot enali mahough i hhprpoteonejal ¢
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BECCS is constrained by psestoanr gaabnid ianyd |biinonayshsa hrée s o u
DACCS faces high costs.

Bi oenergy with carbon capture

Annual EU po Currenstsc TRL
15DP5Mt CO 15P5HURetr CO 5.6
(4-3 6)0 (2 73 6)0

Source: Annual EUpotential represents approximate range from Advisory Board scenariosthat do not exceed CCUS or bioenergy
thresholds used for comparative feasibility analysis (Advisory Board, 2023) Costs based on EU studies and early market data in
Annex I.

BECCS the most commonmeée¢ himaaolemdedeimoviaAM s$besar uesd i
byw he Advi stodg yp Bomande ciet 9n t heAd@0dOotar Berh Adiei 202 §)
Boardds skenhawemdewvt honmental risk thresholds for CC
bi oenergy use, dZEsptrreivh 88t €@ psheecyrtie anlhdex4 8 MpEYear

by 0O5wWhichrrestp@odnar ibersEwi ykar of primary energy from

Ot hesti mates that explicitly |imit BECCS to existing
maxi muant emtiitali n a sivmi hamaxka mg e, 2e0s@t 5 PhtaG@e esy eoaf it hien
EU in theskeU tebhalttrost al ., HONEMcdR@Esd hotresappld soR9d 1 a)

pot enctonap e€tifoowr esi dual betdwsBeEECCCkSs bt her méehgds bi ochar
Furthet maédir ®p erastewdrbel oonfaesar c eGQxathnadr age osnbi eedosvi t and

i nfrastowmst umaéyn thshfee a s iobfri el ai cthyh elgecsweilr esi dual feedstock:
(Lehtil & et al., 2023heRwsaeet | adife faRE@REB?) cmthii diae e s

EWary wiadgliyn,dt 86 BmCGQPer year( &aeamr®8d3 e primary constra
BECCS deployment is the availability of Ildaenpde nadnedhtbi or
onassumpabofieedsdwaikl amidl iltaynwkdorusfeur t herondilsau ¢ aitomns
bi omass assumpgt®ons/ aiBn | AM

The cost of removals from BECCS25hBakR bpeeginnteCstt & nlaitteedr aatt
and from earl y vol uanlttahroyu grina madgedsc eekanteaf c i a | depl oyment |

reliabil ity oWhiihtepsoes sei sbtliemattheast. c ost s neaxyp edreccelnignee f ur
and economy of scale effects, the opportunity for si
relatively Ilimited due to the r glAdbteigye emartall r.ti,it e2 A4 )B E

of adequate pricing oseEtgbaerBedtr@@ emi ssi ons

Direct air carbon capture and stor a

@@ Annual EU po Currestsc TRL
@@ 50-000BUR etr CO
2060 Mt CO 45@ 000
(®00)

PoterD58&I 2 06-8
500 EURtEO

Source: Annual EUpotential based on studies contained in Annex |. Costs based on EU studies and early market data in Annex |
future costs based on trajectories from (Abegg et al., 2024; Sievert et al., 2024)

DACOas not inclcedadiios alsled in the preparation of th
2040 tlamr gtehe 6 astcgnadi wsth t he95%croendnemtdiealn 9t0atrhgeet f O
|l evel of DACCS wa3 Mt €&@eatri weeaityrh e oweati fhates from t he w
suggested a wide tech#aiOda|GCQprat dnetai2d®I5 0r, aordgheedrad e lghi n g

estimates of e ctoynpoinsiacy gpyostte mat inaalr r ower -6pOMt E@Pteiraly eraange
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(see AnnHaeaweéevyer, as DACCS is an emerging technology

currently delivering small volumes of removal s, t he
depends on technol ogi cal performeancesas.well as the e
Esti mates from the | iteratiunei maae & rraogre vod utng acgfy DnAC!

eatrsltyage cpdmnrtasnge500Do0 malB®Ber wCOh significant variabi
(sd@ené@xSever al aut hor sf uravhee rs g eetntt d dad c If ioe e pcebisid esh © e
curefef amtds ecioensb mscal e, with some esti mates dseucggenseti ng
t 0-60BUR pebyte®dded on theseAlhesgaumet i @ahs, 2024; Siev
Fi g8irll est mpatt ent i al cost trajectories for DACCS wuntil
Abegg (e20.B4)nari o results that show hiagshs uwnae essi gonfi fD AC
cost declines, part{(8ulbtahiy .Blewalkveve2@@PABECCBg such c
is not guaranteed, and requires not only overcoming s
policy environment with mechanisms to encourage a r af
ef fecdlse tpls@ecee CHlapfller s

Figure 8 Potential evolution of BECCS and DACCS costs in the EU based on expert elicitation study
by Abegg et al. (2024)

DACCS BECCS
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Source: Abegg et al. (2024)

Note: The figuresillustrate the results of an expert elicitation study conducted by Abegg et al. (2024)to estimate potential future

costs of BECCS and DACCS. A 2020 reference cost was provided by t
estimatesd of future costs i n 2-nainum rarges0n each figur tbessolid linerspreseats | as min
the average of the O0best estimatesdé, and the shaded area shows the
provided by experts.

Ot her permanent removal met hosdse wamieo 1 0¢ o liAWevdi tsabde b y nt
Boardal t hough t he hwahdiegrhlliigthe readt enmoedyea ltagd et i al fr om met |
suchbiaschar and enhanced weathering, and potentially
DACCS.

-« Annual EU po Currentsc

Ss

hd (7 02 0)01t GO 10P0BUR etr CO .

Basediometséd mat e (2 73 0)5

Source: Annual EU potential based on studies contained in Annex | costs based on early market data from CDR.FY(Bednar et al.,
2023b) and studies contained in Annex |
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A Iimited number of estimates from2OONe GO ri ryckiaad atf @ otme
biochmart nendleW di ff er(®eemd ArcEsmdrmases i nprtihmearliiltye raastsuun
the use of residual feedstocks (e.g. crop and forestr
of these range coming from estimatesThédsund amtsiermet ers g
t her dfickred y t o scoomREICCSt pwitehti als des BEICE&A&htabpwea,ates

on crop and forestry residues. Additional conflicts e
ot hersdamar hods (e.g. aff aeardas wa @iTbhee icBQsHt, ocefn hbainoc har i
| ower I épenr manent omemonealgi mgt hods, with estimates fr

mar ket data suggesti n®EURDNIOP e f {sdemep rfonkeantadlefayd m e
stabeocproj ¢ at $ twh € hihn gher end oni thhimsvrekadgsetes of
approxi mald4l50 EfR( Be€oar et. al ., 2023b)

Enhanced weathering

‘4II!E:5;. Annual EU po Currestsc TRL
(5 02 0)Mt GO 25860BURetr CO

Based onesltiinmattee (5400) -4

Source: Annual EU potential based on studies contained in Annex | costs basedon early market data from CDR.FY[Bednar et al.,
2023b) and studies contained in Annex |

Model | i ng -sacnadl esnmeaxipper i ments have been conrdihcatnecde dt o a
weat heribrug this has not yet been developed or depl oye
estimates from the EU sugg206bt @@ der gedepéikewitit hl $ hef
upper end of this range corr-é9poonmdi nthet EUBesplcbipmdg mtd

al ., . HoOMeW)er, it i s notndhlamare dt avevah iheh i exgt ermtn be depl
removal practices, particul arly soil carbon sequest
possibility of overlaps in e¢$¢tiemati éd8 A&ddiat iofgunr@tOi2e8rg mo v
researicths othechnol ogical feasibility, ri sks and benefi
(1 PCC, E202 2artoens t he | i ter at uaceo sge noeHErddiell y t opnedrC8a t e

which differ according to the mvorlrdl segpestr apipdbmn craa
bi ochar, mar ketst dgtea pfrrorgmceaar lay e | i kely to owinmeh i n at

aver age acroosutnsd2 BEOUBRO O Bednar et( sadaendx023bhb)

Gl obal esti mates of t he potenti al and costs of ocC
enhancement are marked by high uncertainty, while EU
Ocedmrtilisation & and ocean al kal:
Annual EU po Currestsc TRL
OF(2-4 0)E UPR etr C,O 12
I nsufficien
OAB MR 3IEUR per 12
Source: Cost based onestimated from the IPCC
Ocean fertilisation and ocean alkalinity enhancement
assessedPlCYC, tlamd to date have | argely been | imited t
and some f i e$(dL eezxapuerr ietendl ., 202 1T, h eHagrltonbaanln reetmoavlia.l, p:
from ocean fertilisatbi.bn #dityse@astbhyna®80.,at wioi.lle f or
enhancement, it has -Denstg@d i mblys ReDB®OXx O Np-s EdJci f i c

estimates have been found for t he pCootsetnte satli nraetnecsv ail n
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literaturei dediraantge kad by high wuncertainty. For ocea
rangear ofiZddBUR/ § CWi th a mediagpmprext BihR @ e fot COI mi |l ar |y
for ocean alkalinity enhancemeartoungdl cBb@GRE UR®ISAE wer e
although the potential for | ower costs were noted wit
potenti al are |l argely theoretical, and raiug kheondcé |hageael
gestions associated with the widespr€hdplepl oyment of

2.2.3 Challenges in assessing and realising future remgwadential

I'n practicehi giheheesgi mod depl oyment of any individual
chall enging, and will depend on overcoming other feas
Data availability and extent of research fotri mahteesdi f f
of the potenti al can vary significantlmawcnossbenf uinl
comparable due to differing scopes, di scount rates al
(Kim, ThEG&) e ggteinmatadd y show O6technicald or (to a | ess
sustainable or realistic potengdttalld nofe srteimoavtad s noeft htoedcs
economic potenti al found in the Iliterature, whi ch d¢
feasi biBosCyon(cegpd s i n esti maG@megmdhael pwdlrendasd apoloifti cal

institutional factorpr e ddirers egl rf eaactt ed®rh sdpe@petdivirli hs ksl ay a |
role in determining to what extent particular removal
significant additional barriers may be anticipated co

Box 1 Concepts in estimating the potential of  CO, removals

Technical Mpetest udl e sSCQrre monwvdilvimkeuadlods i n the

their technical potenti-ap, esvhi mat @as eofgenhlee ad
based on assumptions around | and wuse and s
t heoreti caolf maexmomuarh potenti al but generally
feasibility constraints.

Economi c-ebf ectdstveEptoitmaatt e @l of economi c |pAdtse ma
generally show the&€Qoemomal sqdamt iwthyi chf t he s
costs at a given carbon price. Economic pot e
competing | and uses and meftfhodtsi,vdnuds aalcson dira
| esmmewowl y reportéodasfdr rethby@Fs than (hPCEC, t
Ol sson et al ., 2019)

Ot her di mensi onBhefl F@@sdddrndiiders six differ

cli mat e mi tigati on options, including t he
technol ogi cal feasibility, economic feasaisbibl
(I PCC,.San22af these are covered in the consic
potential estimates, however some environmen!

two types of poO®s Eencttiiaoln e3s.tdi.mlatoens publ i c accerg

Source: (IPCC, 2022a)

As noted, studies on theopobentaké bDhtoemowvwalstopbdbean
traadfef s with other métl PC€Cs 20Q21 anRomsesi ala ,fi2Mi2tleg r
while it can support mul tiple uses (and multiple sou
t r aafef s f or ot her (smeQhteoop®eroMosusensot abl y, af forestati
agricultural |l and available for agroforestry, soi l c
enhanced wdatehheeriinsg.al so a risk that l and for bi oen:
catesgdrias Omarginal o6 is in fact used by 1l ocal communi
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et al Meztha@)s. al so potentially compete for the same bi
bi ochar production, -oWwhischwidéan forreatte ntarneadyee ment pract
removals and storage in standinddg midradsto. rEwdod uaher e
mini mise these sustatwmwédbéds i tgr cBBEC@%S nand biochar ofte
of the same Mmaddsgocksdi fficult t(dehdmpdr.e tlahadr.eafdalr0g23

ranges should generally be considered indiviacmwal | y t
should be | argely considered to reflect the potenti al
portfolio.

The costs of removal met hods ecsatni naa tseos dairbefy ecr onndset préudcdt iaehc
st udRemoval <costs could include capital and investmen
materials, etandevMRW,pmeamdearamnld | and and opportunity
cases, it could even takedidhtoboaglkdhet adio sy davihn g i
ti mber revenues, crop yields) and public(BGBehebiéest &ak.
202®) scount rates and time horizons are aFsaallxely
estimates are also often based on gl obal assessment s
|l evel , especially for removal met hods t h(a@o ellempaem de th e
al ., 2020; F.u sVgh eerte ,apl easisdii2dOlile8n a | estimates of costs we
EUJUor EU membert gt @atiedd evxemore targeted cost range. Gi
costs are generally estimated and ¢aqmpiatr edan nb ea dciofnfl
accurately compare cost estimates from the |l iterature
Onaspehtat has received increased ateemticostbnofheemp
remoyahad whether the costs in the I|iterature account
of the costs of individual met hods have been esti mat
horizons (i . e. using refesenseepdnhed a&f fbessdggthahslo
which do not necessaritgsods croewnetr sfad r otr h es aftiu@rQart e o n .

captured by an afforestation is assumed to be rel eas:
or centuries, this Dbrings with it a 6commitment to p
|l eveCQuoémoval i At etrtime ladmgpgsi de any future costs ass
remov(aHrsanks et gl mi | 20122 ) wi t h regards to sink satur
associated with SCS and forests may stil]l need to be
car bon breelnega sreead , this may result in ongoing costs w
(Smith et. aThi,s 2®3i6dyYyphusd task&dtiesr no fntaerng i nnoatl raebfalteecnte
estimates for temporary removal met hods, darhde tchoertesf or
oft emporary and pemmbahadf fiEmankhs et al ., 202 2; Edenh
Prado and Mac .Dhoevee | coRt0O23have a significant i mpact

instruments to Ghdhwdegett ,hep &Utbiscul arly in the differen
per mamembvVvalSse c(td eoan
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3 Opportunities and risks associated with scaling up removals

1 Removals present economic, environmental and social opportunities and risks. A rapid
scale-up of removals is essential to achieve EU climate objectivesbut all removal methods face
challenges in scalingup as well as environmental, economic and resourceuse related risks and
opportunities. These side effects are complex and interlinked, typically depending on the
context and scale of deployment.

1 Removals are affected by climate impacts, while contribut ing themselves to climate
adaptation. There are adaptation gains and losses linked to different removal methods
contingent on specific design and implementation. Some, such as those based on nature
restoration, have fewer vulnerability and exposure trade-offs and are generally better accepted
by the public than geologica lly based methods.

1 Temporary removals face reversal risks, while presenting economic and environmental
opportunities . Practices that provide temporary removals or reduce emissions in the LULUCF
sector can offer synergies with ecosystem restorationand income diversification opportunities ,
if well managed. However, these face higher reversal risks and may require large land use
changes, with potential implications for food security and resource availability. Environmental
risks exist ifthey are poorly implemented or scaled up unsustainably.

1 BECCS and DACCSffer permanent storage, with limitations on readiness, infrastructure
and biomass availability . Removals based on CCS technologies (BECCS, DACCS)ffer
permanent carbon storage in geological reservoirs, but will need to address lifecycle emissions,
moderate-level technological readiness, infrastructure needs and public acceptance. There are
economic opportunities as well asrisks relating to high resource useand, in the case of BECCS
significant risks from land use impacts.

1 Biochar can offer long -term storage , but remains uncertain . The stability of biochar in the
soil could offer the potential for long-term carbon storage, although this is still uncertain due
to a lack of large scale, long duration studies. Biocharcould also create potential opportunities
for environmental and food productivity in certain contexts.

1 More research is needed on enhanced weathering and ocean -based removals. Enhanced
weathering could provide removals with environmental and food productivity benefits but is
at a low level of readiness and net removals could be affected by energy and transport
demands. Ocean fertilisation and ocean alkalinity enhancement methods are at a low-level of
readiness, face legal barriers to deployment, andimpacts of deployment at scale are highly
uncertain. More research is needed onthese novel methods.

3. Dverview of opportunities and risks

To sustainaplyemocadles, policies need to aeaddrFrkesesge®ppo
associated wjitnhc |Iruedmomwsgadtsofteacstssoci ated with removals ir
those that aredispedmédVval tmet hods.

While there is a need for removals teorasbkbin€EeraptEdr and
1,di fferent remowealenme @hrovdisrgoen noefnt al | societal, econon
i mpl ement a(tliPoQC,r i2s0k2s2 f ; Smith et al ., 202,4;wiBiaditt f er e
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have i mpacts omeisnogcciandhbecweme barriers to i mplementa
However, some rémawvtil cumeahloyst hhose associatedowith th
presempgort unictaine sd edrnicdswtr t i ng i e meeflilt si mpl emenTkds and n
chapter broadrwifeimoematl h@d £ s einCheadp 2&i tam v e r v itehwe soef

wi deirsks and oppnd).a b mistsies sdmearmts tfhreonavai |l able | iterat
avail abdettcrmgsagseesménts PCe@mpkez22k, 2022frefrusean cetd
throughout (The schaptsdrr.uctured around three overarchi
taxonomy d(eRrignted etyfalt he 20 200refmoevatl s of

l.environment al andpbtuemampaledalst trel ating to climate,
quality, water resources and biodiversity

2.economic pr ospereiitdwo & e d tmpelclt s on energy, food and
as welmamaketos and prices (e.g. costys, jobs, livini

3.implementatiodi chlal dié\g eaneffective policy

Table 3 Opportunities, risks and implementation challenges associated with the scale up of
removals

reforestation
Improved
peatland
(Coastal) blue
Enhanced
weathering
fertilisation
alkalinisation

c
o
o
=
]
o
°
n

Afforestation
Agroforestry
sequestration
Wetland and

Climate effects

Risk of reversibilty e [ ]
Performance risks N N N NN N

Net removal effect | (T
Environmental effects
I

Soil 0
Water 00 HH”””HI

biodiversity

1
Climate adaptation [ fummm"”r
Food, resource, and economic effects
Land I T I
Foos i I i
Energy resources - --
Material resource - -
Income diversification - -

Implementation barriers

MRV | -
3-4

Technology readiness 8-9 8-9 8-9 8-9 8-9 23 6-7
Infrastructure ----- -
Acceptance and legal barriers - - - ----

A
6 1-2 1-2

5-6

Effects Implementation barriers
Generally significant opportuniti Not applicable or negligible Few barriers -
Generally some opportunities Highly context dependent Some barriers

Uncertain or mixed impacts Significant barriers -
Generally some risks

Generally significant risks -

Source: Advisory Board from multiple sources, see methodology.

Notes: Assessments of therisks, opportunities and barriers facing the removal methods are intended as indicative assessments.
These are based on the available evidenceas outlined in this chapter, although in many cases thepotential impacts are complex
and dependent on the numerous factors, making it difficult to generalise. The availability of evidence also differs between
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methods, with more evidence on established methods with a longer history (e.g. land sector removals) than more novel methods
(e.g. the oceanbased methods). TRLsas assessed by the IPCC are also shown, with higher TRindicating technologies with
higher technological and commercial maturity.

The side effects of removals are complex and dependel

be fully assesdgdaveallyaninsa E@affecd sheawni by son t he ext
approach with which remdual cmetsh dhes adbrl e sumalead ai nty
novel met hoddacedg medtbheoas ), with | imited field evide
scale. Assessing effects in isolation can alfsfoerleenad t
ecosystem services (e. g. wat erpotseonbtkinael fbiitodi v er gi t yf)a
adaptation potential), thelintergeheonakbi 8. wWAsch BeslL
to signal the broad effects and i mplementation challe

not seek to provide an exhaustive assessment.

3.  EffectbBemwi ronment and human health
3.2.1 Climate

3.2.1.1 Removal performance and secondary emission effects

Removal slandettaéniosvi gni fi cant potenti al but are primar.i
dur at i orne vaenr@veelr al | performance may IQsaondb ebi afpfheycti ed |
effects

Asexpl aiiteed RoRg. tastbonedsoils and biomass face a high
come from deliberate action and | and use change deci s
by changes to or cessation of management( IpRQGQC,t.i2c0e2s3 bn)e
I'n addidthieomst ebeidn & Or eelveeasssead | dr al so resumet hananandcr

nitrouemosisfieimnsst aesalftrioomgnd bei ngf earonagrited! tur al us
wildfiPEE, CAQ0X2K)y | inked to thirsegiags dd evganmwdoiucshr a wti bbamra
have highlighted the pressures from harvesting and bi
sink, particultar mgdieo(mEbA, sh®23f; Jonsson et al ., 202

The exact nandr-e@olfux®s from wetland and peatl and r es
and across sitesi mntdhedlesrtmmrt ter sg e eltedr saingynyi f i cantly reduc
emi ssions and the cont iRewsd dp dealts Iscaaondhs ¢ ti alé g @eani bhomor e
whimhy r estudmpamatayi ncr eddhe®uiglhn GHGs is generally assu
phenomemams quickly outweighed by( Baecan egt. Teladti .stsiirmé 1lifte c
takeds$ hfeetr sink funct-éothahlblsiudblteedwiatihy sroeme evi dence sug

timescale of 66Baeoanal edeabhdes2017; Escobar eWhialle , 20
this means that rewetted organic soils generally rema
mi-term (mostly due to increased met hangenemiaslaeyons) ,
compared to their previous drained stmiteigmakongsiweat
Soil carbon sequtersitdqy@aeggrhen eafy smilterosu s oxiide cdwhHdde ht h e
reduce GHE@ memoveaKekfFégpcet al ., 2024)

Beyond the carbon effects, forests also play a role
evapotranspiration, surface roughness, and alghedo ef"
from grassland to forests) can affect temperatures ir
way(sl PCC,AR0@rnégstation in theainhBopincsg epmaeviodeds eamp&wian |
both | ocal and gl obal cooling effects, while it <can
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influence on albedo (related to snow cover). There is
of these factors(RPer uagimpieraeatt ealz.o,neXx0 1T7h;e Peofnfges catadz eceft lad
afforestation in the EU are therefore |Iikely to be co

Removals wusing COY feec maoktoqyri eegge -mafnageldtlhouigthecycl e

emi ssaomdi their i mpactcansbhegthirnfeéemawndl. s

The lifecycle emissions odepBENCGSn g eoma i hno wi nicteritsa i che plna
to -negative emissions, with the scale and source of
conversion processes Hd&dian@araykayndc Ddowied ér 2100iladn Tanzer
Lifecycle emission impacts from bioenergy are compl ex
as the source of biomaeanse,r gyouwserds ifor patolcvesyss ng and

| almde changes, the assumddcdteamel geins iedeanedd acroyw ean ¢ h anc

driven by the production of bi omass for BECCS may c:
effectiveness of thésFesmwmi etgaltion2dtlB8Bat ¢éPCEsS 2022k)

As a result, |l ifecycle emissions from bioenergy pr o
considered carbon neutr al (ilIsP CdCe b.az2 BAXdI)Sh atlhseo Irietgeuriar
transportationztoof ac agpuiutreldl eCOst orage site, with the

emi ssions depending on the met hoori pd !l itmea)n sgprod t @t @ 0inmi
st orag(eFasjiatredy and. DDlwies | yn@@lj/glientgmiicnsilanfse of BECCS
to argue that the science does notscsaupeporotr etshte bci conmaesr
stations( EASBECC3I0Rtagad, deployment sdscal & BEICICSalkly
i n whi-&cywcl e emi ssions are minimised. The efficiency a
ot her,arendcdheavily dependent on the carbon intensity of
wi t h o tchyecrl el iafses e s s me n(tl PcCCn s i2BD@r2dt)BBEGGES and DACCS requ
of @O0 gn geol ogi cal reserves, whe€&®@e Hdsteirmatiess ao fr ilseka kc
suggtelsaeal i stireglullyatweal Ist orage is relialflAé¢candel edakad
2018; Dani el.floweval, caRi0i@B®® stdhatecrmoreex p e netead eder i ve

reliable statistics on contai nmemmti tderltianirntayt i owner ilnor
studies and si mu(l@anioenlss odtt eanl .usezxd023; Gholami et al

The mitigat-ebheandvemeyvyal ofmet @OS st asash m@l ogi es hinge o

an efficient carbon capture rate, which is subject to
rate can have | arge i mpacts on the cost of removal s,
del i eesamke | evel of removals, and energy inputs neede

for DABC®)ad et &LICS, dz2zmdh)stration plants typie@ally as
percent, which is also often (alssBAGHG, f20r1l 9B E CLUSi gogrion ,e c

al ., . 2p@wgver, reported capture rates (hlaB/EeF Af,a |2/0e2n2 ;s hW
2023)Ther e i sofafl slhbetawdaermdear bon fclappotwerre perfofd uccieedn cbyy aan d
tgpopower facility, as the CRes earudmp memd t ddewgdulsa m@mse @tnle K gfy
inditclaaki s energy penalty, if not i mproved, would r e
usef ul energy output to the energytgopeart faoim itthiee i
below the efficiencies (&EASAMGed 2WRRAN)INt soammeud AMen t he
rate of DACCS is scarce, therefore it is not yet cl e

performance.

Bi oclmdif pr emi § oatgersm or pgtee nh utatpser f or macrond kg ci fi c and
| arrgeal e f i edfd bsiteucdd éetsicooni | # eadtecd ss e spsot ent i al
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The stability of biocharn itnhet hlel tseaialt ulraes bwvehd c hn actoaud d
|l ogerm s,t obtahgeese ef f ect & ntchaen idnetpeerradc @ ¢ toynpse vatfly pe s

environment al and mahRhysesneat.Baloo dia? 0 & & kpnbda tooxki edoem

decades to thousands of years, depending on feedstoc
clay minerals and organic matter. I n addisbimenecaadsles arp
to additional mi ti gat hmminn drealeif s atsi dry ofedsuaiilngor gani c

pl ant ChPGON 29t2Rdi)es have also shown that mehd ammpl i c:
and nitrceud sgxiostusch as(Joseplsoelamnal .whehO2alp)pl i ed t o ¢
(Agyanikna ah et al ., 2.HbD Wwe v@hugee tflime |. d os2tOukdii)ecshar addi ti
agricul tur all aclmatkgighs estsati g as a per mamuerrcte r(tFeaumosr al  m
et al .Fur2tOhedr) r es e droaghobihsadremr®od £tdr at e t he abidQty to
permanently without( Alluneann eitn taer.v, e n2t0i 204n)

Land cover change dri verdBY olcikasc lparo dmay i oanu 0 al bedo

i mpact the overall effectivdirass eff tahese 2MitBihpdtPiG&r n
suggested that biochar appkbBoaédtiog ¢andalktehoatd ad dweldd s
reduce biochards overall mitigation potential; howeve
this an unl P&teényt sakhprunfavourable albedo change can
biochar i fFoasshet.sail, 2018)

Ehhanced weahdeoimegr e mowmalt hoadcse not wel |li unrdealstdood

condi tain@reguire further researcantdoraskess their poter

Aspr eseiniCreadp t2etrhe | it eratur epohtaexnthiaghlyi dfatr gemovvod lusmefsr o
met hodsnhiakeed weathering and ockHdawewdrkal ioi dpt enkat
weat hering and ocean al kalinity enfsazrmademdntel awawe donlay
(I PCC, .Key22dncenbaiact uas field weathering rates can
chal |l enTchiengnet effect of shete caeambed| i méeobhaogdiesti on
circumslitranmgearst itednelragry demand used to gr,andaraeaoaokeoro a
these to appmlaiycadt imon 9irteven cancel out (Reguopalbboandte
al ., 2018; Rinder and von Hagke, 2021; Mey s.mkaomr and N
oceahkal i nheawinamreegt ai nt ierst imophogenihe adidnt éoacbé$ wi Kk

natur al al kalinity, whetheoftbhgecs eu r mehBedr o lok se d2u0c2ed4 )t h e

Ocean fertilisation appeatbhenkrahoememgt cafl phodrasybt ke
uptake from surface waters is confirmed by several fi
ocean. Yet there is scientific uncertainty about the
transf emkcedpt ocean, petsaurl & gaahptatmed CONngevi(tlyPOCG,.s2 @2 Aafg)e
The efficiency of ocean fertilisation also depends on
in relation to the availability of sotneer deotei ehas, ot
fertilisations cma@t hiann e f aacntd innechrirepasisseo nosx,i deéur i ng t he
decomposition of sinking particles, and |l ead to toxi
deoxygewiath ononsequences for humamCChe a2l0tz2h2 fand | i velih

3.2.1.2 Climate impacts

Thexpecitmplactcsl iafat e change coul doffredome tamoedlfi math
particul alrdmycke ¢ Wautehwvete@m kseequestrati on or st or argies kc aopfaci t
reveesahHowever artBHeorgepor tuni ties to help adapt to cl i
the i mplementation of some removal met hods.
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Europe's agriculture and forests face substantial cli
|l evel s in southern Europe. Climate change <can exace
wil dfipests and di seases, and contributEBEA,0 TRhizashag) ng
canfftaa the capacity of bi omas £ Qaanndd snoaiyl si ntdoe eadb stourrbn atn
carbon 6bRCCeAXCh2APKBT ghl i ghts, this also creates ris
priciregnonl mot reflect the cogtEdeadhvdeirateed awi.t, h 210V

The direct and indirect i mpacts of <climate change <co
removwhliscaxpbaitheg2wirl | require signardd clamad |taomdl ared oa
| osfTadd).&vhi |l e there are some agricultural oppostuniti
has generally | &dr otpoe alno sasgersi ciun ttuheFoaneéx dmpkeetr gesgsect
frequent droughtasfdhed de ersd g ggtriowd lhy and stability. Such
|l oss, l ocal spkbeisepreadrati onvasive alien spEEAes an
202B0b) people whose |ivelihoods rely on these secto
increasing costs from climate hazards erodes their c:
To the extent that different removal met hods compet e
changing | and configurations expose sectors of the p
Li kewi se, forest managemkeet captot éecandt hbaawacla gaeg 6las &\Oi
deadwood on the forest floor, increase the chances of
during wildfires.

There are alsorempomeat hoihsitédhse fLALtWCF rsoevcitdoer adapt ati on
Studies show that there are opportunities for synergi
i mpl ementation, to mikKomdsageardyve2 k8T dfelrRCd,s e2 002p2pfo)r t un
cl i nsameer t forestry approaches, which proVil®eChot2l® 2Rif 1) |
Adapt apipomt wmiet if @ aber & ctdBo A . 3

Table 4 Opportunities and risks relating to climate effects of the scale -up of removal methods

Afforestation
reforestation
Improved
Soil carbon
sequestration
Wetland and
peatland
(Coastal) blue
Enhanced
fertilisation
alkalinisation

Climate effects
Risk of reversibility
Performance risks
Net removal effect

Effects
Generally significant opportunities - Not applicable or negligible
Generally some opportunities Highly context dependent

Uncertain or mixed impacts
Generally some risks
Generally significant risks -

Source: Advisory Board from multiple sources, see methodology.

Notes : Assessments of the risks, opportunities and barriers facing the removal methods are intended as
indicative assessments. These are based on the available evidence, outlined in this chapteglthough in many
cases the potential impacts are complex and dependent on the numerous factors, making it difficult to
generalise. The availability of evidence also differsbetween methods, with more evidence on established
methods with a longer history (e.g. land sector removals) than more novel methods (e.g. the ocean-based
methods).
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3.2.2 Environment

The depl oysmen€Qr efmo walt hoads a | arge scal e or afnf eccetr,t ai n
directly and i ndiarnedc ttlhye, seecrovsiycsetse ntishat they provi de.

Ecosystems |like forests, wetl ands, andaadr paobl taor alnd
privatewlgioolklrs, be both enhanced and har m&€®@rleyovhke dep
met hods at a | arge sc@htes osgeitvhe sc evarnt aiitnrid & ccqard ti emxmtt so.d | ef
of scalCoirge mropmat hods on amadeodi seorndity, the most ext
environment al risks and opportunities. Adaptation, hu
these are closely 1| ink&dke ted fercudsr adifendlredrregle ed & echasng e

depl oyofenrte naorvea losf t edepemd € ontti,x ewdintchh usi ons regarding t
t he e(fPfrescttz et al ., 2024)

3.2.2.1 Water and soil

There are opportunities and r i skasssionc itaetneods twiftehmatwv at a

met hods, with the effects often being context depende
Forests camnofrfediuncteo rwant er cour ses, reducing pollutants
result of their own consumpti on, vegetative structur
afforestation and r ef orpeostteanttiioan acot iivmptrioevse hvaavtee rt hree ¢
against soil erosi on. Af forestation and reforestatio
evidence that wel!/l pl anned measures can address | and
pl adapecsan instead | eadoftfPuadlmcaktidsee dt(wWaRi@CG, .y2h0e2 3db)

ef fsedt vegetati on on water infiltration though are <co

rapgrdowt h tree species that can help accelerate the |
may prtersealféaf s i n water and s(oWwhli treehgeualda t i200nl 1pjot ent i al

The effects of dedicated biomass production for BEC

opportunities and risks depending on |l ocal factors
practice, and pteEPCQuUs 202a®DHdiucadt2e2k ) bi omas s product.i
opport ubnuittsi edsepl oy memtth es cnaelgeast i ve ef fects wildl event ue

ones though it is not possibl ddltPCCde2@®rBibd)ei pgewes éehn
i mprove water qua(Nagelakhar tevmidtaball .ity2008)

The application of biochar and enhanced weathering he:
on soi l and water. Both methods can i mprove water r ef
pH resulting in i mproverd mrodMi che agrtcht.edtni darurfnr,om hs i Ic
plant growth. The application of biochar has al so bee
to the environmen{(l ad&ndhhwmmenh HatwalyeB028j)udies have al s
environmental risks to soil and water, depending on t
studi es tchommtodi scke of negative environniehnetrael airnep aucntcse ritsa
on the environment al i mpacts associ atTeds sweirtamtt hea vaild
Xiang et. aThe appgl)cation of enhanced weathering gen:
water health (e.g., c o uatltheoruagcht itnhge sroiislk aocfi dai df viecrastei owd
have also been identi fi eddve aThe ra mpl itmatsiodnd so fc oaurd lda rcaa
metals into groundwater, river water and coast al zon
case of ocean al k@Fusstet.BMahiamg2medfvities for the ma
could advelrsealy wafectqual ity from heavy met al cont am
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Ocean al kalinity enhancement has similar ri sks and
opportunities for water health (e.g. counteracting o
heavy mfeft&al sg amarine environments). The environment a
compl ex, but accelerating the growth ¢CaphwpnhdplCahkittd:
201®&nd patches of ocebGRu®ssglglenedrRr@at @kt Mm@OKRIs require
mat eramdisni ng aacrtei vasddecsadyveafsfevd cdwhat eorn  a(n¥o usnogielr et al
2004; Honegger et al ., 2021a)

The -B@Sed removal met hods ffow&t earnmcreascsumgesdeamacdr ed
avail dlair-gieay e depl|BEXCESNSK sprii fi cantly incr éassee diermand
capturing carbaeamdaddr 1t o dpynofdruocth i tohne woi fiwlabti eormaussse v ar i es
type of (bSinbmass 2016 ; | PCC, 2DACCS Swwsteams Zaolaso rO&ed)
amounts of water and coulldFaseducet walitehro uadyhd ix)haeb i v a tt e/
substanti al BECC8ssfySmiams et. allngr €a0sleéch ) wat er use from

of fset wit@SdesimgnBDAChat can potentially remove more
needed for regeneration, delivering a surpbBasdaf owat e
et al ., 2018; .Fad8sehi nadveaelitdnmndht Hlewd oggiacfal CQ@t orage ¢

groundwater chemistry and drinking wati{eélonsguercedt f adb
2021a; Wil kin and Digiulio, 2010)

3.2.2.2 Biodiversity

Removal met hods sSecttare h&vL&CBeneficial and adyerse ef
with the effects depeatdhionugg ho nmetthheo dcso ntheaxtt ,enhance nat
generamflfleyr positive opportunities if well managed.

Practices to increase carbon sequestration and storag
benefits for biodiversity, particularly through | engt
cover man@9gemeeartk et al ., 2022T)heAsesfmuetcht setofala.f,f 02 0eX4)e
more caerpexthdrtoorest ati on has been highlighted as an

on degraded, abandbaethedr agnt @enbhuvedlyw Ispredci es richne
specific risks have been +4drdemt igfriaes;sl iamdselaatdi damttaact ¢
afforestation could diVeplkaeao& erdeni.c s2p0e2c2i;e.sWdziewoda
composition isabtbBoughghi éioantally -prefwengegl ant Eur
coni ferous monoculture forests generally support | o w:
bi ol ogi cal threat d Huhahoméxee@Adradfegn e2021ly) systems cCaeé
biodiversity in a@tthowulgthut &li sedepesntdemod,n t het hdei ver si
choice of spec(®siNioemtthen ytstadm, 2020; Torralba et al

Heal thy terrestrial and coast al wetl ands are home tc
amphibia, fimadnwynaf iwkiech sare uniquely adapted to wet
threatened due to habitat(GopaldrRddtilpendnane xwe toli d mad
woul d therefore provide important biodiivter sittiy | be@oefsii
to restore nor mal bwdeoWwodacahdf KnpelLpng2014)

The production of biomass, for biochart @ainodd iBvEeCCSSi,t yi ,s |
t hedsepeard tcloeat ext and the scaRlFcer oifndtaaardc eu,s ep Icahmatnigreg b
on degraded | and can increase biodi eeer stiad ymaxwihmilsee it
bi omass yield may have significant negative ecosyste
i mpacts outweigh the benef(iltPCCwi. T2le2iBlibigtesreatgyr € oo n BtEICE
DACSon biodiversity tend-sffbapBikiCiaist.lee fexweent riald&at t he
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they are |linked to hiSjihseorupllandd wd et nha nrde niefwalbdd @G&-emer gy

t Xunitthsanndtour a( Elsamd&ts et al ., 2023)
There is a high degree of uncertainty on the biodivert
al kalinity enhancement and ocean fertilisation, with

Significant guestions remain r egédrackiendg rtehmo vpabdtse ftoiral
biodiversity,ofwinihnx eadDicdefmeccealskal i nihgs embdamcbmghti ght
having abpotémntci al i mpact on biodiversity (e.g., for
ocean aci(diefnigc aetti oanl ., 2016 ; Mongin et al.Howewoten, iiMey
could also have adverse ef fi emtatrsi nley ecio8atsihregns p earl t. y r b2e
(Hartmann et ahlaabil@h. dé&beee D6 uncertainty on the e
materials and the potent(iBaalc he fefte catl .o,n 2001c9a;| Mreayrsimaen lair
Mont serrat ;eéwastagyee2®@dl7abl e lamd tmeasttloy 61 RGCe.l 2p22f ks
addi,thigemhni ng ofusneidn efroarl st(hAnd fmet hedhangyeduweaahseoi hgv
| arlgoec al bobmpacbsyst enisl PBOC,s p2e0c2i2eks)

Ocean fertilisatipdynplaamist drbygtriamdkosduci ng nutrients t
whicbupdovi dé afread or juvenil e .fHoswmevieer et bsumfodce nwa
evidence t oandalshsee sismptatcits of o caenacrne rfteri tni. | iTshaet ipoont ent i al
met hod on food web structure are complex, with possib
depl etion) in subsumhadepwe@sri almdy toxic species of
phyt opl ankPtGCCn) 2022f ;. GESMAP, 2019)

3.2.3 Adaptation, health and welbeing

3.2.3.1 Climate adaptation

Thexternaolfi tsicense r emoval met hods can support cl i mat e
resilience of people andazarndy,st emsh t as athicotaegaen s , fl
acidification. Yet, the rol eofoffs rfeomo vaad asp taaltsioonpr es ent

We have already not etdhei nv atrdimasw sclh ampd terodshadome with a
including the creation of new hazards (e.g. algal ©blo
hazards (e. g. wil dfirespgephdy méret frmaxy 4<thiaftt stctaé edon f
hazarwasr gdeopul ati ons who mawy the ahembbehaemi leas adapted
Beyond rtitdeksssnpeci fi ¢ met bhsocdasl ,e tihnet rloarugcd | ont ewiatcle mo v al
adaptnatgio@al s i n compfrleiseinEreagpifeoyrs ,t haes LUOT B GBI .Bewet or ,

many of the envimeonntmeanbteadl e eafIfseoc thsave potential cl i mat
is important to note that the balance of gains and | o
removal projects are designed and i mpl emented,onand f
the consequences of implementation is still I|limited o

As not &dctiidmmol the ecol ogi cal afvfudrneesrtaabtiilont,y rse fdoer,e
agroforestprye sseynstt eanspor puni eces agaamandodégreadati ioon

i mprove flood regul ation. This can help areadgoexposec(
become more resilient. R dhraatgir mosf toa necset ,r y s tswdsiteesms s haave
beneficial in regions subject to environment al press
(especisalii yerimm (EKaype) al ., 2019;  Tdrer adiboap heytsi @lal , e:
af forestation can also reduce the fr equePnCcCy .NXHQ22Iki)ma't
biophysical effects on regirecealoolhil maned TtromrafdUcees t
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climate extremes, such as heat waves, i mproving ada

vul nerability of people and ecosystems. The i mpacts
particularly severe in urban awvegseiabdlbhough tpoeaseras
these | ocal temperature ((luPrCiCan 2Déatf uissel aonfd ) b ieofcfheacrt sc
adaptation benefitsatthgugemhtamei efgf g¢cted darrbe weaker in t

countdeaettification and | andwaegradahidon i bywaidpsevi n
reduce heavy metP&IC, peRIORAKI)on

On the soci al vaol memra&lyviileiwt yof s iaRe@pk iad (2detf3pailadt nae sy e
restoration and-bethdr appoegshem to be among the meas
adaptation potential, assessed in terms of the exten:
climate hazards coul d bdewirdeducaendd (wi 5 hHENélwlwieoonu twveacarsle o f
income (e.g. fibpkacdmemrthaof magk&pérative agricultur
services (e. g. food, |l ocal/ cheaper sources of energ
agroforestry, recreation in forgatndieg.egitnect eavaed slhho pa
to extension networ ks, training in monitoring and ne
from hazards (e.g. alley cropping) can help enhance t
hazarBlsck et.Holwevez2Q2G)here may be winners and | osers
l'iveli hood opportuni tade e raafefiegcet,e do.t hFeorrs enxaaympblee, s mal |
have fewer means to adopt agrofor etshhtany loarvgdi idderr assmi |
increase t hea ediaftfievree waud nier abi |l ity between groups.

Heal thy terrestrial peatlands and wetlands can also p

ri s;kvsal t by and Acrwlmialhe R2O&4tldr ati oinge sofectiomasdtydalanivef loa
providing preabactiadbnrefrsaanmgons,ea | evel (sl RQOGA, .s2@22rk hpev en

al kalinity enhancement could also counternd&etngoedaral ac
2016 ; Mongin et al ., 2021; . MBysmamaaedi Mbst § e omatwwe aPl
al kalinity enhancement can also be used for coast al 1

(Buck et, atthys 20edyci ng peopl eds exposur e.

Heal thier ecosystems may janncdr egarseea taegrr iaccucletsusr alo yniae lud se
human heal titheamd, wdlult t here are alsoncesgpgstemm adwe
poll ution and mining activities.

Beyond farmers and foresters who mpgt bpinedédi ¢gsedegtit ¢ly

andedudedect g¢p hawraadlapt ati on benefits of Itahned r e mo
wi der popul ation vi(RQuaanadsy ett.ddmrha g r RiDcRe3d)h e iamg wiell Il be
affected to varying degrees by the c¢doweaitreedt he nsv isreocnt niec
Given the potenti al for both positive and -sapgaitfiive e
factors, it is difficult to generalise +iblee ngf fwadtl and s

be affected byetmobemat mpdst onf economic prosperity and
el aboratéede next section.

Regarding other aiermogwdl imey hoawsl,d be negatively affec
dust from enhanceadvawedast eeahimdgh t2W0ils7)can partly be ame
wat-eprayiGngndni g etWhile 20O&nt ain, bothbmethods rely
assocwiathled emasdioasgl d i ncr e a skeE An o i2stl IhpdPleuttti aoln. , 202
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Table 5 Opportunities and risks relating to environmental effects of the scale -up of removal
methods

reforestation
peatland
(Coastal) blue

e
3]
>
e)
2
S
£

Soil carbon
sequestration

Wetland and
Enhanced
weathering

fertilisation
alkalinisation

Afforestation

Environmental effects
Soil

Water

Biodiversity

Climate adaptation

III Agroforestry

Effects
Generally significant opportunities Not applicable or negligible
Generally some opportunities Highly context dependent

Uncertain or mixed impacts
Generally some risks
Generally significant risks

Source: Advisory Board from multiple sources, see methodology

Notes : Assessments of the risks, opportunities and barriers facing the removal methods are intended as indicative assessments.
These are based on the available evidence, outlined in this chapter, although in many cases the potential impacts are complexand
dependent on the numerous factors, making it difficult to generalise. The availability of evidence also differs between methods,
with more evidence on established methods with a longer history (e.g. land sector removals) than more novel methods (e.g. the
ocean-based methods)

3. Effects on economi c-bpnaogperity and wel |

3.3.1 Land, food and resources
Large | and use changes associated with afforestation
and biochar may create risks for food production and

Cli maha&nge and food securitychaegéesntirnnsempkelratunesr
weat hercenenptt Buftood i ntskEurropteyanatanmds( §gP&CalA2d sdeallgh

removals can thereforéehiompglbvéhéiondcesertcuirbtotyi on to cC
managing temperatuseabeedepboymeharge certain removal

|l and use changes, with potenti al i mplications for foo
I n particul ar, the potentially | ar gsecall anddeps ®y mém@mn (
afforeB8E&CSbaondchcawrl d have negative impacts on food pr
adequreetaes utraeasnage t hEeBeelrmarkset al ., 2020, 2019; Lee e

Al t hough peatland restoration could have significant
peatl ands and organi c( Lslooiylds eu,n daelr.e, aq2r@ 2czu)l-I1t euwireap at b 0 @ n
production is ,| ieksglayi €colsip é d & caer lohuPodfoodfr t he EUds agricul
(ECA, .2821h risks and opportunities have been noted i
including potential displacement of agriculture/ aquac
(I1PCC,. 2023b)

Compawetimt ensive agriculture, aggfrioff mo ek spr gd wd tlil omr.eslur
cases, there is also evidence of productivity gains
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health and water a(vSaitNeebni | i hyetchal |l eng@20; Kay. et al
Similarly, soi l carbon sequestration does not wuswual
even have positifued fetctal onh 0 E8 s

Several authors have highlighted the mitigating fact

sequestration, with several scenarios showing that r
pl amased diets can fr eaet awrp demldo yt memetn ddifld et egmacfvfad r e st at
and BEDG8I man et al ., 2020, 2019;. LWhei leet tahles e 2a0rled ;c hlLe
can be used to mitigate the |l and use pressure of rem
policies to materialise. Il ncreasing crop yields and i
up | and fsoerq uceasrtprioatei eert al ., 2019; Smith et al., 2016a

Ri s&krd opportunities for food production and yields |
enhanced weathering on | dadedThemeivihést oof foodamsuppl
and subject to significant wuncertainty and risks of a

Bi ochar can have a wide range of positive and negati:
wi th aameltlyaglied fery2@Ilyading a productivity iTherease
application of bi ochar as a soil amendment can in so
rhi zodepositthseo0i g antelwoeladsieng capacity, increase the cycl
fixation of nitrogen, and adsocbapotbutdnbe. pahei apbé

sandy and @cP@Cc. 2bB88beasing crop yields can contri bt
availabilitryedawndhmsgegicmpadcty, of geopolitiHowkevéentrotesd s o
the benefits of biochar application are context depen
I f the feedstock is contaminated, so is ¢theakritdocchudra.r |
i f the technol ougpy Onse bsetiundgy srceapoerdt s t hat thefnemati ve
its cumraeatrebetiivedgr dmtw and. Cherubini, 2019)

Enhanced weathering can i mprove plant growth, althoug
effects of the nEnnhearnaclesd iwe atthhee rfiinegl dc.an i ncrease the
retention and availability, enhance soil carbon seque

yields can hence contribute to food sedures@QuUPBGEsShe E
2022f1)

The esbfeotean fertilisation and ocean alkalinisation
with substanti al ri sks. Ocean fertilisation could sti
support |l arger organi sms fainsdh csotnotcrki sb.utHho weov eirn,c roecaesa m
alter | ocal to regional f,aod cymless wihhuspgedifccamnl e

food wahhsdegxygeaantnonetalsé ngrevalbance aob Qva enhesgpaet ¢ ivees
effects on hum@ahudooat.Qalpphyad k&) i ni sati on can al so
from the provision of mihmetr adismitloarbliyoliogi cahhj esgtstteans:
and comes with risks of perturbatiecomdnelidrdygexbstrucaaocee
metals from mihRA@C mF2@2 Atk research is required to wu
i mpact s.

Removal met hods i n tbeulldULtCEatseechew opponoduaisjes
particularly fdraswadscdbuamesbi o

Af forestation amdnrcefeasestt aitelb aw ma $vweolofainidt y t hbears ebdi o

pr oduotosd pr eédmo tsk ocraer Hpmt enti aée¢bsyofagel dagati ons whe
dur abdrestructi on ors uobtshteirt uptreo-dfuotre sesmivses invant er i al s i n |
and cons,trauncdt icoonnt ri but e t o( Yerrek ewi ld eaBi lmdn@®,6 v2e@2n@e)d t o
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bio

chhaaarl een shown t o hiaveprgdglré tdsntsitcamsc e cwhnecnt eatded e d t

| owerc atridfemm t pr i nt (oLfi nc oentc Heeltwv.e vt é2ae®a2r3b)on sink in EU fore

pr e
bi o
hav
aut
sus
of
t ha

Al t
agr

ssure from multiple fawmhod®e, tihecleudisngnyoao ch gd & mmdmd
mass policies have i n ndorievdhsagyv ¢ fh&wvoodds eprrvoeddu tEddesc | i n
e -bfweh®t her environme(nAdJvi sdd rme nBdnaorhdh, e-t2e0o2mMg)e ot her

hors have suggested ©Oamati dtcé gmat ed smaannifogeappriyda
t aiamalblaed @ pregse management and weodulpd oiducrt eadsud st
the ovbanVkestfedewbbdkprwhHute also increasing the a
t coul d di splianctee nostihveef Vgermk dsusdktosmt al ., 20Q020; Nabuur

hough wetland and peatland restoration-biasedot C
iculturpllupréthteeasal t bvati on and harvesting of wet

0has been suggested as a way to create new income str
rewetted @PEBandamdrsger . Cdtheaimmem0@dbg¢ts suggested in t

i nc
ins

l ude fibre, constructi onThmatpertieanlts adn d olri areomresr gnyl/vhb
ulation (which also prov(DesJoagbebar aspbaa@d®dcedunt ipa

componeRowan et i&lhe, s2®3 2t Howewvwers,eaexhml. oi ting these

would require the devel opment of viable business moc
practices that currently | ackNarartiug ee tmaalk.e,t s2 ®21ld; vTad ri
Ll oyd et. aAgr,of2dre89try creates similar-pp ogdssialcihl iatsi e s
fruit, nuts, timMberr alna wotodalhi ps2016; Kay et al ., 20
With regard to EU energy resources, sustainably sour
energy ,wmhpdley DACCS, enhanced weathering amadulodcean a
increase demand on the EU&8s | imited energy resources.
Sust atsmaubricyed BECCS can present opportunities relatin
and hence contribute to the management of energy deme
exampl e, CCS combibrmaesdc dwidtis t bbii @ ma dper aotdiuncge,d ohre aklki of nears si n
processes (es)gPeRdedngesn te tk Pafla.v,ibd2e0dAeBg a st ayismaditdendt s
uskimitedtitwi ti @eg Wiitmh t ed miti aeeoSataiBo))@r miadeéeveisgy
production coul diontghwesd boutega etidod ernecdyucon f ossi | fuel i mp
benefits in te«mpmousuofe 1t edrdiomses ifél . ufcuteulat i ons

Current technol ogi es fodoonpARHE®r persregyagsaeliesikc e pr oc e
currently rdleivednenfgy domSruenpsdtiwchy esti mated that cap
equivalent to 5% of the EU®ds emissions in 1990, wi t h
addi tidn®dl GO of onshdr26 weW dofamxkRi\e8 5Fadr. ,c &2mM@a3r)i son, i n
wind (onshore and offshore)-2andvasso |2a80r4 FGW caaapla 2i0tsy GWo r
(EC, 2Hoo2necv)er var icau fcoatpi truercet taeicrhnol ogi es are stildl |
further technological devel opments niSgnit hr edulatl .i,n 210¢
Enhanced weathering and ocean-iatkabimnesamt hongrefymone
andhe energiysdmrsnadelr ed an i mpfolre saen t meRiragnabgaocukl os et al
Rinder and vonEnthagke,d 2MeZalt)heri ng can be achieved wit
but also with construction waste and waste material s
weat hering could signific@nRPCQy, .iThGe2 &tfajsrporel exft r mc heéeya
depl oyment | oecatirgrys diomaltideashlsouowgh f or ocetwthial &alti di s
be mini nissiendg beyxi sti ng mar i htee agrto d/u ¢ tyi aflres. agd. | i éi 5 didi aonge) .
energy use for the heating process to produce it and
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3.3.2 Costs and employment
Scaling up removals could create potenti al new opport
economic devel opment .

I ncome diversification opportunities have primarily
LULUCF d&md mom emoval s, through incentive -pchemes sand
Il ncome diversification is recognised as an i mportant
it reduces their exposure to variabl e m4gTrakbeble condi t
Diversification strategies wil!/| al so become relevant
extreme weather events increase the risk of c¢crop | o0s

(1 PCC,. 2022Kk)

I'n thisremaveaelxtmet hod s eicrt otrhe owlldUQRF ovi de economic op

i ncomes, both from direct paymeamtdsucdrsd fHoavraveu p @lse mee
Chap2ert he opportunity cost in terms of l and values a
the main drivers of financi al viability, especially
afforeéGrafoan et |al par202zl) ar , |l oss OCARmamelcy tplhg me

exclusion of forestry and wetlands fro@antdhe ndefmisnist iea
rules regardimgvegbeodmnrieisghlyi ght ed as sdbganristicecrahe r i s

depl oyment of (tThaensnee bperragcetri ceets al ., 20@4ddbda ELCA,al202120°
Beyond the potenti al for biomass production from aff«
opportunitthieas r fereasneud a ct ur ewocaoddda suesde posfod lecstry i s an i mp
sector in the European bioeconomy, supporting about
downstream sectors bBnHarpaperepm@BRBIE AC DW2tihhogugh t her e
economic opportunities from increased wofofds paosdacitatoe
with rapid increases in biomass demand.

I ncreased demand for biomass production to support E
mar ket opportunities, empl oyment a(nldP G&,a mh®@FH2f )dewer s
economic activities can require the development of s
|l ocal communities near the -operadt i dPeRindegtd) eest (&l .g,, 2
Enhanced weathering could also provide empl oyment op
this wild.l need to be carefully weighed against the po
The realisatopporotfuwtihteisecesiepend on addressing both e«

barriers to the adoption of removal s.

Ensuringmobhiat practices airre tthe alndl ta€ B ymed gaonadwdwinvee s
is a prdroggaliisndg eup t hoddseeyeemmetinhaowthen t hotshekaso ntohnei cc aasned

soci al factors ar e -rhakierdg. tMunaefrfoeucst sdteucdiiseisonf rom Eur
demonstrated that the 8apndcdbpnavaba Hbdresbsydi pRsome can
financially viable | and use optoduwmct ipairty cluil aedtyoawkefn
Yet afforestation rates in the EU have f rmeagkumd rstilnygg und
condi ( Noskanen, 1999; Up tRo nii aeats kaal .e,t 2a0 1 3 ; 2%rl-dbekdar dal
al ., .RO22HDJns hi ghl i ght eldo fifgomeasghoifst ear edettlae es) bet we «

establishment and harvest -frleovove nawlreplrlésmihesridi®na d teeard t o

8Although forestry is ineligibl &etmleradiersechavpeaypnetntisn umldaa
schemgartly funded by the EU under théoremalbudaegel apfmentesp
farmers and | andowner s.
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13; reluctance termommnd weel chgnge; and risk of fut.:

(fr --Rekaceska et al ., 2624 m Byae ebyalkbhpgo2@2BA)rhabi ndl e
smalflermsleess willing or able to commit the land reg
(Duesberg et al ., 20183)

Al t hough many of these barriers and risks are I|ikely
sector, solutions to @rdags efrsusretd beeaspet derxsl 3 t Wlainlde ar lkes e m
address financial viability barriers, uptake may al so
(Schirmer anhiBaulils RaOdtie¢d thloarsl ¢ htartuaeaniteaialn dl apregremanent
use change, which represent a fundament al change in t
(Howl ey et al ., 2015)

The copearsmaonfemomati had®eurrentl yt @ st e anit pddi, h €da p e r

and tihsesrpee csiiaglnliyin cemthdiomntt yt he current and future cost
l evel of techifdbegy readlhies QUaA@® u ttfauitihuerye cost s and t
of a busi nessalcoassge romrtd fomki hgvestors is a barrier to o
case for removals might be hamper edhdcadge lnbsabooft padl i
i Ghaptddhere removalus eerthainlgel,amdordi nated planning wi
t r aadfef s, which coul dt grce matse asypraenrgiees, awhli ch coul d r
posidnwieronment al extde ramdadlHtGadtd s M 22 f )

Table 6 Opportunities and risks relating to land, food, resources and income effects of the scale -
up of removal methods

reforestation
Improved

c
<}
o
=
<
o
e}
(2]

Agroforestry
Wetland and
peatland
(Coastal) blue
Enhanced
weathering
fertilisation
alkalinisation

Afforestation
sequestration

Food, resource, and economic effects
Land
Food
Energy resources

Material resource

Income diversification

Effects
Generally significant opportunities - Not applicable or negligible
Generally some opportunities Highly context dependent

Uncertain or mixed impacts
Generally some risks

Generally significant risks -

Source: Advisory Board from multiple sources, see methodology

Notes: Assessments of the risks, opportunities and barriers facing the removal methods are intended as indicative assessments.
These are based on the available evidence, outlined in this chapter, although in many cases the potential impacts are complexand
dependent on the numerous factors, making it difficult to generalise. The availability of evidence also differs between methods,
with more evidence on established methods with a longer history (e.g. land sector removals) than more novel methods (e.g. the
ocean-based methods)
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3.4 mpl ementation chall enges

3.4.1 Monitoring, reporting and verification

Moni toring, reporting and verification will bbuet cruci
the methods ctoa cioenptlheixarand di ff eseht devabfepmeaitfferent
removal met hods

Transparent and robust MRV is crucialandémsagtirheeerr t o
contribution toward®a dlaictkatod objusctiwnedMRV framewor ks
inr emowmalt hods, which could adversely affect i nvest me

(Mercer and.Bunkpra2goR8e, robust MRV in®e edatdpdiefxf evi ¢ mt
stages of development and requiring diffdmabht tool s,

Table 7 Current state of key characteristics of monitoring, reporting and verification of removal
methods

Qualitative Quantitative

& quantify
removals
Confidence in
quantification
literature
Protocol inter-
connectedness
Regulatory
oversight

Share of academic
Protocol coverage

Ability to measure

Removal method
Afforestation, reforestation,

agroforestry, forest management ------
Bioenergy with carbon capture
and storage

)]

i)

o Peatland and coastal wetland

m restoration
Soil carbon sequestration in
croplands and grasslands
Ocean fertilisation

< Enhanced rock weathering --

o

£ o

8 Direct air carbon capture and

8 storage

8 Ocean alkalinity enhancement

Source: Reproduced from Smith et al. (2024), Table 10.4

Notes: Rating based on expert judgement and analysis bySmith et al. (2024). Darkblue, blue and light blue denote high, moderate
and lower ratings

ProcessestdMRWVWC@ptured are moBECGEGBDAKRG@Eheadn ffoorr ot her r e
met hodas inputs are easily measurable and the foundat
advanaensdustrial (QMES caenrd aCdU. BBouw ekveeprr ,2 BEBTL S, M&NVs @r oces
need to consider t hewhbiicdmnasisalgl ewvgihn gnaamgye di f ferent ac
mor e cosnppielkysi nln the case of afforestation and refo
established methods to measure removals basbdsed chan
on context specific emission factors. Where removals
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processes, suchbaasse d ome tthhoed so,c eaaond wher e t here is stild]l
accumul ation, as with enhanced weathering, ocean al ka
i s ne(eMleerdcer and.Burke, 2023)

Soil car boni smomd mpifrexxgangarti cuMi adh fcfhearlelnetn geejspgoaches
tr adfef s between costs and( Caarfoinpd rmme i2r0 2 4.¢l ailirBaAcd/e t a
measurements provide the most accurate soil carbon me

course a@afmdyeampsohibitively expensive and administrat:i
monitor and report chan@rest hben cat heerguh aaivch  @md de@ Inli it mg i n:
and Flsacraglee remotegsenakbehlgi(tes)-edfecmbve opstahs for
MRV, although subject t o qiHemirfyi ceatn tdWe t,man0d2 2a)n d e pteait
restoration also poses similar cheOf engbkbsddmencdrors of
the balance between carbon sequestr astpiecaffaeed mewdtamnien
(Bacon et. aHnhan20ld7 )weat hering on | and relies-on moni
consuming fi(eMar csearmpd i ch gB u rMeet,z g2e0r2 3e;t Rauln.g,e 202 2)

3.4.2 Knowledge and technological readiness

LULUCéEmowvaarlke monstrated hragt H@dbsarfraver s memdd e ptcrmad re

ot her removal met hods.

As notChdpR&amd shdwmOimdst | and sector r emPavfal8 noert h%.d s
The | PCC described the | and sectad®@ amoVt hle maynl gummen i
at short term be possibl ed, prov-i di mgmit hieg ptoitemt pat e
rel ativelly PICCw Q®<2MP%3) Rrepmo v7abl0s f rom t he | and sector tt
or technol ogi calmelmat r §iem Isea not rdeesptl otyo ot her eme,rging r
2022Kk)

Figure 9 Technological readiness levels of removal methods
|

? Soil carbon sequestration
Bioenergy with carbon
capture & storage
(BECCS) Biochar Wetland & peatland
restoration
enhancement Enhanced

SaC
S
weathering
Direct ai b Afforestation, improved
@@ rect air carbon forest management,
—N capture & storage agroforestry

T 1 — @@ (DACCS)

GT a :«,“ o

Technology

readiness

level
5
>

Ocean fertilisation

Ocean alkalinity

Low readiness Medium readiness High readiness

Research needed to understand Targeted support needed for Incentives needed to scale up,

risks and potential development and reduce costs, develop supply
demonstration chains and skills

Source: Advisory Board, based on TRL assessments bf¢?CC (2022)

Notes: TRLs as assessed by the IPCC are showrere, with higher TRLs indicating technologies with higher technological and
commercial maturity. As discussed below, TRL assessments may vary depending on the methodology and other factors

Bi ocB&ECCS and DACCS are at a moder at,ehobetgled pdt i etcd n

depl oyment at scal e i swidgtwbjmocstt |tyo diemoeirsttaiarttiyon pr oj e (
Bi ochar has been deptogedsiwi sbvprami §iegdresults, bu
| arsggeeal e aduwr datoin@gn projects creates uncertainty. There
bi ochar, wtehmtperbomsgjleanrcec aorfbdn in soi(lsebhmamgy evti dal
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2015; Woolf et al., 2021; PetiHoweveroic halr. r em@28s &an:e
stage of commercialisation with-smiatl ieg ataican i ¢ 3 teismaatneds
uncertainty on whether there would be sufficient sus
(1PCC,. 2022f1)

Similarly, BECCS and DACCS have been assessed as at a
varying degrees, face uncertainties in termsl BECfutur
2022f; Smithhet telc.h,nod®xy4) for carbon capture and stor
90s with support by the EU. Whil e( @& Radmeepritosy nestntalhas
the capture and storage techrn®@lukgay ian dnTohd isé ohnasasiodelinke e
benefitted BECCS technol ogies, though begccoanucseen torfa ttihoen
at the capture stage DACCISPUGCeSMad2b)benPACES ddeman dtyr
projects exist and sobmenspoegrandost wi age Cas taken p
DACCS projects user dathheerc atphtaur edlt oGO ng-sdal.e Wi ltamotud, ail

chall enging ftwtuwmrssessstt heeducti on opportunities and
therefore(BBlc®srt Alhd@@lgest wuncertainties requiring majo
cost s, pl ant scaling factors, future <cost reducti on

performancse. dynamic

With regardsomeo tBREGCG@D,] ogi es are more advanced, e. g.
readiness |l evels vary and critical techno¢l Bdi e20aBa; !
BEI S, WhG2Z%) the | PCC assesse6di BEEGBSuUul d lbe abta@&dTRIbadaf T
di f f exevaenrdahler recent assessments have indicated that
l evel of TRLI EAan2DATELES BEI S, 2DRd ;diSfthfaehrbearzt edp mll i. ¢ a 2i(
face different uncertainties, though generally the a\y

with the ti mintgr aamnsdp oarctc easiesdl ieot k s agar e KS8EI Bpnc AGR24d) nt
menti omedt Boflt.hle mi ti gat-efofne @atnidv emeds yrfe nbG/SAa It enteht nhool dose
hinges on achieving an efficient rate of cawiktchn cap!
reported capture rates f(alBEFAg s2h0o2r2ta rofRld,lae2giet3w)jde ¢ tag ¢
arexpedtoedbecome opefati boasuBRBBHERBERECCS St o ok RwWil2tdh

an annual avercafger e foE0Ca IV 24020 D)sQ@CEshapd @ainnt tnhiet eld St at es
i n 2wWi2tsh an expected pepgacgietay offOrred ddtvGEIFS v e, 2025)

Enhanced weat her i nlbga saendd niehteh codcse aanr e at a | ow | evel of
Research egapdeagi bi lity, ri sks and benefits create un

Enhanweat hering has been demonstr aiseedlien ftileeds3Id 3 br a rad tso
but has yet to be dehGC@s B82/@2cdt) ea tmisncearl ael di ssoluti on
of the released products, the extodrutctaf tlheagaani grhd s ere\
|l ocation and availability of rock extractioni fsiigdks, a
and require further resear dHhH PtCC,b e@i2esfe)un dmessctabloede f ¢ a
demonstration projects would (&lmidwm tehesad .as@2dAOs Be el

Surface | evedf ropt aokceeanf f@O® tilisation is confirmed by
there is scient.itfhextuemdssrotivari€tdt yi na btohuet deep ocean and t
st or(algkeCC,. 2D0ORefef fi ci ency of ocean fertilisation al sc
conditions, especially in relation to the(Avabhabil:i
and BoppOce2atn0O @)l kal i nihas emeheam cceemmanntst rated by a small
experi ments. Various methods for enhancing ocean all
addition of silicat e Meiymsemaanl sa nsdu cMo nass ealriavti,ne 017 ; Mo

ancariti me transport (€asenloaiumthgagtroxpke?2)
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3.4.3 Infrastructure

Thefirastrucedd oleUh@@&mo viaslost s u b satishmtuigahl ¢ odp ldd mrait reg

or deployment and distribution netBBCRS a@amdhc MRICE Inp o r t
require substantial infrastructure to ensure equitabl

Deploying new solutions at pace and scale can-be depe
chains being in place.tdhC@fheso,whgichgul aml mddeltewant

carbon capture infrastructure, an exfeomi veé snebworcls
suitabl e s(tJoRG,g el 0slitdthehsl e st orage sites are not evenly
some cases storage may not be feasible for other reas
infrastructure spanning several Me mb er n&®tealteals t an de nrsal
equitable access. Givemnourmter x ompt exeé tyf atnidi £ riorsfsr astr
di verging appr osaacnhde sp errneigtutliantgi opnr ocesses becoming an
the pace and rRCe . T@B4b) sdcompounded by uncertainty
volumes and complicated coordination across the valu
barriers for investors dealing with hige, iadbeahbl gacg
Coordinated planning and international cooperation w
could also assess opportunities to optimise interactd.i
notably the el ectricitsyandggagsiteantdi dalydt ogewspas egpiset iamg
infrastruedturreeamo.r CO

The need for physical infrastructure is |l ess importa
vi ewed as a barrier. This allows for greater §flexibil
chain infrastructure oan ialss@anaet ms nar blarréesour des
weat hering are in abundant supply and( Tcaann ebte .ad e p, | 020

However ,-uphef sehe distribution neiuwortks ,hs uwlpioaoh wvdielpll or
affects the magnitude ofextpH alii Beeddt iFoenolv &il mielf & relcyt, (faca

bi ochar and BECCS may require scaling up of infrastr
sink and capture sites, such as rail and shipping in
BECCS can bé¢s€hbagpi)Wictammtr egardsbasett hmebbeds, there m:
port and shipping infrastructure needs to enable ship
There may also be intangible infrastructure needs, wt
removal met hods where the complexity and/ or (enogv.el ty
admi nistrative bur dem,dhfad rhielnigeersi § axt iman@BE€ad 0o 20a)y s al

act as a barrier. This also refers to the-upouvédiresa&nce
met hods, the enviacgfonwinemt ypimpallktygy context specific

coordinated planni-afgf soamidndeli seetrmdeti ple benefits.

3.4.4 Public acceptance and legal barriers
Understanding and engaging with public attitudes coul
and depl oyrenoty ad fs

Public attitudes could have a catucwitad mdmeftlhuoednsc ec aonn bteh
scal e(dNeumpet et al ., 20 1(Bahd).8Bam tihnsxettamde,, RWORI4I)c resi st
modi fied crops, driven by a |l ack of trust in politi

9As an exampl ei,ontahses |paorwgeers tst ake im@rioenwn et eby Drax who hopes
the plantltwddei vCe&CdSS an average of 17 trains every day trans
from North America andniEtke dgaeODroa xp,.0r2t0s2 2i)n t he U
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moratorium on Gho-8Vbt eeht REGywwrch on public perceptior
attituder etroowaarlwdsst h publ i ¢c attitudeianfulr @@mdeeseatc hyy Ptee M €
i mpacts, along with underlying -kabwesmommtihbdbsi ehat &n
framed or popul ar | y -buansdeedrds t @eorde raasl | &/n asteucruer e hi gher [
especially afforestwhiiloa -bmeosskadr enfed rheosdtsat igoenol ogi c al st
are ewed as riskier due to concerns about Srmihteh retr edli &
202UWM comtsastvey of nmoxdperattse Ifyowsnd ong | evels of suppor
the deployment of( BECCSr amd HACLCS2023)

Whil e the r esdarw hawhaiodgemleisgiotvs | metkRaodson in the medi
media is growing and wielmomlait heldy dsedilinegh deopt he asse o

technol ogies where there is a risk or pfeoecbpdhicen of
weat heri-mgr mlpmgacti ve engagement and distributional
Il nvolving diverse public actors offers an opportunity
the public plays i n tphrroocuegshso,uta ntdh ec ainn niompartavoen t he que
deci s(iSomist h et Rasear @@2d@l)so shows that win hwhibowh t ec hn
public does not necessarily have a forwmedpopiaciyomheex
has a strooaguipnpfoBaé seea et al ., 2022)

I'n addition to wider public acceptance, social accept
wi || influence the adopt i crecamdnoe/fafli ared yh oadfs ,r & mhoavt a lesn.t
or permanent <change, can represent a fundament al dep:
that are valued by a(gHowluelyt uetal @ hciosmmuéeni 3y reesat e r esi st
which can prevent uptake, as farmers and | andowners &
as wel |l as the prevailing att( S$akdiersmeorf aontdn 8B wlilli,ar 2 ghls
communities can be reluctaemeltohangesfi andtafbodestaptet
become intertwined with issues of | an(dFlo®cnhearrsdnhiept, arlu.r,
Collins and McFeRtersiicsgea,nc202) change can al so increas
necessary infrastructure, which could constrain or s|
CC8eyond the question of whether it is adopted or not
of soenmomet hods: for exampl e, successful peatl and rew

nei ghbouring | andowners to remoWVeannad be rpgere netti adl .d,r a2 On

The | egal st-bassedofemoegah actstvandiersg facesr t @ainmt y, wh
as a barrier to scaling up depl oyment.

The | egal framewor b asepEimomab hedsowoteadepend on wher e
activities are undertaken. Whil e coast al countries (g«
200 nautical miles of their coastline, ocean waters b
the 1982 United Nations Cowvveat UN@UME i thped Leasw @ fg & rheer
obligation on countries to protect the marine environ
reduce and control pollutOoadmfsetdhe emdwiald earsviont direme
operations hmaayll ahgo COéy at hectreedcent!| vy i ssued advi s
I nternational Tribunal for the Law of the Sea, which
the criteria to be considered (pdlLiOgt i sRedeladant & difle. 2Zmar i n ¢
I nddi ti on, the London Convention andf®lrlotoacwr c g oanfot ma:
pollution through the regulation of dumping waste mat
At the ti me hedb awempttiiome dntsiterguambent s were not i-ntended
basedmoaat i wiuthéwsgpave gener al provisions that could app

resttrhiederpl oyf@mt e x aimpH er,egvard t o ocean al kalinity enha
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Convention these activities could be permitted whil e
activities woul d Weibke leyt .badS.irmeisdt@&x2iloyt,edocean fertilisat
restricted under the London Protocol as the materials
in the |list of mater i(aWesb bt,h a2t0 2cdogu Il d nbge apnedr ndiotwinende | | i n
similar | eg@Wehimcetr tali .nt y2021)

An amendment to the Londofi| MO tt@@0 d I3x)g ual dactpet enta riinn €2 0gle3do €
acti VMiitsitess a chtaitv i ari eefsrbocam npda emandge nsatnriurcttarr el e ar a
fertiliissatthieononliyt ysucihstadtisvocdadit iaomdt ihfyy pbeer tms o f

|l egitimate sc(ileM®O, f2leel 3genseecnadrncehnt ref l ects the 2008 re
the London Protocol andL PL oln dAGO 8@ f. neyaenhet ni damite a @ e € n
accepmbtyridbxut of 5t3d partoerdon Whotdcameans i t.When nion yet
fortcke amendsmeentpected to create a binding regulatory
geoengi NdevrO,n.d2mM 230R:L ] e ngriofuipcs which report to the Lol
London Convemtgircere dé athhhante s @ g h k almancirtoyal gae ,a ulwteil Vv ataison

ot her biomass for sequestr atdhiaowme itnhcd upd thgn tairali ftic i aa
effectswitthasprre-rdsti ngdolrMG,ev2023)

Table 8 Implementation barriers to scaling  removal methods

reforestation
Improved
Agroforestry
Soil carbon
sequestration
Wetland and
peatland
(Coastal) blue
Enhanced
weathering
fertilisation
alkalinisation

Afforestation

Implementation barriers

I

Technology readiness 8-9 89 89 89 89 23 67

Infrastructure ] ] ]
Acceptance and legal barriers. - - - ----

Implementation barriers

Few barriers -

Some barriers

Significant barriers -

Not applicable or negligible

B
3-4 6 1-2 1-2

5-6

Source: Advisory Board from multiple sources, see methodology

Notes: Assessnents of the barriers facing the removal methods are intended as indicative assessments signallingthe extent
barriers could constrain deployment at scale. Theseare based on the available evidence outlined in this chapter, though in many
cases theseare complex and dependent on the numerous factors, making it difficult to generalise. The availability of evidence also
differs across methods, with more evidence on established methods with a longer history (e.g., land sector removals)than more
novel methods (e.g., the oceanbased methods). TRLsas assessed by the IPCC are also shown, with higher TRlindicating
technologies with higher technological and commercial maturity

Under the Convent,goveommBintdi havei been requested to
activities do not take place untwhi ¢thetrte jsstinfadegatk
wi th the excespctailoen socfi esnmalfli ¢ research @tiwdoaep withir
experts soine nahigfeiceanar oéng i r on Preott ed teii d retrlrateddeci si ons t a
2008 2a0Md wundcemyvtemeayonbe seen as prohibitive to ocean
ot her -masad removalin maéehats erbcaes eodf, sgclioebnacle, t ranspar en
control and regulatory meSt GESEMARMs 20t9peoengineering
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Part B & Key functions of an EU governance framework for
removals




Based on opportuniti ePsaragndAhrei Bbsairiddeennttiiffiieesd sfeavren f un
t heU governance f riapmerweomda @#ilakslssucsadlreal nadl yRowg@a D e n
T managi nGH@heéget,

T ensuring threemayydlidgy of

T reviemtghe decline of the | and sink in a changing cl
T accel erating the innovation cycle and raising publ
T secut hegiClOf rastavactd abeée |l ity and resilience

f maintaining fiscal suditatnabuti obpabnfilaenhassj ngnd
f enhancing institwutional governance

Figure 10 Identification of governance functions from the analysis of opportunities and risks
Temporary removals

Reverisaks

Lontger m potential and r« Constrained pUbbuantlf&lcatl SETETITY: arge | and
Decliinndsa®é&uture climate budget s additionality use change
Competition for | and and Dur atoiforsupporr t

Sustainability risks

Low remmstal

Contri butteertnn cslhiomat e mi t i dgnactoinoen di ver s
Synergies with nature protecti cBnviandmmenty
adaptation b

Effects/sonlwatSeipport fbarsemdature
cl i matagpt &t i on met hods
biodiversity MRV innovation

Per manent removal s

Hi gh current [ciomiitnefd asandc
Tecuhncertainty angltorage si
l'imited deploymedghmvestment
Research publ i c Guownapreetheensasn d s

|t|&n f Constrai hadl geud Tecuhncertain

gt
veaimear i al mil &% 2so High costs Effect s/smilwae
A"
ns

deliver

Indirect emiss

Hi gh current fg
b
EI |ronmenta Soci al acceyf adapt,atiioadn e

i
n
o

Emer gi nwi ttlech
Agricultural productivity Ef fect s/sorl Wwant potential cost declines
Usef bioeabdues adapt @&bi @i ¢er Competi taindeness
empl o ygresnnt

Dur albh-gersmor a
Emer giencch n owiotgl
potenbHEEt!l in

Key Functions of an EU governance
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Enhancing institycthaeopitfddlr governance

For eddfuattRearntsf,Bt hi assepsets the status of the exist
and identifié@&bepatsoyspaops cy gapssi mi basaldr amewomnle
devel oped by the AdviGsoowayr dBso agWl cilni mattse rneepuotrrtal i ty: p
opport d(nAidtviiessory Bowhd¢ch20Rd)i ngui shes:
1T Policyigapase there are no EU policies in place w
coud&fer to a loaclke aorf beatrggeedss),d al so refer to the
mechanism to achieve thosatataengetwherkbttbpene&talwlowl

develop new policies to achieve the required outc
T Ambi ti oni ngacpass,e t here are EU policies in place wh
their overal beambeti on t ewms,omtfhetitreidrel dbvjedcyt imeecsh e
is considered inadequate to achieveataheaseghier ed
the EU would need to adjust existing policies to
T I mpl ement atiimnc ggsagp st,here are ambitious EU policie:
the EU, national or subnational | eveadtbhaasbwebherine
achieving the required outcome does not per se re
rather more effective i mplementation at the EU, n
T Policy inconpei cstasresci eessh,ere EU policies provide ir
required Siunmicloaarehbyi ttioon gaps, t hatar ggesnewhed g @i

policies would need to be adjusted.
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4 Managing the greenhouse gas budget

1 Managing the GHG budget with removals requires fulfilling several roles . To ensure that
removals fulfil their role in managing the GHG budget over the nearterm (up to 2040), medium
term (2040-2050) and long term (after 2050), the Advisory Board identified four needs as
outlined below .

1 The deployment of removals needs to be cost -effective and balanced . Removals need to
contribute to climate neutrality in a cost -effective way, while factoring in externalities (including
reversal) andpreventing mitigation deterrence to ensure the EUachieves itsclimate objectives
at the lowest societal cost. To this end:

- early deployment of a portfolio of removal methods is needed to support their
development and bring down long -term costs;

- in cases where the risks of externalities (including reversals) are substantial and
insufficiently captured in the price signal, additional safeguards or limitations are
justified to prevent an increase in social costs;

- the use of removals to counterbalance residual emissions needs to be limited to
activities with currently no or limited mitigation alternatives that might otherwise face
prohibitive costs to reach net zero, the exact level of composition of which is uncertain
and dynamic (see Section 1.2).

Combining separate targets for reductions and removals with price signals could provide a
way forward to ensure a cost-effective approach while preventing mitigation deterrence .
However,theEWOs t arget structure has gaps

1 The roles of p ermanent and temporary removals need to be clarified . Differences in
per manent and t e nchavacteristigs amdeequivaleacereéd to be considered.
Regardless of these differences, the declining trend in the LULUCF sink needs to be reversed
urgently, as temporary removals are needed to contribute to short -term mitigation while the
capacity of permanent removals is critical for the longer term.

1 Stronger incentives are needed to deploy removals. Scaling up removals to the necessary
levels will require substantial finance. That will not occur in the absence of strong incentives
that are currently lacking. Policy options to address this are further explored in Chapters 11 to
14.

i A framework is needed to deliver net negative . After reaching climate neutrality, the policy
framework should be focused on the aim of increasng ambition and reducing t he E
cumulative net GHG emissionsover time. This could be considered both the responsibility of
society as a whole andthe responsibility of GHGemitters based on the concept of an extended
emitter responsibility. The strategy for net-negative emissions needs toalready be considered
as soonasthe next few years, as 2050 is only 25 years away and the potential impact of different
options depend largely on the timing of their introduction.

4. 1 ntroducti on

As described iChamteer edmdvwdlls imelrceoempd iesnteinntlcatrsye e teg
emi ssion wedhicbBU®S#HS udget, boehr maeditbhem andaln@amgg ntger m.
the amd evobtimeemovals wWHGUuUdgehepE&Sesnt s ,aedemaly cha
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require intervention at different Mpiog hrbee| acdp.otlihecycarb
frameworrekmofvozledds t ot deédrmadse® four hkhegdgovernance

1 The nemanage the contribution of aermdnosbashimgwaeds a
neutriahi a-gédbect,whepneayemi i hgati on, deterrence

2 The neeldartibfey rol e of permanent versuachempdngr y hee
climate objectives, considering their different cha
ansgt ordawgrea;t i on

3 The need tooppproppnrindearti ves to deliver rtehmeovtadgsui r ed

accel erraetdeu cnteitons and achieve; climate neutrality by
4 The need tao cdrecawi dfer atmeéneol rikv efroym e@fat m ete  eimni cslsui doi nnsg,
who wi |l be responsible for financing them.
This chapteroveproviedvedfarnr he status of and potfenrti al g

each of thebDwaeneemdst o address the gaps i dePatrioffiGd i n
the r.eport

Figure 11 Policy interventions to manage the greenhouse gas budget

Removal
Greenhouse Gases

Emission Reversal

©0 @0

Geological
formations

Fossil reservoir

@0

Quantity instruments Price instruments
(e.g. targets, mandates & obligations, cap-and-trade) (e.g. subsidies, carbon taxes, fiscal incentives)

Source: Advisory Board

Notes: Figure intended to be illustrative. Only anthropogenic activities and those directly related to removals are shown.

4. Managthneg contri bution of removals towar

4.2.1 Need

The | evel of resi dual emi ssions in 2050 and corresp
uncertain. Nevertheless, there is a need to clarify F
and removals towards cl i mat g on eputorvatdier yh omirgleld i It ¢ amah a ¢
policymakers and economic actors.

As desiceeichteldg® achi eving EU climate neutrality by 2050
substanti alGH@dussi awmsripl ement ecdpwbfhramsesval e to coun
residual emi ssions. Given their role in achieving cli
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2050 wi || thus wultimately depend on the future volun
economy by then. However, identifying these emissions
technol ogi catt ipriotgy ebey el s. abheds psiacei atlhicshauwmngceer t ai nt vy,
provide clarity on how the respective contrnduwtrnalns o

EU wi ||l be det er mitneerdm tpor eednihcatnacbei Iliotnyg f or policy make
Removal st mertdri bute to EU climate ne-effa@litiyei wag dhi
avoiding the risk of mitigation deterrence. To this
depl oyment of a portfolio of removal optibemefite ©dnN:

reduction amkthemaevnadt t o avoid overr el inmenchewiesnh f ut ur
uncertain costs and potenti al

Cosetf fectivepesismndsl i mat e pmodi etylsad efgeiagsni,bi | i ty of achi
cl i noabtjeecCosedfSd ecti veness and¥earce niodmd rct ieffifd d iiemctyhe Eu
LawEU, 2a&2etybmensions to consider when developing meas
neutraltinegy,t amdgui de the assessment of (vAdavhilseo rcyl iBnoaatre

2023)From this perspective, it is I mportant t hat red
neutralit-seffactajivoeo satcaoyn o mi ctghéiese moaclcluyr s at the point \
mar gismat adt of all mitigation options (Eddobhbdofensetnd
2024aRPchi evissge vtehriasl fcahcael | enges though, as further ou:

Firswdlyyatei onesf fefct¢c oethess caei beerdoidg h d i e.dtt &tnimes

ef f i cfioechnucsye deomost efficient allocation of resources
technol ogies and.Ilmarclogydamitacebfesi ency al so consi der
tevolower Whene.f aced with emerging, oirt uincemé@ae s drey hmn
both static and dynamic efficiency when eY&rudbtbi mg cl
al ., 2021; Gillingbamaandhi6g thloikgshtB 6 L 8 peslgiytieornat ur e, t
cost trajectories of new technoldyneaemsi caaldxypatrHdeinaed ,
baskdareifhgcts and ecefhdmihé gbpe nggawddhe ¢c and private s
innovation and €gaAmnlayd - de peltoyare.n,t 2022; Ne met et al .,
Il ncor podryantairnigc ef fi ci ency means that the o6optimal d v
incentive darstdawieatt s from t hos-effadticaeeprpdsfihesieaerca

depeoard policy showategnaagol i cy instruments must be ad
ti nffeEdenhof er et al ., 2 0.2T4dhae;r eD @ lo @th yam a reiveeth i e ¢ t i2W0e2r83¢ s s
per speicttainvicues t 1afdeevdenrecessary to support the early dep
of removal noapyt ilscmiclsItt Ihyatn o w, in order to support their
and increase their scalabil238&anth)l .the future (see als
Furthermore, it is important to nothea wehradctboftihpnardivalt

budl sost sheannedf h tnsyn ot dibe ect |l y trredirrercefealr i end t o as O6ext e
As further descy i deeds pin eClpapneas i al vd oext erssalail tei es,
depl oyment of some removal opteabgnihichinmanegpat hway
such as e. g. hi gheranen eorrg \bi woamsansesit auls le. 20.E8®8r Boghz e
reduction and raecncoovwanlt eogiyt nfoodiiat, i eevsa loura tii oatsh amedt s n

mar gi nal s coettes samshuate t hi s croeesffufletdstailiamfcaer educti ons a
removalosn t he pesocopiedteyy ver bfet al ., 2.602«p)Vé&wlptraancit iecte e
t hfei naoacé$t@é of-sruecnho vaasl smany of t hGh ep2da fimedeéor sn osth cwvarp tiumr e
alnflegatixexernal ities and dWstsairmmaga Hddeyp!| biyonietes t ai n
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remomat hadsan what might oled feearnt s ivdeefroeosnoecfifeitcyidesetper spec

which is parti culoaprtliymitshen gc dsAeMsi i oa o stseicdhmiofl iocgd rets

It shma

bi omass r(eveeaudroaodas dturalh.er nPofrbed,) dtfedhtregrreer al ek hepanalti tuébar
for t he I)andherdeotAipghrecooron st s and ri sks of reversal ar

adequatel yTriaepoueaadespl aced

perceptremsvalseleansidnag | y

e

cheap-tleamg r e mov,avh i méd dmetdr i ® umiet i gati on Bd&lh elroaw)ncand s e

i mpose significant coft e mone(fRertasdade sagnedn eMaact i Dbonvse | | , 20
al ., . The22)f ore, where the risk of negative externaliti
additional safeguards or I imitations are justified to
Asal ready dd e snc rChhlagttheerr e i s consi derable uncertainty a
emi ssaosnwel |l as t,beal adnudr iert egclmifsatbsielmotvya | ss e ePmirecsgLdityn g a

effective contribution of removals towards <climate n
about future removal tesdisamghidgabitemt dal srres&s, whi c
the achievement oobfj etchtdi veelp € dviioedndutme of removals does n
(sBe Q) . To avodand hiim Iriimé& with t hedtpgree awaswet ioofn arreymopvrai
counterbal ance residual emi ssions needs to be restri

alternati vChsa plseerewntdilgsht ot her wi se face prohibitive ¢

Box 2 Definition and different forms of mitigation deterrence , and related risks

What is mitigation deterrence?

Mi ti gati on det er(rManrckeu sisso nd.eafi maeld.p,b 9®le&)t of r
mi tigation resultingcdmo»imddrhaet iionnt rofduan odd ne rd |
context of removal s, it could be further r ef
reductions from the i ntC@rdaumd VSaotnk .orre fcinonashi ddnehinaat
terdm ti gati orbs dme wh a te no(ieGd retacdn negt Haltehmi s2s0i203n) r
andemovail sclawucded under otfhenihkriocaadedaront earsth21@2 2 m)e

How can mitigation deterrence occur ?

Based on sci egnMairfkiucs sloint eerta taulr.e, 2018; Mc Lmair teing

detergeneereal |l y occurs in two ways

T deltagprdet err emecdeucafi ons in the near ter m, it
avail ablaendatafsfcoarldeabt bBecdsat sar e

1T theffsetting of emi s scioosnts rweintoha ashesevimariat ghbignr | o @

Mi tigati on detcanrr anceaiddadrer dnidikfafvabdyes@®tasirdCalr t o n
al(.Caregtonal .i,deh@23F)i ed whysenidtaitg etriecmntmidgheemnir fe
through diff asemtutddtnerds bel ow

Mi ti gati oncaiececaenr r®&tntordi AMS B I c h i nshuebrsetnittl uyt ewirtel
removV aplusr sofcia-e f f epat i waagsi vieart e d u cotrti @emp e rtagd ru@ dete .
magnitubdespobulbstdeefpfeencddse veemr al f acs oumptsiud s asbec

devel opammednitssc o e hetser &b riocsadknowl edge mége i evm tt ihfi inc
thanti ti gati on deterrence IwANdaibnh etmroidceel |l ee d @-@wme In
deci gsiedered o w)

Mi tait g on dectadmapeaetnet he i hieldvell odé-nakieb@rnstiadeceei ¢
companhpsdstpone or cancel invessmemds riehyabat
their mandat oalyi mat e/ od anmonwatonge nitns t he futur e

Finally, mi t i gah a ppeetrd eat snforreenlteawatlb hi n pol i ti ca
soci al pPolcesymakemput in pl amnedlassd wattlairdgie a s
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relatedi pobhntiespation of future removals and
towards net r edRiecnmovoealysodhe @taig West.ensi ve liegiutsi
t hdiorsbsaisled busisneaasdommdaehde di asdodety se.t al suppor
redusit nhohudi ngtt bhc bug&lameshraondgdfedst h e g emelr @\teh tphuel
futurescdlaa gkepl oyment of mpoemofal sxf odlnii mdataan g & 1

Mi t i gat i onc atrehtbeser rtehnec ér etsaid tt i @ dlud dalce e henani nt
consequence of a bseyhsatve r@@usu If & @hmg etchtel vient er act i
componeprferred to as pn(nCabretmoenr geetnt ale.f,f eZ@ 53 ; F(
exampl e, pol i cyemekar scl manateett ar gled se i tnh ggiooond ¢
| AMshat e oovpetrilnyi st ihfeu tadbaalt eamialf if toy dabi | i $ybodque
indi vicbunplani m&k iunngd e s ii rnavlelse ment decfilsawadi dbwn.s¢
This means thatodoedenolwdheéhmae eii vwtee b tsiudrs trietduutcewii ol
remowvelIts gati on denoemreatemeclee sosc.c ur

Why i s mitigation deterrence a reason for con

Mitigation deterrapcebl Bammlods 3§ omrh ge ta B & Iy ye, mp2AddallrB
del isveni | ar outcomes for the cltomateda@ansiubdshiert
offeducti nemowdlidhwdébredesi t @bls® me,f e x t e R &t nmpefrseed u C £
woul d | ead to pr ohiobsiuthi svtea eagbhatilevnee nwte.l cfoasrtes i mp ¢

Howevés, not guaifansteead teadeas unhatkmd wad &l icV & ma
and ot heoustoosmensialar or betmesstldactbbosevef al
T The fluarsgcea|l e depl oymeat i m&nyamnmeomwhanosl ogi es tt
been pr ovelnf hadty ishcaatlex .a e ixipegitte dwi | | berempoas
reducme ssi oasmoamB@Bld&iomcentrati ons and madrer er
i ncrdadabstituti orni sdkn g tsfl aiglhureel as one of t

deter¢(€aceon et al ., 2023; McLar en, 2020; M
T Bven i f future ase manwt idseilgdaayti endgen nreeadru c t itoenmsp ow oz
i ncraamespBGldE&iocncent whai cbontgar,i glhelrii majtpepi ng po
irreversi flSehd amsgaer et al ., 2024)
T Removals coul d-tahhasnot il eciafpla thend ¢ éls & r defiotusnadt ese, fgf
increasedtkemosglih@nts emoval vaVer ehfaeat s spe.l
changei ,ltohcek of f ossi | (fMcellariemf,r a2s0t2rOuyct ur e

T FRut urreev efrrsoamh t e mpor avioy Ul mld ;o machlsi nahteeo fb erneenfionvt ael
t hesecoampeensated by .a Thewni gehmevrhcctasdO b | ender
intergener at i Mam&lusfkainr Tehte @rinistki 7@t 8 )o ni sd eptaerrtr
hi gh codsttcshoei bismoout andompensat i mg vpeaatsean ssu & f i
reflected in the price bftssemotelad w, d dnt@lRa lnldy |
Mac Dowel | , 2023)

f Using removalrseduwctsivehmd i ¥t nthieensidaviegati on al t e
| eaivnesuf fi cient removal pot ent inaelg attd vme, eetmistst
pr eseinf edtli.c383chl eussner et al ., 2024)

T Removarles | idckealliyvetposetweve eaxtderhmavlei ta elsi gher
exter nanldiptiilelsovewut ef leclh @mi Ei on ¢(€dutbdobnors
Mar kusson et al ., 2018; McLaren, 2020)
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Hows er iaorues t he risks of Mmitigation deterrence

Based on a systemati c I(iCaerrtaotnu rest umehair, ¢ Re2C34h) 1t
di sagr eaemmde vti ewiptoth insicsi e o b mMmu mint yhsoew i ous t he ri:
deterrence are. Some argue that remov ales i aue
doisg in the fhuatvuer ep o uGntthietirestp i reivd adllemc & he occu
mi ti gat i on sd e tnecroenecd cuessii vdégtrs imi sthe me &l owehilsm al
someave argued tmlkabubher gpredamnmatuilwe seerddetcti & e e
reduction technol otgd ema tne rgena d aatldseox cfl aucsli sy eon
reductoodidmi dtat éy the devel opment of removal
needeod r each c | i(nCaatret onne uettr aalli.t,y 202 3)

Source: Advisory Board

The contribution of removals teWwaplEyotl icnaibhkreanusquht r al i
botthar detdnd plréedeapproaches

Broadpegaking, there are two main approaches that pol
bal ance between emissionf areduwdtiingnscldanmbtree mewalrsal it
appropahicyrmdaekerde the balance directly, with separ at
emi ssion reductions (her¢tefdtapprefaehtéd tJUodes aheét aecd
policymakei® place policies to create a pribcaesesd gnal
on whihedrnkdeett er miheme al ance bet ween rseuntohvmdhsgticemsllt r ed uct
artehe shhenmpeending on this overall approach, different

private incentives foesdeipbedgiingSwmenielvaletsai lasi n

At ardgetd appcraonaotber e effective at reducing the risk of

negative environment al e X tleerdh ad p pri ceasc, h wehoeu leda sh eal pp rii dcee
wi tchur renmnot loyr | i mited mitigation aéftfeentaitverss anidniinite
of uncertain future reduction and removal costs.

Climate ttalregeftasumdbt maheopol i,epmbedeaimbwgar k slainrdeocatgi o n
tercmmmi timentpol i gryonailsdtirmgn g foirgmeaalrk et s amad oiumdget mayn dt

coordinate ,i mnastcmermts ng a means for civil(Bolcplity t o
et al ., 2023; .WhaiHl lleee adatd amo.s,t 2c0olu8n)t edimd ss sh aowne rseatuct i on
(i . e. including bot hwirteldiurct i lhe s rameo ralmgp ettad sset separ

f oemi ssion mreaduateirhaawsel soereneasi ngl ythieghl iaghhtadd i ien
debatSeveauwtlilhors hafvesepragwdd targets for tromdoageons a2
expectati ontsheriergarreld megct itvoe Eclo nctlriibautdel ogosa lad lsckes tolf e
mitigation(Kepemernete al . , 2 0 2Mla; n yMcoLfa rtehne seet iaault|haorrPs@ 1h9:
argued forther 6tapegmtttwipemnmnament and temp&eaitdf.oinemov al
Ot her salhsmovgeu e df rtohmata dynami c ef ftiacigenpayovmeineepmead tyi v e,
st amer ket sfsdirgwaIlst memnte pil myareat noeft hreddweormahof er et al .,

Dependitnlge omei ght gdbvjeenc ptoov etshyensaek e r s ¢ ainn ddeisfifgenr etnatr gwea
with different i mplicati ons-effdrecmniitvieqetsison Toeta@ni e@n aa
removals to achieve <climate objectivescoautdefri emceu deh emi
maxi muomt ri buti on ofr eadcumtviadde ttfesrectddn a( a mi ni mum t ar ge
reductOnimse) ot hero haacrd,ease ambition and encourage ear
al so smtni meenv el of removaBstalpprmweachelsi ewaud . d al so be
currdonleyunder the EU 2030 cli mat el EU,a nZeGIofsbkiai nmuhne L UL
target ofn2r®mdv £€0s i n the LULUCF sector ,( BWher2e0a2slb)he
l'imits the potenhéemé mcwalts itbawti ba 2030 . 0bHuerctthi evremotrce ,
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targets coulkdthherpgef nhedeacumalrge@d@ mr s atshoantsl ow f or
gr eatnetrert emporal flexibility.

While targets signal commi t ndesepprnt da&c heasi ni sc htathdteng b |
pol i cy maskeetr st h eb afl mtradreeelen emi ssi on reddct gotbhkysaerdd omem
| ongeram sumpt ¢ @astdievep |l uti on of r esi dfuuatla oeentiss sofo nrse dauncdt
and r emovaAs odpe siicofieisbteldgtBh efsiet ur ends uaarerfi®onh r emoval
and r edoupcttijoommisnhdh i s c oinmppeertf eodt |iset dsiempapt & aothe sttaartg ect s
canesuktonainefcf i cieanecigemer .ltfime evolcudsitosn aonfd technol

begi mMse vtisaitgeni ffirckame $ ¢ assanmpadknesf flexibility to adju
removals andanedueatenaddi titommedt ierce nolnmimatceo.$rhesut ral i
ul t i mat eoni ngmdsdttect i veness wolud de xdteegpretn dt conwhi ch t hi s t
deviates from the baffhecei venpésedcbiyt enisa, as wel | as
(Edenhofer et al ., 2024b; Mer $Siomitli &li yadsu IMtn 82024 cPanot
i nvest ment in removals or ,of hercomi tdi g aetsawdrio tiaanc donvoss rtoagl
negative objectivesFbeihgwmdkseedeeningebgparate targ

I i mit mitigation detneorfruelnloymynegthheegs paks moétseod previ ou
policymakdmd enti onal |y soert uhniignhteemtrileomestirdoly ye e o at

reduces pressure on acti(Bradesantdo Scaedecderemi 280R8ns Me
Edenhofer etSomk. ofRiDDKsms pand icrhatl-d edhdgti mgpeconultd gat ed b
all owing targeitrs domdef adiymlayfiembeddmpbekey milestones
where this bbeada@pidceeetbhechnol ogi cal devel opment or new
(Dol phin et al ., 2023)

Under d edriapeproacédri ng both redvii ahicommoan ¢ ruinedeorsad Ilga a
an ver al | cl i mamoeau | de wtrreaaltiet yf itnaarnged ta | incentives for
|l east expensive balance of reducti enesduand ofne awaw ageest t «
al . .20Q@i3vaen t he <challenges in projeéGetcitnlgor e ai ave & I e
fun ioning price signal can help to both determine
al t natives to decarboni se, hel ping to Iimit residue
nec sary twerfdedelhe mteadsch. edowaev.er ,20r2ed4l)yi ng sol ely o
et mi ne the bal ance bet ween removals and irteductio
hortcepars nigts i s understood fromtthlad pego@arcdmiptrseotvli ideeesr a f
al b@d-besstol udt iooumh ger fully opti manhr keh dmaayt olmes-. slFomrtst
i ghdredf ace -ontalm&rtndmeramnii eirgs t hae¢r rm prhiocde si gnal al one
uf ficient to incentivise the eaacdty rdemdtogbmmemitc hofi sem
necessarlofigeadnymami ¢ effici eAocgdprerrepeati ve2022; Ne me
Grubb,.S2e¢2n)Xt gl yi ngcesmmen ycensagnal mictoiug alt ad s odet skr e
severapawayawgl afl yt fail s ctos tr(efowdebrlsyal o apet Yprre ctehes i gna
by owerliyni sti c mar ket expectoaft iroenngosvBaalsclosv es) .orFiproa lelnyt
previously described, many removals are associated wi
mar ket prices, maigvicaos me o ewdHsbot dsddri ed s -l tehdi sa,p pa oparcihc ¢
could be combineduwisliyWWequalnst @&t itvbet he uséhaehrtrlgosae r
high risk of negati Ckhapkie®chdldntli es (see al so

n O

® ® ® O -~
= n = ~

n u o un o

A combined approach using both targets and price sig
costf fective contribution of removalpsr etvewainthiggg atl ii onat e
deterrence and reducing negative externalities.
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Under perfect ndamrakmetliyiclo nplé tfiommts and symmetric i nfor ma
a price that can captur édaal érgdfco rh lepdrciapeps ocoancth wewnmé di
wheaetconomic i é&fttear dsuba@s bl uti on or a socially optimal ¢
absence of these ideal -oxntdi$detotnisng alcddc eme sxgumatitiaisne
multiple policy instruments snagydmedtjametwiof kKedTdspeptiem
signal s oamplplmeayotlaersy in this ,poéntciyf yirmgnewes kdual er
determining the required volume of removal softfoswar ds
bet ween the short doemitnegdhsdsaddt isveecnorenrsds approaches in ca
externalitidanaprdof hei avgati on deterrence.

Sevesrtauldhiasvse suggested a combined @&ppmrmadcsh acf at awage tfso

pur sue -eaf feacdtive outcome while reducing the risk of
extern@fauli eest al ., 2023a; Edenhofer et al., 2024a)
- A minimunmmotragqgieted removals can incentivise early
technol ogi cal devel opment and dynamic efficiency
- A maximum | imit on the possible contributiwbancof r e
de fsoae#omi ni mum target for gross emission reductio
deterrence and provides an incentive to continuou
- A price signal could then aldldéWwechévmablaétante Oet
mi ni mum target and maxi mum It ihmatve @awdotrol i dné nteidf yn
alterndhdrvesposchbheprice i dliegihedelhd woouladc count for
externalities of r e d uacltti hoonusg ha nwlh er e motvhailss i s not
restrictions or | imits can be justified to addres

Furt herpmdrie,y mi xes and sesercbatg olatp p3rwoawlhdefsoarl | o w
adj ust mentasp ptroe ahckhe mmar ket condi ti od s$-bielgietotvieng.owar ds a

4.2.2 Status and policy gaps
The EU currently has neither targets nor price sig
contribution of removals to its 2040 and 2050 <climate

The European( EUi mdtse tthgew cornerstonelaeafy fthamewds k¢l ism
objectives for tGhHeEmBEBUssoonedlhigeanel eastwi 5599 Obyl e2v0e3d 0s )(,
t o achizereo neemi ssions by 2050 and to giTahdbeoBi gegati ve
l12However, these tanae@enmiss scioornr ersepdouncdt itoons (i . e. emi ssi
removWhislle the | aw sebswhietbmbealxteah contorviebwmtld t o
2030 climatettoa®P&iq, ilti mMdded not speoiefmy stsh ® ne x pelaitce d
and r emotvhdelad ance thleéimmeeanchi eving the EUds ky i MA5@ net

(policy Huwumptyher mor e, the European Climate Law does n
requires the European Commission to submit a | egal pr
expected to propose a fOO%ROdAtpraid BUBCHKOEGCNH 202 Hielng Is

i ®ot y et slaaptrievgeoW®hailt Beo mmuni catacocno mprachyi ng i mpact as '
provides estimates of the |l evel of residual ®¥mtssions

i fot yetwhet hapsoposal fosrpezddyarwatld t argeamsd foor rem
reductions.

1TResidmassions ofMi @asdt hamo8&a8DMt @® to 400
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The LUeYCFation is currently the only piece of EU | e
ai ming fwirdenneé&tU removal f aomet hef L BHYI CH: X®hk-tvd d E U

t ar gedn itg atnls |baitnedd antghto@mraget s f dihe mbré&da veosvealei t does not
curr emtolvyi de target épdlircyDugasp )d20dd® t hethleULNBEFo sect o
I ndustry Act sets lae atsatr goelt, i Mtp ecaft h@@veapacity in geol
year by 2030, including an individual obligation for
capacity target, but does not dCGS iFnugrutihsehr nboertewe etnh irse n
not currently extend beyond 22e3r0Oo Ilan duhsoturgyh Aac tr eivii e2n0 20
the need to extend t(holigawu)Eguet 20e2ydoend 2030

Finalhlkey, has not yet put in place any price signal that
towar ds cl i nbayt emenaausp wbaéladietayp pr oach. As expStathed. 2n mor
the e ssi on tr aEdEMPwsiyshems (the EUSds mai 9dGél&S mpoti cin

(yet) cover removal s, so it does-ehbéecteinad | baltdairec emab
reductions and removals in meeti EigTd&reeti veddoteboneqga
European Commi ssion to assess by 2026 how removals c¢
submit a | egal proposal to this end where appropriate

Table 9 Relevant targets and price signals related to removals in EU climate legislation

European Climate Law G) Net emission reduction % No formal proposal yet, but @ Net Zero GHG emissions G Aim to achieve net
Target of -55% from 1990 communication from the by 2050. ' negative GHG emissions
levels, with maximum European Commission ] thereafter
contribution of 225 MtCO, indicates net emission Ll?_'l No formal proposal yet
removals. reduction target of -90%. on 2030-2050 GHG budget

LULUCF Regulation  (€) et LULUCF sink of 310 MICO,.

Net Zero Industry Act ('_-) 50 MtCO; injection capacity
with individual obligations
fossil fuel producers.

No distinction between
removals and fossil CCS.

EU ETS Directive G) Emissions cap to decrease G) Cap to reach zero by 2039
by -62% from 2005, (2045 for aviation).
with removals excluded.

% Integration of removals
to be examined in

2026 review.
Source: Advisory Board
The upcoming revision of the European Cli mat2e030aw and
climate ©policy ftroamerwovwikdenemare clarity on the resp
removals and reductions towards the EU climate object

As descfChhpleirmremov albse nsecead etdof op t &@i dUytthd nke&fch
95% reduction by 2040 and cl i matwdineutmaalaigtiygby h2050 s

21t should be noted tetgautl awhiolne sehesMaOQER203 ®,f &tllber pi ec
|l egislation put more stringent | imits on the extteinthernr o whi
2030 targets. Under the European ntximautne 212&m Mt @&nhoi veavlisn gc a nh
EUbvi de t ab®éot refdurcddimdrs siimns by 2030. The Effort Sharing Reg
annual emi ssion r Kamlt&raotne st airng estesc tfoorrs MEAS ©o v eEelddud GFy onhe E
al so includes l'imited flexibility t o use removals gener
underachievement in the ESR secboes - 20F®trda da hrhaxitmwrh .qf 22D&:
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with reAolviadssi mly aiwhagdiedt afisabaddpeequcltaeantdydi fe@cti on
polmeakearnsd economic actors on the expected contributio
targets, and how wlht isnbeadbett g i iSwetetdi.m gwitlalr get s f or both
of removals and maxi mum contributions from removals
provide the flexibiliefyf encetd dveed stod upurmnanse whstl e saf e
failurmestiagnad i onTdetacrmheybe. ptrhorvoindgeld me da man +t cermr gn

tar gagest spar tupacfomimeg revision of tdien Ede o d¢ldh@gpi20¢g3i0mat e L
climate f(eg.agne wloddkWIC&t i odi,r eecleBEEH cndust)ry Act

Figure 12 Status of EU climate targets and the need to define the contribution of removals towards
net targets

)
g <225 MtCO, removals
= towards net target
@
c
=] — issi
a 5% vs 1990 Gross emissions
E
3 . Temporary
I removals
(L}
Permanent

removals

Net emissions

2310 MtCO, net LULUCF target
=50 MtCO, CCS target (not only removals)

2020 2030 2040 2050 2060 2070 2080 2090

Source: Advisory Board

Notes: EUlegal climate targets shown in this figure correspond to commitments in the European Climate Law, LULUCF Regulation
and Net-Zero Industry Act.

4. Ll ari fyrimlged heef per manent and temporary

4.3.1 Need

To assess environmental integrity and pursue the high
essenti al to consider the,duwraantiinddn ashiblsit tigfut @edil d it &h a
emi ssions and the removals that are used to counterba

When removals are used to counteGH@luadmged roesiwduali nem
mar kegsj val ence betweenetmmheét i agmouvasatit ibeen toyadrhsei der ed . Tt
thahe volQQreapotfured by the removal activity must be o

timeframe over which the storage iscmaiatctémiest ishoud
depending on the source of the embemiioni ors rreeaprvead e n tl
per manerngasiencin atmospheric carbon stocks, transferr
geol ogi cal sinks to the atmosphere, (wWheerrteon teitr eala.i,ns
Some r emeotvhaddpgar twihcaurreardar bon i's stored insiCi@bémass or
a potentially much shorter ti me.

Temporary removals present greater chall engkan to er
per manent remolvawer dtuyepitcoal s thoi rgahgeer druervaetrisoanls ,r i s ks &
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additionality. 't is therefore importamingdgteos malnamitf y t
removals in countparbmd mearcti nfgo sneilhe€COemi ssi ons.

Fotremporarymaeteimomdgmdrti cul arly thasleower tthepil @aald stearn a
and a higher mie &1 ko s octalrebeoanpt s mé d andgesntearadtduyrwn | 't o t he

atmosphere in a shorter timeframe (e.g., within decad
met hhdqas€bdapt2amd).Furt her more, when t epmrpoviaded rkeynotvlad sl &
ocean,sinkss i mpor t@mag Hitiveed i snpaitpugradkles hCd at woul d have
without human i n& etrdoe\e@mrn ti horno) poef gréogecst sonl y remowat si hhat

additoonhese passive sinks cont(rAil b ethe ettbosataabl,ltiizthgd 49d otbl
type of additi onalfiotry ntaanny btee ntphoarl a reyn grirethgoivrad t ammed ého dosf
orquestionabl e addi tfiroenqdulwintgyh| higeshe e b e e fhsiucelr e r €0
inadegsatebwsel i nes, of orborbouasdte rmocnhiatlolreinngge,s reporting

a diverse range ofPpobsgeces ahd, a’cbadns Badgl.aAyl et al
t hese ¢ hmaddtnchmage st e me mo eaehrsmanent arnedmoevnalsssi oareedotti or
fully e@uwidhaltenthe t empolkt@®@wi drdevneorv atlh eo figeemge ritasd ed ny

|l ower miti gadmmagr é dnptacta per mareadrutc trieonmo voa |l ponCea tttoennn e o
et al ., 2021; Brander et al ., 2021)

Within shorteef ithhyenedrdcrentesbpettempsrary remevpasticalul ¢
equivalent to permanenwi teimovahsg. nieenmf sgwmehd@lt decade
cent,urtyenpor ary meme vihia®@® ulH alvae compavidblgaati ag t mpact
permanent reduction(Groommawval Vailfmdnd COAGRENp of aCOl vy
removed requicroentp atroai bhlpegiammpagt t oo G@hfatpeorf mdnent reduct .
removals has been referrreetdilni cbpsesdrt equheatlegree of
within at i areer thad Biuz & re and ScPPeauittl,ongée3)i meframes,
equi vawoande r equi r e croenvte resoaahipse yt Jomlyeedf ur t hepresmov aing,
addi tional chall engesnfiom ceenegmg o o g rHricamakesc ientg al . |, 2023

Overall, the I|literature has imdaennatgit fhide d f ewentbr dadr e
equi vabetmwa@empor ary orne moiwvaea,l apnagmelr manent reemmvassomnd
reduconohbe otFidrns thraerud htoawe ar gsiemtceempaotr ary caeamovy al s
rel ibsebdorysi equéedal edti vieod IGHGCgoevraies 4 iborgs hheeyw ondt lhee r e f or e
not be used to c oCuetne rsksad loaascxelsbomismpg | a ncclei nhaatteh et s or
within a mar KRetst eatdtti radt e yo nd ryg upee r rman érrovd $ rhe moeviailab |l e |
term sdoraglkeonl d be ustead e mesniviiéed ® ntMmeaind almaiinnttehgirmattye a n d
ambi t(iAdd en et al ., 2024, WKR, 2024; MdUeaerne(n@0e2td)al . ,
describe this -asrgeomeghnicaly heat pe@mma nttawmrsddyosfe dC® o t h
solid Earth for every tonneOshets lgawnweratgudedndimaf oss
other equivadlaegee yi sedéeéaecd gowmmthambicE&engesuring reliat
certification, MRV, management) Pafovri elveel Istiada trii sktsr tamedn
and institutions are puitsthkhse yplsaee at fepsotrnasin taeigauni tvhpd seen ¢ e
bet ween tempor ary -lrievneodv adHsG wenrttihsl soinagres t ai End etnihnoef ferra neets a
2024a; SultaniThet ddlf.f,e r@g0@d doapcthieosn sanfdori nshesmeopti o na
and chall enges f orartee nipeosrcarriyb erde Sowtait@me det ai | in

BThdwrther el@poalatig@medlaal e steseaged st quacgeenstowreyr tnou lmiil | en
ti meswakdout ongoing humahfur thhiegrhv @ mthitont.haThecyur rent evi dei
geol ogical semeestt it § owthamaedred evi denceheées meghoded( fioke
to demoassiamiéar | ewdl dafabetutiyty
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Despite ddguniveltden od her mi ti gattihoeent ifddped sontso mai nt ai n

increasel ume of tempo,asr ¥ hregmcwanl scontri bute to cl i ma
neatrer m, thereby ['imiting the EUOhi pealegwiarens ngpolioc
incentivise temporary removals, to maintain existing

As descbBebeldo3dnmearm mitigation acti on t jcroombdg m eadc ona It enr
ar apanddust aismcadpleedof r erneonvaailnss t he most effective strate
and damages. I't is therefore crucial tioncbhroetamearcad esl er &
in néneerer m. Gr ebaitninaet uri ty of penemapebher EMObUWEF sector
only one that currently prowaitdecthaegdganli yeoeesicsasliewmisc
CQr emoval may currently an(dl RQGC,sEwo@uh Edheemmpno rbaer yp orsesniobvl ae
cannot guar adtoetgerstheraasgBreer manendevemalvthdmbhet sat e t he
i mpor todtnecnepor ary tmemd Vv anlag ehenigiim@atti @nrnreduceamag&s and

unt il more permanent removal a phteircecbsyubeogmeoavai bt ablse
the tr aowswiatr i demeluit mMaRlireatnyk s et al ., 2023; Balmford et a
202W)th recent |literature sugg¥®osft ignlgo baalg rwawimigngd ibkeeilnic

(Bertram eanwhilt.h, t2h0i2g4r)b ertiesgkisngf triggering irreversib
(Ripple ear@gént!| Ooi2tdggremd ri avri ysiimmeggmomatessary climate mit

Thateotaitr®enger efforts to grActl eat eg¢whadatsi, ndg Glzan do esdi nil
more deChap?v,éhmve deicn itnteeeh dEUamer easi ngl py tbuemnéeprnednd
projected cl i matHeo wehveeragse oiumd a otteésd.p f2an §,h etrh d ra¢ brmay
practices in the LULUCF sector that are necessary to
not me et the strict additionality or guanrtelfiiaablid it
equi valence with permanent r¢ Nov alns eo rFaé mihed@ e, e daL
outli@edp3i asome pr aot ipced®e mdgleatar y r « thodvdael sn dcgagotaicvt e

on ottlmei ronmentdl moemsisomwd hétaspl acementri oh bfabkeinast s

monocul ture for eAdt rtyh eplsaanmeatti iome,. i t is well recogni
removaailds protecting exwseidmamggeidnhkhsadt appuohpri ate ecosy
ef feanshave multiple benefits: supporting climate mit
gl obal biodiversity c¢crisis, i mproving climate resilie

benefliPGC, 2021)

Whil e at a mini muai mpodc¢eérctyi vinsiemg i vigesr maonensi on bémpe
remownaledbd ocapplied in a waoyt hehrati rdmene nt @l tila en@ensii O n s
a need to also copmndidgr mokeser alheddsofoméentdsng those a
mai ntaining exfibowiatgh rsd ma&krsy, mMaantduerceo,aly st em restorati on
environment aCh aopifteclroanbeosr astyense rogn e s awidithteo nEUd £t i odi ver
agrifood, and bi amaenrde rhgpyw g dleisei €xoul debéeelwe dti g dhvad rEtUOD s
cl i nantde r eonmjveadt i ves.

4.3.2 Status and policy gaps
The current EU policy framewor kdidfofesrbreudceesExip leind istsli yo n

reducti peasmaemavaanitdse mpomrampval s, and does not yet have
approach tiontgghdedr rissdesqgei val eneeemasidbi | ity.
The European Climate Law requires the EWG i sascihoinesv e

wi t h r ebruadweaelssdn o teacdddryess the diff eftempoclaaryaatnar ipsetrinca:
remoVa®lod icy Tgheep)HU eETS ve i s cl ear ermemt itohniesd proegnuti:r etnl
for the European Commi ssion to explore the integrat
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explicitly to removals that are stdirredcts afeelay remd yp e
mechani sms to manage reversal riim ktsh & r @monn t@e¥SH yoagfi cfad s
requiring the surrender of emission dIRickeldncestf arl .agr
This suggests that any future extmanpsi dn nmoft etdh e oE W eE T
removals.

TheEf foritngdShRegulratémmnl y all ows Member Stat(édsnctl wadéoagnt

|l oAg ved e)ininsgsih@ETSomectors with temporary removals in
up to a certaimeeixnemnadatIRB8MIMaEB@2 bnly to the extent t
has overachieved its national dlifjeenptoirae yumeenno viahes @Ule

at a |l ater stage, whel iamed &leynb & soirlsktehtadi nr & vhexw fsfaolr m
binding national tar ghtdwe fer, tthreern & LIULFc srercemtrl.y no cl

for the LULUCF sector wil/| continue after 2030. As a
sectoEf andt Shar itnagr gReetgsu liantci lound elsi vae dr i GHG tehndiésr sl i bohngs
regulatéonounterbal anced by temporary removal s, wi t h

temporary removals a(rpeolriecvyergsaepd) after 2030

IfhecBUt $tnaulel ow t he use of temporary -FemedaGHGt emic ® 8 hnt

i wi@t a mimeéeendmt o put i n place a n@nadarmbampmubdbaahebhoe a{
chl |l eengless descri bedChiamp treat b ed EREF(IBEW,g uditazt4sgo)mc k nowl edg e
the need to address these challenges alnedv ep uftosul fesr wa
certi fi ovdhtiicdhn need to be further el aborated amd del ege
manage these different issué&sctar@n3escribed in more d
Finally, as descrse bteldop n2morentdeitmééni nves t o maintai.l
removals in the LULUCF astectbguibreeecdInodf,deanrbdvestomgngert
incentives are needed. I n previous reporistghitshegafpdvi ¢
by extending GH@®URUCEI sgctor, in a way that would al
achieve this are desSzatibG&a@d d na o Eeecs tallddt ian | i n

4. Provi chicegti ves for removals towards cl

4.4.1 Need

Scaling up removakisngr esquubisrteasn tmaaldi Ifii nanci al resources
ranging from EUR 30 8thilllliiomn tmperovyeegarEURy 2050.

Whil e -af fcoestti ve bal ance between reductions and remov
achieving the EU clilmaé@uiorbgecmobielsi ziewvgnfi nanci al r
removal s. The total financing neecuftogralr emewalrd oisn i tsl

but could be swhdtmanteisalb,aswidt ton t he voChianettarmghd cost s
ranging from apphoximcaiBbiyl| EURNn 3Pper,appaoxbmddl&B9)h 0. 1
of EU( GSB&®If or mor eRalfeltedtlisyg the uncertainty in costs

from the ilnidtiecrastteurtehe potenti al ftort aanremoaivawpd®rs2isar
0.8% of EU GERempho2@50 and.Byicdmmpachs wWj2mg t he EUGSs
climate objteceneegy fand transport sectors requires
EUR. 24i 1l 1l ion-20@*qrECBQ21R2024; AdviEBheye Boatridmat2eds24may r
“Quantifying investment needs inv,al beoagsi grinfgiec arft i mmpadr treae
considered, EwrcdmaelamgCdimpiasasd 6§ e 8 8 seemd si,nf or m8i oombé&r gmNew
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account f oorf tihnev ecsotsnesn t in indtrawotrr uddteu ree,e disn f ow a tnied n
2050

Box 3 lllustrating the scale of the financial challenge

As out ICihmep@, eirtnhe potenti al and costs of-ranmdgif
particularly for whoftédasiemolvialt y man dh ofdst ur e t e
uncerQiaviennp. telkits mates of the future costs of r
n relsatr aieglybssuwmat dons regarding total v o |
xampl e, EddrlD@4emgg edt @ed .t hat gl obal removal
o WUSD® trillbynt lp@ee miyabsayumi ng aver adgle vGklCuanme
emoval co0sd390ofpedt-S0 CODPPr ox 03wt @fl yglooBal (@DR.
sti mat ecdu null calhavle €t mentts idfl (WSO 6o i USDon by 2(
nezero emi ssions, or antave®@Dgeidfl iWHND p2e75 ylei
2050. For thenEHE] sEdd@mMdfeerese x man cdidr emey ad 15 e
Oo2. 8% of EU GDP in 2050, following tdheerEthoQa
mi-dentury and assumiElJR 03BDPer &0 dbet € ongetg adfi vr
managing temperature overshoots is potenti al
0.Cl associated with aepporfoxilmatad| y e2rmolv aGtsC@ n a
eadhCbf temperature overshoot gloalbiad erveagriusier @ g h
negati ve (eWKiRs s.i2drRs4 )

® - —* ® O

As a similar example to illuper ambheenh e asrderhaewm
vol uimeem t he Advi sory BoaChdadpdwesrce nao mpadead awi
descr iheadp2ikm Obdaver age ,cast weavd & iragsla h gweesrdee vel o
based on the costs arChapsteeanstsivamhisngd:escri bed

f Average LULUCF EURoy@lpewist BOlbéw and Ipieghato
and EURerlot0O€Opecti vely.

T Averapest ecsotsitnsatfeddr B E 0 @S nadnbde gMA 29 ,2ad43.1 ong
average mini mum an(ds éneagx@)riduens &/ ad aaets esti mat €
an expert elicitation study, and provided f

Figamel ow il lustrates the total, cloasstesd iompltite
removal s contained itnartgheet AaddwBisseoar dir kelBnsyaer dadvse r
scenatrhiEddso ud dt ai | annuald & dbstld yofa OBEMRRO b5i0 by c
204aOnd EUB Dil |l ion by 2050 t o dednwiesratgleee dlaev
Gi ven the i nhernenftutuwncee rrteatidniayi dredwmasd enpl i ed by
and high cost estimates above, this coul2& &@ |
billion by 2®@&Q,i lalnidkonEWRy 2050

Att hese ,r atnhgeescost of r elfao%Badfs tchoeu | HU & e @& DnPniOm \g
real GDP grows by an )awherl aeg & hcefs a2p% r pgexrb aemre reu re

removal portfolios in the Advisory Boardos ¢

Energy Fi nanoe parade stthBeernE However , di fferences in the defin
calculation of investment needs acr aoasesmowvaan ar it s t hrosweentnva
needs.
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dynamic responses betweent nméyghhl glibl umessaalt
may need to be mobilised and sustained to re.

Figure 13 Annual cost scenarios for removal s
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Source: Advisory Board scenario database and cost estimates from Chapter 2

As removals have relatively highi c@asdcisalandalgeeneagmt €h
mobsilnig the necessary financi al resources requires st

As descri bed i@hamo2recu rdreetnati | a nedmofviatl ¢ aceo sstsr ghgt we e n
removal ,mewihtoldsesti mpt d o rbeaardhoafdigepuerr t Eo ¥ ®d s o me
permanent removiddéweneehodfsodamodsitnrepmowviatsl ar féor perm
the primary value i(nmp.de.tiss edotcedeftl éantaé@d in the price
gener at e revenue and devel op a Vviabl &héeruefimrees,s Ealsi
instruments are required to create sufficient i ncent
removals needed.

4.4.2 Status and policy gaps

The current EU policy framework provides onlagreéimitec
insufficient to deliver removals at the required scal
The EU ETS is etmhssEQOsSs mai aiongdeilnisvterrunmema cl i mate t
i mportance wil |l grow over the coming years as its sco
ETS provides financial incenti wesctodi ngots@tGaghons t
somenst aonfce@®hln captusedh€@ically bound in dUE&@bIl e co
2024ift) currently does not i ncl ude'(nReicchkaenliss ngsp otbol ciyn c2e0n:
“Under the ETS directive, installations are rnequisséont 6osu
the atmosphere. However, it is not necessary to surrender ¢

and permanently storedcogesi opgrcdadibdtys ndoc@@ mcent Aynand per man
Depending on the cost eomi CLiSb mwantedeppireeaitdhing creates a f

to captur @oanadmivédepirens. However, this mechani snnenéegaeasi et pr
emi ssions, as it does not all ow foaor tdmroeydgiginsorvad tdii onrg aaf reedm
Similarly,attmg oédr i omass emi ssions means that there is no
to bioeReckgls et al ., 2021)
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gapHoweylé¢ | BUe&iTSecti ve does require trheep bButr3olp eJaunl yCo
2026 on how removals could be reported andiataeotunwteed
proposal to this( Eelh,d 2i0f2 3abppr opri at e

Secttorast e not covered by t he eEfchEdTrSrenggu & aacnogoearr gtdCChy t |
removendtULUCF r eBoulhatrieognul ati ons set nationally bindin

(underef ftodned r iren@u | @t iaonrd i ncrreenaosvea | rset( under the RABWLUCF
descr i Dedtdii.adMe2mb &rat es t hat overachieveol hmietxd ielblt UCF t
use that overachievement t owar éfsf drfae irenggu leaMihcatmeoars t ar ¢
these regulations do not provipdaytao sdacrheicetv ei nrceemmot vi avl e
underlying |l ogic is tMeatb&rhegswbaol dremcdarageh incent
|l e(dDlel beke andowéwer 20i2d)practice this approach has s

removals in thei hpflLe&@eEnsahioasgmpnt be Advi(Adwvy sBogr d
Boar d, 2024d 29 K®apsuo ettawd .warRwed)t hat the LULUCF
and even heading in thewwt trsg 2d@id3edmavedtlont aogn@tar edurt he
European Commi ssitohnmathasg@asegastsed t he measures includ
nati onal energy and woluilndatreotpllernsen( dNEEcCPs) o reverse t
decrease thesiokermygl la nerti rd wWiyt2R 08P &a&odmeaeed turn it
emi ssion soul&E€, akoedBdp0oBlter dimdtamd ct hese projections
ef f @rar rrenggul aatnidonLULUCF r egud atrfieosnulhhaevde imotstrong polic
removals at the national l evel

The Advisory Board has phatheoadbgnakbsofhisghbhght edr e
individual | and managers that pisiaesigmibéscans gapgd T |
pol i(cAdevsi sory BeopaddcA2@2p)p same time, subsidies and m
EU bioener gfyooadndpoadgrcii es have further skewed financi
remoyahbhsdi mhawvienacde etdpirvaicst i ces that drive | and emission:
peatl and drainage) or make |l ess efficient use of | anc
|l ess efficientandiicemadripwyi usese to provide greater ca
stor(apeel i cy inconsi stency)

Finally, as deetcathlbeitreirtnh enoe ear e a range of EU fundin

potentially contributemdwadashd sasi niclreent¢commoma@aagr i cul t
nature and biodi Hewshhéeyr eddteicaly veness in driving suc!l
(and in some cases even doubtful) due to | ow | evels

purposes competing for the same funds.

Vol untary markets currently only play a | imited role
credibility has been contested. Despite recent EU i1
mar kets on their own are unlilkguyred aclhieve removals
Vol untary carbon markets are platforms where individu
to reedmicesoonsegoeenhouse Driseen by environment al V
mar keting goal s, buyers purchase credits directly f
certification systems. However, vdhleohbahr xv améafokret s athe
s ma lalmeorutnhan compl i gdrSore trhareketad ., 2024)

I n the absence of stronger policies from governments,
main source of finance for the nascent removals sect
|l ess thaalllO&redi ts in voluntary carbon markets and
projentshe lan@recgict®rfrom O6novel d per manent removal
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bi ochar have been smaller Mte@@m 20Zhheyggowivhr wpsdl gr

by a f ewolfiighe deals with major corporate buyers, ano
numbsem otbhhuyer s anh@Imidtelal st al ., 2024)
Whil e voluntary carbon markets can be an i mportant s

integrity has often been undermined by governance anda
have highlighted that otf H eelna i cnreedd i ctIsi nfaaiel btened élt isv eru
accountoiMRgy, standards or po@©@$®mirtite ketmaalag.e medneed ;s tUBdTyi ,

founkdanly 16% of credits in voluntary markets achieve
l' i ke i mproved forest managEePremh st odtf dahliers,ge 2A@2s4u)easl mamp
greenwashing, allowing companies tountetribfay aeami 9i @ ms

while also deterringquwallyietrys (n@&miotvéad esk. hallg h a d2d0r2ed4s)s t h
concerns,r adel @RRCFar i bed | nChempt®leraiemhsaitio iemnhance the c
and demandqgudalri thy ghhemovals i nEwupbb pGoamnmiys smaornk eetxsp.e cTthse
attract additional private funding for removals thro
buyers who value these qualitypyuatht nistaktoesadd)Ot et onegece
t he egglnaiding ectthevedcti ve on corporate asmnudteagemlabtiilon yord
environmental, social,ahed gbmetowanaoroati ndie transpa
environment al cl aims made byrmbov @S, ORBhiI)mayt Isdo sné | a
boost demangudloirt ywirgghmoval s through voluntary carbon

Despite recent growth and new | egislation, voluntary
at the scale needed for the EU®msaycliinmathe sgo ardasr.k eRrsi w:
with estimates ElWRagnadgR @fetr CO¢E Ber ger et al ., 202 2; Ro

Hi ckey et, alnd, r2k2h)t growth has relied heavily on a
initiatives described above magahoodgthedemard hamd |l wi |
mo biisht any meantimeg frudq wicraddke -tbeanpermanehit ghemoval s |
DACCS, whose EWBOfsetr&®c e d&d ven the physicasl nasdafingnaop

removals to eatdemeét nE¥Udcl i mate objectives, volunt a
compl ement an integratedapmpubloi prpoliidey arsspemnseé ut e fc
The EU needs to put in place stronger policy incenti\

objectives after 2030 within reach.

Given the need to substantially scale up investments
current policy framework and the | i mi voeldunccaarmrbyon but i o
mar kets, the EU needs to put in place new and strengt!l
of removal options at the required scal e. Sever al opt

potenti al shortcomingsas sTdheBardtaiffGet diescrepedt and

4. Establ ifshamgwar k-négathee emissions afte
4.5.1 Need

To achi emweganetve emi ssions after 2050, t her oHW naenedd s t
required volmueneatadfveneetmi ssi ons, who wi |l be r-esponsi
negative emissions amdetodwvit his wil/ be

As descCihlapd ertnhe European Climate Lawhereagtdgatsi vieche L
emi ssions after 2050, which could increase the fairne
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help to avoidsaeal igniotbadnd ermpwerat ur e i Inicmieasld obwve yfoonrd t

intertemportaol rfeldeuxciebitlhiet ycost of meeting climate obj e
To achi-megamiexe emi ssions after 2050, the EU needs to
vol ume -mdganteitve emi ssions, who wi || be responsibl e f
instruments wil |l be psebr i hulpdm.ce Thes ei necleenmd nvti s ar e
straightf ornweagradt ifvoer teme tstsliieornrsol e o 1=&ae mdleiamatge ,neut r al
wherendend and incentives to deliver removals are inhe
Since 2050 is only 25 years away, thexEYEtmavsds heg cor
can have ifmgrdhreeati.bd@gms is because the required volur
negative aft eraf2f0e500esivnohlewneentofy removals avail able to
requigreds emedstctvioareasr further SHdesdptRreed dapaci ty o
possible instrumentegatiovgeemrasieometi s often deter mi
introduction: the | ater thesmalviogdriumesreaefianearve iemiscduwo
they could generate. This provides an additiadna&lr ar gt
2050 already in the near ter m.

Delivering and financing removal s t owar ds net negat

responsi btiHa trye apnanemibtitierts. of

One approach nges paosnssiigbni dnietgyat if o e @amitssions i s t o cor
responsibility that therefore needs to be primarily f
et (a20.2a4pgue,ftolmatt he most part-scalhe merav aflosr 4dfatregre 205
soci ertiisaodiilcur e to miti gvatte alpipmtheti mbhengment ,measur e
and t hemwefl omadi aillthyo viear nment s and odadiveet yd earta mdaafdis t o

t d akfei na)meeisgplonsi bil ity for overshoot mana-gemaht veéin
emi sstihornosugh pyhblic funds

Anot her approach would be to apply a concept t hat h a
commonly r ef@arrbdni(tbe babsar et al ., 202 lo;r @adgesmimtatnenr st é
i aBilyrngfelt .Btawing @024) rhiolrarwapnien ariapdaspsh medpt s
which are referrbeyd tthoe itné enti eshrdieddpersrgo n@®r wo W lhd i gn

an explicit reens parnesrisbitlo te/vetnot ually ¢l ean iunpt ot hteh ewa s
at mosphergundgxyi sting emittirsm ¢$omae@mdr miiutgrae .removal
This conc epetd ypodmen ttioa | ffidraalurkugeeamres ati ons, for whon
negative emissions coul Enbbherwgpespbhoigmiblstt taymeh a |
chall engewmwgrabhndesendp @maotpiosmdlIsi ¢g® this concept have
These range from proposals to create jfatniammceld ibnyv essatvi
|l evi es forcnmiaxest (eNKiR,t &2r02mdre compl ex financi al i nst

integrated as extensions to(B8Bedebrngteml ssiafo2pri tkeng
Lyngfelt eStpeali.fii c2®@2dL)posal s areSdeslc2zoon2dbed i n more det

Ext encend tt esponsabdl|l thg intertemptor@mdopofdludeds bbiel iusyed t

either increase ambition over time or | ower costs ove
I'n | i neowerndl It hientertemporal-nehgaxi biel enyesgtilioBsadté deky
conceppixt efednd drteessponsiabbel ibteyen adsi sscarsmseerdgot ent iiand pur po
rel ataogiGiHeE®mu d gleLte s s mann eats aill.l,uB2t0g2dd)e d i n

As cawmer arching term, the Advisory Board calls several rel a:
responsibility'". This also aims to distinguish this concep:

to describes mhesiontiradmGbiGomass hdiM e¢escthiend .2nd ad ombrOtLi2g r
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- The peaenfiell | ust raare e s e redmvdrteesrponsiobil di ber aucsleadant bat i ve
net GHG emf sehodsescr i biemc raesa sae waanyb ittoo on o vyfear ta me.
certain share of winmihshbddiGo s digledt i oic ¢ heextferedgdd peri od,

esponsi bil iFtoy itesmeeattdhetecsshecadk.es an explicitemiesspomsi bi

-

in the first periodby ométgatciowent embabkbaonese in the
described i nSencoriedné¢thai Il iiter ature t hadnarsaslelsys eals ¢ thm
that the emitt erf uaoouelsdo, bpaasty nfootr ftohre t he dGroivgeirmare nd mi
(or in the camaer bét anevgdlSdt obhppuce the emission budg
economy in tlaecfoirdson gpreervieondt a t e@gmmpacrsa reyainigs deroasaisr ee
that cumul ative net greenhouse. glats ceomnilsds i amlnsso alree d«
require emibtottérr § otrotmhaey r emi ssions in the near term
GH& in the atmosphere) ainsdsifoonrs raetmoav ilnagt etrh osstea geem

of the Advisory Board the potenti al di stributional
approach have not yet been assessed.

- The rmiagltl]l ust rareae s e hed dirteesrponsi bmak e yi t opob srseidbul cee

the overall cost of achieving a set hé&HtGe redmeildy ¢ er over
responsibility isoatthe&cled gt o a¢ miGddsGiehheal geé quiwheéed ht o
counter blay ametgdti ve emi ssions at a | ater srnatge. Uun
GH@ mi s srieonmasi n constl ante ronva@ rsehtihfetveed me (wiihler@aset i n
the GHG budget i,and hadehcertesats epeirni otdhe second) . Thi s
described dadadnicoptl do-ef éest i venetshshhe smaurnginmgal r edu
and removal costs in the first perinedadrnineehiegnhsrsi tom

the second peri osd daesc rreeamoey &okvsesrmathinmeelt had . al LA 2B en
described iof @ahgl ebant dyd polkedtld obnu,dogfentt whi ch case, al
woul dguior ébe counterbal a-megat wivth eimi s a6 resnusred nt hoartd enre
cumul ative GHG emi s s(iBoendsn arre neati nalc o n s2t0a2mta; Lyngf el t

Figure 14 lllustrative roles of net-negative emissions with an extended emitter responsibility

Extended emitter
responsibility for
emissions over original
GHG budget

Extended emitter
responsibility for
/ emissions within
original GHG budget

GHG Budget GHG Budget

Net negative emissions
generated by extended emitter
responsibility

Net negative emissions
generated by extended emitter

responsibility
(=) Gross emissions (+) Gross emissions
(-) Cumulative net GHG emissions (=) Cumulative net GHG emissions

Source: Advisory Board, based on concepts and descriptions in (Bednar et al., 2021; Lessmann et al., 2024; Lyngfelt et al., 2024)
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Given uncertainty about future removal cost s, ri sks
damages from climate changoefemfmprigitahi [tihtei ecsh ad ndd ngaens i
of intergenerati-oeglhtifaereemsssiaors should be primar:i
ambition of the EUds GHG budget over ti me.

Under iideal conditions, using intertemporal flexibildi
the same climate outcome at | ower soci al costs. This
makers have perfect | nffoutmarte orne dabootuito c uamrde nrte nmonwdal ¢ G
sensitivity and mgaldtumned ctlhiantat But ur e compliance with
commit ments i(sEdae ndherfteai nettyHawey el 0D24b) practice these
fulfilled.i AsSadketAaoll bed paBaf cupastponing reductions
of (uncertain) future removal capacities increases th
capacities deonadats mweetldr iaasl itri ggering climate tipping |
by c¢cl i matife tihng@a@HG budget is 6frontloadeddé to the fir,
future climate sensitivity and potenti al ti pping poi
required amountnegfatfueéureeni s&it on st hteo cdmiuselttserdbeal | aaynecde

mitigation action today. Ensuring future compliance
chall emgiemt ryisangx t anedneidirteesrponiolnil Idi tdef aul t on their

(e. g. due to I'imited firm |Iiabilities or bankruptcie

compati bl e widhbj echiel daelrsi méehtee Eur o pdparno valdientda ttehyaedaw he po
targets for 2030, 2040 (faoirtt hicommogée amal 2@ rmg et ane
Advi sor yprBeovarreddssmme nsd @tri @2 @98 0OGHG (bAuddvgiestor y Board, 20:

Therefore, optiaomst ¢ ediE difdespnemainidi hichyneevgeatnevte e mi ssi C

in the EU should be primarily considered with the ai
cumul ative GHG budget over ti me. This approach can b
and instrumBénets woultdesupport gl obal efforts to avoid

while increasing the fairness of tHhHeAdBUds rceyo mBtorairbdut i2d

4.5.2 Status and policy gaps
The current EU climate framework ins-anefyjati gptlyni addo
after 2050. Addressing this reprepeityis a paradigm shi

Whereas the&€lEumadpedraw requires thmegBhUitve @immstso oach iad
this objébhtenser aments to achi eve iotmohafvuer tthoe rd actoen sriedces
in the EU <climat,e ol eyt ferlmepwad@Oé&Eon halbdo-inent i oned
reasons, the EU needs to start clarifying its approac
paradigm shift for EU policises ne®Ppastsii\bé eemippsioacheasr &
i Thaptl@rnd ass Sscteldd ri In

4. ®ummaaofy EU policy gap assessment
Tabl®ummserssi the policy assessment carried out in this
current stattos ame dgapser, it uses the same typology

dowards EU climate neutrality: p(rlodgwiessosr,y pBdarcdy, g2apxs4s
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Table 10 Summary of the EU policy assessment of Chapter 4

St at us and inconsistenci

Sets bandéeng t ol

emi ssion reduct
205i0ncl udi ng maxLack of clear adamobetef :

contr i brudrtieamo vafl emi ssion reductions an:t

2030 of 225 Mtc Apolicy gap
Uncl ear distinction r e(
and tempor aAyorlemnygv ala

Eur opea
Cli mat e

Ambi ti on t eneagat
emi ssions after

EU ETS provides

incentives -€0S ac
EU Emi spoisnoturce instal No mechani sms or incent
TradingincentiremeMEursop current mar,kain ssttamuccetBIE!
System Commi ssion to r DACCASpolicy gap

possibil it yr enov

byO026.

Al l ows a Ii.khi.U@lR' sokr  c ons eogfu ernecveesr s al s

Effort eredits to Coun_removals not explwiclibdhb
Sharing . . i ssue i f thdusbUL WORese:
emi ssions under . . :

Regul at national, binding targ:¢

Sharing Regul at Apolicy gap

LULUCKIime&t currently go
direction from its 203
Ai mpl ementation gap
Excl udiUdiJCdf sector fro
pri epirnogvnfge w f i nanci al i
SetisnEbBwgi de and Managers to reduce emi:

LULUCF.natitomresgeotr net removAad sl i cy gap
regul at i
from the LULUCF gjgnals anfdr opm eostshuerre sp o
eneygsfgoroid) under mi ne i
i ncrease the LULUCF si
Apolicy inconsistenci e
Lack of cl-baeimyt @amg ¢ tos ¢
LULUCF psoet@ 2 pol icy gap
Seta @BWdarget ' poensot distinguish bet-w
L Lorry SR Cioahoey gan
:\li_gﬁgfryear by 2030, i
indi vidual obl i

producers to co
achieving thi.s
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and inconsistenci

Does not curaren Lack of <cl-mei mytfaonmrg s (
EuUbvi de fargad 3nur wi th assessment by Eur
requires Commi s:requi rRrO&®R8Bbywl|l i cy gap

and (if necessa

propbgak028.
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5 Maintaining fiscal sustainability and enhancing
distributional fairness

I Substantial investments are needed. Achieving net-zero and net-negative emissions will
require substantial, long-term investments in removals. In the meantime, fiscal sustainability
needs to be maintained, with increasingly constrained public budgets. The EUshould combine
public funds with leveraging private capital through innovative financing mechanisms and
applying the polluter pay s principle to ensure sustainable funding pathways for removals.

1 Current EU funding is inadequate. The EUGOs f und.iundgrtiemaltiannuahe
financial framework are not fully aligned with strategic climate priorities . Furthermore,
inadequate tracking of spendings on climate action hinders transparency. The EU should
enhance the alignment of funding mechanisms with climate objectives and improve resource-
tracking methodologies.

9 Distributional f airness should be a priority. The deployment and funding of removals risks
exacerbating socio-economic disparities if cost-effectivenessis prioriti sed without addressing
fairness. Policies should include compensatory measures, such as subsidies and rebates to
mitigate regressive impacts on vulnerable households and regions.

1 Equitable investments can build on EU principles. Core EU principlesand values, including
polluter pays and solidarity, provide a strong foundation for equitable removal investment
strategies. Policymakers should usethem to balance the benefits and trade-offs of removals
while striving for intergenerational equity within a just and inclusive transition.

5.1ntroducti on

Scaling up removals to address escalating climate ri
human health and Europe's economy wil/l reqguire subst
sustainability challenges.

Climate risks in Europe are alBy atdhye semgd iodfi ctahnet caenndt upr
result in hundreds of thousands of deaths frBOUR heat ws
1 trillion from &&dAt aBEoRMdbgudit hgaddonheonal mitigation
to peer ciampddlmessefmpPpproxi mately ZITh#w @mediuary) imy compari s
baseline without( Kot zmatte WidthlaogelGCHAEmi & si on reducti on:
prepamsfadoi olni miting temperature overshoot, fiscal pres
gr ow.

Removadmrs help mitigate thei mpiastitndg scoossltisngo ft hecelmi map ewi
substanti al,wi hk es sforeamh stelse | it er as wgg@e fithidmmg@oaharciboe s s
coudange Of-@lo&% of EU GDBbRBebtyd 2D.50sThael e of the echvest mel
at a time where pnolt e acsobwsgtlgymii snreddt lgeh t i mp o ri tdeema e fofi ng
stabledd mwgreareesn siunfgi scal sustainability

Fi scal s u s t atidheaabilitylof atpyblicb@ly te sustain its current spending, tax and other -
related policies in the long run without threatening its solvency or defaulting on some of its liabilities or
promised expenditures. This is also important from an intergenerational fairness perspective as an
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unsustainable fiscal position will burden future generations and constrain the ability of Governments to
issue new debt to ensure the smooth functioning of the economy and respond to unforeseen
circumstances. The scaleup removals will require significant levels of investment, necessary toaddress
global warming and mitigate the worst climate impacts, but this will need to be done while ensuring
fiscal sustainability and ensure intergenerational fairness.

Achieving and -2es baianmdngadrievte emi ssi onst eminh | f irreagnudirael
commi t ment s, combining private sector contributions
investments to address cost uncertainties and ensure

Reaching and -zesd aamd qaeined emi ssi-omresprorleiqwiromé t anelnd n g
and a stable financial foundation. Whiclvermpmewndt s upeot
wi || remain critf oparli vtaot elr cbwmewe rstgth encghr n slkogi es and attr
funding, particularly fGH®Iessngmatoser tmemnh®| ogukd. p
enablemigtteosatri bute to the $éandidm@ of removals (

I'n addition to operational cost s, scaling up removal
i nnov &thiapBR) e(r2iCOf r as tGhuacptQuerree ¢ osystem restoration and |
ChaptHheravmRIs y st Emap@)@he scfaunednaenfgdf or devel op-menatl i agd uj
removalfd eicdtdhce huyncertainties around financi al returns
| oWRLK&Ghap8 eépbpntgerm financi sgofatdaimewwsr khese technol ogi ce
suf ficiemthiflwndinnsguemmwa ltuhnees theededizermeta-négatti ve
emi ssions.

Addressing the distributionali $émpactbeadt ftomamgii tnigo r,
decisions on financing options for removal s affect

acceptability across society and between EU countries
Ensuring a just transition requires <careful consi der
removals are distributed across society. Financing op
and et hical questions almwt hwhwvo thheasres atrlee shagted . A
opportunities and risks associated with removals, suc
l and and environme stuasle i exti ecr nra |l shkts#, e spo/Isit letm odn sr upt i or
have significant di stributional i mplicat iChmsp8at h wi
Il mpl ement at i éirm uchhalalsermglenrs ni strative burden, skills ga
of ,COfrasfiradadt druet her complexity to achieving fairnes
emphsstihe need to systemati cal | y fcaldidwaetsesa pddi | sheriai sbsurt el so n

as doing spoliimpy oefefshadavti yemesBoard, 2024, 2023b)

5. Maintaiimicrmg fsustainability

5.2.1 Need

The EU's | imited fiscal capacity,-texmcehaht eldigreegs r end
the need for innovative financing solutions to meet <c
budget s.

The EU and its Member States face growing fis<cal pr es
19 pandemi c, the Russian invasion of Ukraine, and th
deficits and debt | evel sheacrsasrsaitates myc hladhigerhg eas es U all
ageing population and the esc@Advi sgr y mPBDeeasipdi,toe? Ot 2hBe)snea
pressures, significant addi tional i nvestments are ne
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decarboni sing ener gy and transport systems, foster.|
househol ds duriMmMAdwihsornty aBisdrtd,on2024)

While dthendEbnudget is expected to contheée bbtg@gad®dd hes
approximately P&« od@diEWmMIGDsP i ts capacity to address a
(EurosdatTHeabdEA)e rbrodget rel i @sntmai mu tyMeomse rf Dttt iec h

account for over 70% t of roendns utrrioemtiseen ucesr, r eanntdidye s pi met & d e
European Cosmmpseposal t (oE We, x p286n2dd ct)hnegm new f i rad n EiUa l re

|l efalces significant hurdles, including unanimity requ
space in many Membrirl ISteatets al ., 202 4T h eE f Bet cad vhe royu  am
Resiliengro¥viadediay i nstrument to raise finance at th
investment in climate mitigation and adaptation, but
Acoordinated EU approach |l everaging private investm

principle offers a sustainable pathway to fund remova

ThEU has a | imited fiscal capacihg aembieompdwmeddgett o it s
of the 27 Member States am6DBRiuttwe irngdna rnigd Ed i dbfu digheet E
(Eurostaldowewmeart a) nal pubali saceseatmendabil ity chall en

constraints and the risk ofWKRagxmeé24; ngondedassitngt e alm
funding for cldimatl e dmintgi Pote iecveernd walld yme from private
which can be modn |-E8e®rdditratbead,m lagpmpg oach to both publ
i nvest(neB,s. 202 4)

A keyi dpmignt¢ioplfeend removals could be the polllawer pay
(Aritc1®2 of the Treaty on the Fu,antdicdmiemhgmoonfg itohtel dEeaisr,o p ¢
Eur op €ainmaatwe E U, 2t0Zeldou) s temii sad idiomec(tBE U, e ,2 B Wals)tffrea me wo r k

di r ec(tBC,e 2r0d &htveé r o n hearbtidd i ¢ ¢t 1 va generagplp!| gdnmetgepxotl,l ut er
pays principle means that polluters bear the costs of
to prevent, control and remedy pollUECAnN. 20WRlt t ihre tclhe
context of the diffefemntriemowlad Ber@étoiGshir appd iy dnetg,

pol l uter pays principle i mpgGlHGmi ttthearts tthe @day tfrarmetnh e ir
compensate for the costs these emissions impose o0on S
of removals to cawerstidrumdl. detme es ofipeanisart | d ha loiugéd t ool s |
carbon taanetfradecaphemes, sSuucchh aasn tahpep rEcUarcEnimdwwall 1 al |
bea ewadd rectly or riemdducaiercg Ityhevhbhdredeh G&GBGpubkeirese pPphywah:
their emissions, the revenues of these payments can b
public procAHGemént er $f counterbal ance their emi ssi ons
provided directeliyaeoni dbkdi tthoes tresnoift t er depl oys removal s
pay meintttse (emi tter remunerates a provider of removal s)

5.2.2 Status and policy gaps
Direct EU fundi hgs f bneienniesnad vilaasrs f f i ci ent alBWs meomng of t
term budgcelti maitteh pri orities and inadequate tracking m
and effectiveness.

Direct public funding for removals from the EU budget
the 2®2@ul ti annuaflr amenviadniekl @i r rleontger m bucgeéetcate el igi
funding for temporary and Peaeblds ndrmte sree mewaluss b(esshseavdre io
across multiple policy goals, with |limitedCuWrat@anton t
pot enunidaisnogi rcceers be categorised into three main groups
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T CAPAs shoWhngumeel AAp,pr ox i maBédiyl loBvUeB0R2 0 2sxQu pport s
interventiemyi renmertd and cd d-sntaht eeme s n ed gurdin mg n t
climate cofhhmEL)@anrtms npg oit ect ednadroetahsel i nraetleev ant

i nvest e nths n theseupcaE®@Bor5i0esbveld i -@D28Bupport s
intervehttonse relevant to removal s, including in
soi |l s andanbdi osmapsport for forestry or sustainabl e
not ed t hoaft tnhaensye i nterventions support multiple po
cases, removals may onl gbpecFauirstehcepsnatoaereya | o ra sisnedsi srneec
warn that tlkéi mmpactndfreenvaitvenddinerger t beulCAPDbe

| i midiueed t 0 its focus on agdgmieculot umalufgr a@dwatti vVintcye

scale carbon(&€dquedtbat E€Cn, 2024, TPOR4d;i Psberiste
further i7n Chapter
N a

i ture and biodi.Peogi appmédaanduolg as EU LI FE and r
policies contribute to ecosystem restoration pr oj
temporary removal s. However, i mpl ement ation chal/l
theirvehfdetrimoso et al ., P@kzz2zinnECAAapRedls3)

T Funding for per manent removals and .Sabbbdbdi enemnfge
permanent removals are primarily available throug
ETS revenues, with additReacaaVercynandbResdih&eskc e ml
funding streams are f WBrther explored in Chapter

Figure 15 Disaggregation of cumulative funding inthe EUG6s common aghbyicultur
funding stream , 2023-2029
Pillar

Il. European
Agricultural Fund

for Rural

|. European Agricultural Guarantee Fund
Development

Farming in  Investments
Relevant to environment & climate protected areas (climate-related)

by

EUR 85 billion
33% of total

Direct Income Supports Other Eco-schemes AECC Other

Relevant to removals

EUR 50 billion
20% of total

EURO EUR 50 EUR 100 EUR 150 EUR 200 EUR 250 EUR 300

EUR billion

Source: Advisory Board analysis based on data from DG AGRI(2024)

Note: Removatrelevant interventions identified by relevantd r e s u | t , Bsindicatecin data submitted by member states
under their national strategic plans. Relevant indicators for removals included R.14 ¢arbon storage in soils and biomass), R.17
(afforested Land), R.18 (investment support to the forestry sector), R.19 improving and protecting soils), and R.30 (supporting
sustainable forest management). Climate-relevant investments identified by those under specific objective 4 (climate mitigation).
As CAP interventions are often mapped under multiple result indicators, removals may only be one of many objectives targeted
by a particular intervention.
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Despite these efforts, thecatitmittai afomaaflammé sbaekc es un
not fully align with the EU®86s strategi c2CX7immavtoe Kpri or
s allocated to cohesion and CAP policies, |l eaving cr
Draghi , 2024; Adyvambiyi o dgdg)h20ne) e, flaws in the
racki ngredlaitneadt espending hi hteff ¢éctains@@amenicyoimamng of
emoVaAldyi sory Baanbdti 202 4lap)

— o~ -

Table 11 Existing EU funding instruments available to potentially support temporary and
permanent removals , excluding the common agricultural policy

Tvpe of Funding
Programme Period VR (EUR,
removals "
million)
European Regional 202%2027  Temporary RSO2.7 Nature protection and 5,800
Development Fund biodiversity
Cohesion Fund 20212027  Temporary RS02.7 Nature protection and 1,600
biodiversity

European Maritime 20212027  Temporary  MSOL.6 Protection and restoration of 370
Fisheries and biodiversity
Aquaculture Fund

EU LIFE 20162020 Temporary  Funding for various projects involving 1,414
Programme forests, wetlandsagroecosystems etc.
2020-2020 Permanent Funding for carbon capture and 15
storage

Innovation Fund 20212024 Permanent  Funding awarded to CCS and carbon 3,291
management projects up to 2024

Recovery and 20212026  Permanent Funding allocated for CCS and 4,845
Resilience Facility carbon management measures
20212026  Temporary  Funding allocated for various 2,920
ecosystem and biodiversity measures
Connecting Europe 20212023  Permanent Fundingawarded for carbon capture 572
Facility and storage infrastructure
Horizon Europe 20212024  Temporary Hori zon Eur ope mi 423

for Europebo

20212024 Permanent  Horizon Europe Cluster 5 on climate, 1,00
energy and mobility

Temporary 13,187

Permanent 9,763

Source: Advisory Board

Note: Funding amounts presented here are indicative, based on a highlevel assessment of instrument budgets and project
portfolios. Figures reflect the total funding made available for programmes or themes that could potentially support removals.
While some of this funding may directly or indirectly benefit removals, it is likely that removals only accounted for a small share
of the funding. Where possible specific funding calls that are relevant for removals have been identified but in some cases broader
categories have been used, where only a subset of the funding volumes are relevant for removals.

The EU | atksmloeagul atory <clarity, targeted funding
admi ni strative processcsabetoemappbst | arge



Whereas the EU climate policy framework sets out the
neutrality, key gaps in -tbkemrfgrudnmdawaoaryk vumnsderinmiine lamndg
support investments in climate mitigation measures. T
be managed when its emi JsAidoni soa po reBBpdpdrredarcd)emse zteirwe con
of reductions andhkemovahgdar@&@edtsdogB on the differei
of temporary and perSmaniéod mreacdowvwal $ hes ée ameaevpatki ve@ ma
emi ssions satterddgb50 (

Further mor e, there is a lack of s Befcftiidco)me ot | desi cahe
funding instruments to stimulate financially viable
Hori zon Europe and the Innovation Fund, provide some
focus broadly on vdiencga rrbeoemdi isealit s eornf, u i dcead ( Chapter 8) . T
DACCS and biochar remain in early development stages,
medi-tmrm returns. Targeted policy mixes are needed to
mechani $§mr-steage ydevehoipmlent educt iChm psSteamal) Rlgi egv € r
fosteri mg ipwhdlei cpartnerships could | everage both expe
(Advisory Board, 2024, Dol phin et al ., 2023)

Admi ni strati ve bianrvre setrns€ onrgpyl elxi mpdeerrmi t ti ng processes a
to-IE&Jvel funding driessvohaytli ang ¢ itmeeptarti ci pati on -of smal

ups in cl i mat(eDrtaegchhin,o N2ad 4)at i ng extensive document at
eligibility criteria, and engadiengi wnah modt EpIl Eevedu
projerct ebveecnome prohi bi.t iAsse aalrteokgaett ghheiontthee rEY udii ki cti o
theniUSxdtaensd China i n adv-arcadQGrge ncoovnmenietricabtmiviens et al ., 2
Simplifying permitting processes, reducing -hdwméehi str
funding are critical to acceleratingn preaprveadss and att
The Recovery and Resilience Facility expanded .EU i nve
Theommon debt approach andcame wsedspnairrespuwhblicies i nvestr

manage upcoming debt repayments.

The EUR 648 billion (in 2022 prices) Recovery and Re
COViIlI® pandemic, significantly expanded the EU&s abili
objectE@,es20PBbdPr to its entry into force, the Europe
finance outside the regular Redgettaryy ahdaRewot k endewé
expire at the end of 2026, with no current plans for

The Advisory Board has recommended that the EU consi ¢

enhance investor certainty and bodAtdvpsblriyc Bdavedst rAd
similar recommendati on was mad e by Mar i o Draghi in
compet i t(iDwreangehsi.grd ®?i0t2idgnal |l y, the repayment of Next Gene
the Recovery and Resilience Facility, begins in 2028.

these repayment s, the EU bud(gkrta gchoiudNtd2 fadedecrnat i, gmé f h o a
pl ans for estendbngméemturi ng alternative mechani sms t

(policy gap).

The inconsistent application of the pollutepolpiagy pri
adj ust mewnmnlsofcukm ch g rfeomoval s while balancing distributi
acceptability.
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Whereas the extension of the EU ETSthe bpipldicags oand
poll uter payas nparjiorEclitpAdHeG fteomi ssi on-pri thegEU@egi GEIGst il |
gaps as the agricul tural and LULUCF sewitdBeH@ rarce ngur r e
syst(eAardvi sory BoaFud,t h202ndY) e, t he Eurhgkiagnh| Gaoghrtte do ft h

i nconsi stent i mpl ementation of the polluter pays ©pr
including air, WGEEA, . 26Rt)Y haed waséeerdi ng tprei csicnogpe o
regiwoeul d eadidstiremehues to fund climate objectives

strengthening the enforcement of the polluter pays p
increase public revenues overabbg¢ciawhipbl mtcght naésoe bt
affectEa&Jdsbyl i mate policy measures.

Asexpl aiinnemdor e PdetodCIt hiirs r ep o rGH@ mirtotpeorssaltso foaontri but e
removals through carbon taxes or targeted I|(eWKR,s are
2024; LyngfebDtféeraht, waga4pf | everagcogsEUeE&8 al even
up remoRiadlsel s €ti mill.arl ¥y0@riE)hdcpsoposal s GHGr i atngduc
instruments fdrootdheseEtl®s d@wvie al so highlighted the j
towards subsi di sisregt teenop@rarnyo,mjbcasm i2sOh2 3C1 i mat e Counci |

These EUf ETeSY erfuescosmpet i ng pri arhietUi €sT.S Mast i @i ng reve

back to Member States, who are required to allocate i
The EU ET®Sa&Il dsiMewenbteir vsé&Sb atiee t he r ebvoetnhu etse rapoarfguaydmane nt
remosvaHowever, reportrievgnaesiiewt ¢the hh@ s p bcaoennsiicdeer e d

i nadequate, and nott aWwhcldiematnal ea d¢ tsi (@ cr @lcot geirde An 2R )
of EU ETS revenues f | owt hMo d érrenil matoivar i ouinn d,u nwdh iacmhld al ¢
and industrial( Bk aarbd NAGER,i o0 2 3)

5. Enhancii saiggr idbuti onal fairness
5.3.1 Need
There is a need to recognise the potential @@®sitive

remowmeal hods

Distributional fairness and fiscal sustainability ar
financi al foundation to ensure consistent support f c
mai nstream the role of ractmocvaan sa dadsr easns idnissttrruinbeuntti otnha |
met hedgs her contribute to | owering carbon prices or f
objectitvheesy can produce a positive distribuhigé i mpa

carbon prices ainmdp saetvee rtey pcilciana tye r(elghPrGC $R2iddvle3gmgte ralat ur e
202Bardazzi and .Pazienza 2024)

Pot entiisatlri duti onaheedhbttd eackenso wl edgre@er nmaasnent removal
met hordissk concentratingh@&enkfhys wmbhg temporary ren
governance and sustainability challenges.

Someermanent removal met hods, wsiuclh naoss eBIRIG kSs | agnodn c2AG G ¢

contr ol and benefits amcrpiltal gsedpemat ¢i ®somduwello t
and technical exp(eBrtaicske arnedg ukiirnegme2ddt2sl JTchaigsogmhet at i on r i
exacerbategoglities, as wealthier Member States or es/
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to capitalise on innovations and patents related to t

hosting such facilities may see | imited benefits, a
environment al advant ages rmamall inaiye sb etalra tt hoef tleonc ad o neexst e
BECCS pl ant s, for i nsbhomass rieqriathe ,cywehrd teh stiriaadilec h a s

competition for | and or watadrt eérbegscoaur cpeodp, o lidmissi @ritnospdr t i @
(seGhapBer

I n contrast, temporary removals, asciwebhbk asfoeoomstaper
removals, suahe acf bhémchiaewed as more accessible and s
wi t h their own di stributi ecmal paolalildenglkersaadRef olrersd fa
biodiversity conser vareeoan, vea@awsy sasteepnp ogdr Viiocresl,oc al [
Chapte,yr but the distribution of such benefits is condi

of fers potenti al economic ogipwe it siimicgaimegs faonrd rcurealt i &
business avenudeoswetverf ar merds g0lvE@€&dmmnwael sf ocan | ead to
marginalising rural communities that tOUempodaoyn t é&dmeea

may be-efcfosdt i vhee airn,ttetilmey r etgaii mec d mmigt ment s f or mo n i
management .

Consi darisngi buti onal fairness i n policies that supp
exacerbating inequalities, maintain social cohesion a
There i saadmeedsitder distr,abustcaehahgfaprnemevals can
affect certain soci(alPCdgr owmsdehdcdldu dree gviuolnnse r aeb. lge hduse
removals are incentivised through carbonBe#iaaidng, t h
regions dependewittlnl i mdusesdr mes. i gWittihoonutalenesrunraitngv edsi s
f ai rotenses equi table sharing of coétshes eanpgolbiecnieds trsi sakc re
existing inequalities or creating new ones.

The choice of instruments to manage, incentivise and
i mpact s, particul arl ynon htospertolfds. dResgsearbauh i onal e f

isurrémmli@readt udy fr on®Oweme eUK dlo.c,us2 M2 ad)n i ncenti ve me
BECCS ands uDGACECSSE ikt dat i but itomead e i impatcmismeot st canunder |
tax or fi nanTchienigr snorduecltluirneg. ruensdu Intgs rsewpgeedts tthhatoufgh ¢
or targeted emitter obligations could have regressive
| owemcome households disproportionately affected thro
f ooGQonversely, t heryd isrug greestho téhlag tfhr baght bentpo ekt B & B |
morper ogr eassss wmi, ntghutntdeetr tk pxngtirsicalus e patichhgruegshs isvoeme pas ¢
through of costs may be desirabl e to (eOwseunr eetpoalll.ut e2r0
Andreoni ehi ghl i gRtORgthlei ciiesk to incentivise removals
profiors pcompari es, &khacédrlauédeconomic inequalities i
predominantly benedni tt hrei cohtehre rc ohuanntdr,i erse mowvwrd Itd graa y nal s
adverse distriobfutciaornbaolinnipmpidcaitnsgy, upa&dt it oulcamuiny eirfoal anc
emi ssioastfvomi @e® or | imited amthagsad i wmo ah deetniaw e lvye sh
mar giamalt e me ntto cfowltlsy redEde ndmif ®esi @ensal ., 2024b; Sul't

These findings highlight the complexity of Dbalaanndci ng

thdesign of removal i ncentives and redistributive n
perceptions, whi ch can act as an obstacle even whei
accept(®dD®owuenne and Fabre, 2022; Carattini et al., 201¢
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To mitigate theseshadwlklbacpiovelcymaéensi fy and address

and soci alCQrmpeoowtad @fol i ci es. Targeted measures to sup
which take into accoant ekfspubliat per teptieonng soci al
success of the EUG6s climate transition.

Box 4 Addressing distributional impacts in carbon pricing

Carbon pricing can disp+fiapomtei dimaitselhy | afsf, e anta
rebates and targeted subsidies essenti al for
carbon economy.

Carbon ©pricing, whil e consistent with the p
di sproportionatelncomef chotuisredhol dwer dependi ng
Feindt et TMicicsur30bd®:ause carbon priciofg emeatl
goods, which comprise a | arger share of exr
households typically generate mor e emicsosrmieonfs
spend a greater proporti o-innnosdéi vieheeisrseinh ¢ ams
transpo(rGoautgihoon BOdlepxampl e, ri sing fuel or e
strain household budget s, especially as the
efficient technologies or adopt cleaner alte
Mitigating these regressive effect scarsbocnr ied
Measur es such as (target ed) i ncome support
adjustments can help all evi atdes ,t hnea kbi unrgd ecna robn

equitabl e andwsenciedl lay .j,ut022b)
Source: Advisory Board
EU values and principles, such as solidarity and pol |

strategi es, gui ding policegimagkebst waf fbeadt taisnvce megs st raandde
fairness t hr ehuagshe de va ndde ntcreansparent approaches.

The dEQundapt 0navgll ees , e mmb eEdW etdr e at i(eAsdvarmsdbriyaBoar d,
provide a strong framework for adidmelssdegthlé sprebatt

principle, the polluter pays principle, the 6do no h
6energy efficiency firstdl ndrHindioml,e tdfe tprea nEnet gy 0O
subsidiarity and better | awmaki ng, along with the EU

the fair sharing of Wdéeat pefomtthehanhgebt&udelrstalne Uni or
2; Eurofoundrh2821)v al ueosu nafafteon f or developing futur
removal s.

These pri nalirpd eedsy hiarvfeor med t he Advisory Boardds r ecomil
target and can guide the design of removal strategies
objecHowegser, developing a polriecny Harltaamelwo r reeblaieregd swall u
decisions that <can reveal -dfefnesdtoinwse n essusc hiviaBs@ hsad 2adn2c?i f njp
Addressing -bhése regadeeces sscaeadi fpiod,i cevimh&kn g and
communication to build pupEUc 20084&a; aAdviessuyeBbdaridne
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Removabsti magnseed to address intergeneratiade@ui t ys,oci e

balancing responsibilities, mi ti gat i ncgc ersesg itoon arl e sda usrpc
and infrastructure.
Addressing potenti al regional di sparities in removal

of equity and fairness.

T Intergeneratiisnadr idgdgwiatly, as todayds emissions i
removaalds cl i mate change i mpachavioams,f uh@in@xigrger at i
adaptation mamea expPpEmsiugri nci ple can incentivise s
action, hterl gpafemesi gnd enhance public participation
bal anesesponsibility for past emissions, guided by
to payd approach, which assumes thatspweatapi ea »Me
better positionlked deplfoiymsemute(@abréa d and Schnei der,
Kwasi borska et al., 2023; Koponen et al., 2024)

T Sociesttidati o mparcyt shet ween removal met hods, ref | i
benefits and burvdenrxs earFealrs hianrddidgs@ckcad ,e Ir emoval s | i ke
coudleduce | and availability for food producti on,
experveans tsat ttae ger proportion offf otithnec ocnoen shuonupsteihoon dc
i ncr eafsoeopdr i ces can dispropemeli enladileld smagf fad sto | e ac
reduced f oodChseepcf)erri ty (see

T Geographic dousvdldsa tdamesegms i af access t ochambeale me
i n i mpl etnheenminidn gt he r i sks aFnod ocepxproerptbuenyi tSiteast.es f ar
of fshore geol ogi dalce stchhiradde ndeds i n accessing tor
i nfrastsregca p®©)ei gh energy and water dmenamedgy of som
di sproportionately strain regiongJalmrcsevady edx padr.i, €
Therealmhg di sparithew thimatmsi mpact s, awhfieccht cMeurbde
reverse .removals

Addressing these di mensions of equity requires carefu
mitigate impacts on vulnerable communities and ensur e

5.3.2 Status and policy gaps

The | ack of systematic measurement of distributional
in EU climate policies-inndéi gpghheghsooniget ale bhepd for g
and meaningful engagement to ermsuUulieemaealsiscy | egitimacy

The Eurbeperamgul ato b b h(oxC, 2p0r203vdi)des policymakers with g

practices for conducting i mpact assessments, includin
effects of propesnedlath sl é guiese o nt hat new regul ations
assessment s t o anal yse potenti al di sproportionate (
di sparities, and ECheQo8md nEgaulabox yserves as a critica
i mpacts are systematically evaluated and aeédcdarrebsosned, p
economy.

Despithbetttltegul atbiod b o x providing guiddathcebuwtni ommsad e sasn ch
socioeconomic i mpacts, EU climate policies(Advienodyck
Board, (2md4ement at vBEdemaeo ) f rom recent studies highl
inconsistent evaluation of the sDhki &t alceainsnipegelrtm nef E
the successful adoption and i mpl ementiant iroend wcfe s op & rcd eei
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|l egit{MmMaeciysory Bodhere2@24) al so risks thattpandeuntery
(sehapBewhi ch mi ghdovreatecdbnemon data collection indica
unaddressed.

Publpiacticipatciliomate policy planning, such as the de
insufficient in mashyr iMeenb e e XSBlcali @edi min ed opportuniti
consultation hinder citizens' ability to understand
Transparent di al ogue and meani ngfulremabhbc uadgageme
particularly in-sthagenowvwdblesbmgégemehty through delibera

and reflectiveness is essential to assess the feasibi
(Kotz et. al. 2024)

Addressing these gaps in measurement and public invo
policy | egitimacy, and enhancing the effectiveness of

Compensatasyrdsi ke the EUG6s @oei &zlr uCliiathat® Mund,gati ng
i mpacts of carbon pricing, fostering public support a

To mitigate the regressive Iimpacts of carb-omcpmieci ng,
households and enshiagre iandagrtced athsh si-efnEscfent eapplbya
home insulation, and public transport c ani nfcuormeh e r r
househol ds, hel ping them adapt to-tprimce aAv hcaogngneosn an d
approach is to use revenue from carbon taxes or ETS
The Soci aFdunGll iandadtreesses these regressive i mpacts by u
ETS, which includes emissions ffuodtrmreadtthreaarss gorvte r arad
requiring Member siBdialdienspltttem spr epamaé | i ng planned measul
to alleviate energy povertthidECPB avh & c dd \aehmseor cgoympp oevireerntty
(Stojil ovska KaweMver,, 2r0l2i)ance on EU revenues alone
underscoring the need for a(dAddwiisoorayl H o sheadnti.2afh2 4c)ont r i

The Just Transition Fund provides supparbontiangebnhsdyve

with the most people working inetosemlcfumpacttofhehp
Thend i s intendtehde teoc osnuopnpiocr tdi ver si fircegiinmonsstarmd freed @y
by the transition. This type of supptgotswmludelmopvraolvsi d
whil eadddrseossi-agomsomii®@ | mpacts of Qnrhee ncotianbaltee etxraanmpsliet i
Transition Fund investments i($arnepkaktivwdimdd.hp XO0VRMd atneg
sustainable jobs in environment al conservation and |
historically dependent on peat extraction.

The instruments were not intended to address the poc

removh&tere,i $ harleack of compensatory measures to mit|
of potlo csweml ree mopraall isc.y gap)
5. Hummary of EU policy gap assessment

TablZ®el ow ssemmdtie policy assessment carried out in t1l
of the currentFort atthues laantdt ggra,psi.t uses the same typol oc¢
dowards EU climate neutrality: p(rlodgwiessosr,y pBdarcdy, g2apxs4s
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Table 12 Summary of the EU policy assessment of Chapter 5

Policy Status and inconsistenci

Th f it i o
Recover e' act Piy s Faci | satfyt eern d2 theG e ame ¢
EU invest ment c.

and : plans for iextiemdt mygme tt
. cli mate and peod . )
resi |l alternative mechani sms

. . part of post pa . .
faC|||teff.orts invest memnempodleircy gap

Mul tianThe framework a Insufficient targemong]l
financi for various EU and flaws in tracking 1

framewocli mate .objecti transparency aMdmbffeot

Lack of systematic mea

i mpacts and insufficie
climate policies wuinder:
Ot her Ai mplementation gap

Lack of future compens:
the potentially regres
scalpe remhpal scy gap
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6 Ensuring the quality of removals

1T TheEU®s c er tregdlation dCRCB)amsto close policy gaps. The LULUCF regulation
supports inventory-level accounting of removals but lacks the granularity to quantify specific
removal activities. The upcoming certification methodologies are expected to fill this gap and
underpin the integration of removals within the EUS sorporate compliance schemes and
carbon markets.

1 Determining the additional GHG effect is key . Determining the net carbon benefit of a
certified removal activity requires distinguishing its impact on all GHG compared to a baseline.
Net benefit is a mark of additionality that helps with effective funding allocation. The EU should
ensure robust additionality tests through the certification methodologies. This calls for timely
updates to the baselines, and adequate monitoring length and verification frequency, which
may be challenging for temporary removals.

1 The storage duration should be reflected. Certification of removals should reflect storage
duration and reversal risks. The CRCF regulation differentiates between permanent and
temporary removals but conflates emission reduction and removals under the @arbon farming
definition, obscuri ng theeEnpdosr acrlyi niaetneo vnailtsidg ar

1 The CRCFmethodologies should include measurable sustainability indicators . Certified
removal activities need to advance broader sustainability goals, but the CRCF regulation
includes undefined and mostly optional sustainability safeguards. The CRCF methodologies
should include measurable sustainability indicators that encourage community benefits, as well
as require and document safeguards to uphold the @lo no significant harmprinciple, including
binding climate adaptation benefits.

1 Reliable data and methods are a necessity. Monitoring, reporting and verification systems
must provide transparent and reliable data, science-led methodologies, and credible
verification. To overcome current challenges with the collection and use of land monitoring
data, the EU should deploy advanced remote sensing and digital tools and adopt an ambitious
Forest Monitoring and Law and Soil Monitoring and Resilience Law. It should ensure regular
updates of the certification methodologies, establish independent market oversight and
safeguard the integrity of removals certification.

i Certification and national inventories can complement each other . CRCFregulation and
national GHG inventories operate on separate MRV paths and have different purposes.
Insufficiently transparent and harmonised accounting and reporting of removals in public and
private commitments risks lowering climate policy ambition. The EU should address
complementarity between activity -level and inventory-level GHG data to boost both the
accuracy of GHG inventoriesand the clarity of removalsdrole in national obligations and climate
pledges, includingthe EUb s nati onally det.er mined contri|

1 Netzero isrequired domestically. Any upcoming revision of the CRCF regulation should not
jeopardise the E U &cammitment to achieve net zero through balancing of its domestic
emissions and removals or the Paris Agreement ambition for Article 6 to uphold the overall
mitigation of global emissions.
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6.1 ntroducti on

The qualrietmpvia$ sassessed through t he.Bessemabhlailngstdcgts
transparency, risk management, and accountability, MR
trust in EU climate policies.

As expl &haed, eemoval meedodsstmeett st andagrudasntiirf i tadn ms t
additionatot gge adadmrdadedombriéegnbfue etto velliymate goal s, part.i

conttelkxai ms to establish equival encde.btealwenmings monal!l s
withiGHGaudgetading within)ochafrPUEf Rad&ievieh ®E h ed NrHiHsKk s
opportunitie€hdp3erriehnmd e@idmd estt rsitcatndar ds in terms of s

and environmeandlenquregrtihgt they dorhnskhadcr enatgdrtor auac
harm to ecosystenisheordicfofmntuunlittyi etso as s e srse meorvda | ¢ ocnhpaa ries
framdiver semet Apgbac actdin@dn act eatses a ri sktowaadfincienit év e
that cannot be relied upond @lsZefifneiHtTiTvea BINDISNItSonl &d

Certification refers broadly to the sgptemsodebmrt pr oce
environmeaitmilmantdhi s oamt ebxet used to establish whether
t hesequkaelyi t y stiafn dtalred sr eignoav.ratl isf iaarbel e, v ernidfuisa bali en,a bd ckd i
(Smith etThduagqaof2edinoval saatsiseistsieelst hrough three equc
measuring, reportingEsatnadb | v esrhii fnygi nrgo bUMRY9y et teimfsi cat i o
foundati onal measur e -uipn rEUrosv ad fsf ocarntds wi dc lasr co@shnekkesyt t o &
trust and getting a social (I3nietnhs ee td@maclo.e,r a2ghhadgB d uk ¢ h e
Certification and MRV systems also form the basis of

as fueltdaleor et e”daManiG.ori ng, rveeproir ftii cnagtsiseamtda e t o (i)
information gaps and asymmetries between public and
opportunities G@hfaprt@enmmo vaanlds t(os e(e i i) informing policies
Moni toring, reporting, and verificati onpuunpddesrépsC@s GHC
2005)most commod leyw:e | n &tHiGo i anlv elne voeli ecse r tpirfoijecaadttd voenl, and
performance assessment. The three steps of the MRV ca

T Monitoirs ngbewmit oycioddlelct i ng data a@amudnitmnff gr matpiacn st lodt

removal activity, in terms of emissions and removal
di mensions.
T Reportmkerargs compiling these data and information in
available to the target wusers.
T Verificansionts of independent checking of the repor
whet her they reflect reality.
Moni toring, reportividgeemnaivest feameéd onnhal i mate pol |
Agreement putting it at theSheghtetof &hbarN®E6)beer ohi
of MRV of removals is therefore key not only to the
climate change mitigation at a gl obal l evel . A |ist

removals isTablkd3ehowd in
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Table 13 Selected EU policies requiring MRV of GHG emissions* and removals

Cli mate po Law Pur pose
European Climate Law
Governance i
Governance regulation NatiGHGI
inventories/
land LULUCF regul ation achievement

Agricul tureEffort Sharing Regul ati

IndustremercEY ETS directive

bwil 1@l I8%5: ces dlrecil ve Act Hveivteyl ob

*accounting

Ener gy REDI I /111 emi ssions, r

_ . _ not yet cove
Transport Fuel Quality Directive

INndustry Fgases Regul ati on

Green Claims Directive

not yet adopted
Corporate Co mp alneyv e |

sustainabilCorporate Sustainabilitperformance
Sustainabl e FiReagrudeatTaor

Al | CRCF regul ation Act Hveivieyl ce

Source: Advisory Board

Beyond the LULUEB, r 220nid8 & }hieo CRCFE ElUe g @0 &tsigednre lealwt h e
ELIET8 rective and its associ &t brdo niinipolreinenggo raitendgud raetgiuol na t i
(EC, 2md &kce edi t avei ohiragdl ahECon &01t8)out protocols for
and reportisg tmer @jm stsioms, includi nghe hEUrET®8doaacmploine
cycle is compl ement gEUry 200MehbQiCtSs dMR\¥ cmea tvleod ol ogi es f
and storage activitgresvi dlehse aCCfSr admerweocrtki vfeor the sele
geol ogical storage sites and for the identification a
the transport &fdestCamdpnger 09) . COThe RED I 1 /111 and th
emi ssions cal cul & EICon 2afh&tolg pidnocd lougdye princi ples and rul
a s s e srseimogV &ICs 2102 3gpddh e i @mmgoitng | egi sl ative devel opmel
the Forest MOEICt o@din@@Lt hawSoil MBEG) taDEBgmhawt ant bui
bl ocks for the quantiSddtciagdh on of removals (see

The EU's MRV framework for removimsldesugded tbeelRCFer

removal activities meet quality criteria related to ¢
and sustaTmebimnt eéyli nkages between the CRCF rules and
dynamic information | oops between the policies and fo

TheU devel ops MRV of removal acwWhvieiebheuG@REF f hamERGCH

applies to voluntary initiatives, it is increasingly
Green Cl ai niseCDi r2e0e8vaebll 8aob ovieo) .be el i gi bl e for certif
activity is required to fulfil four quality criteria
term storage andFbsgtbeilmabi.l ity (see
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Figure 16 QU.A.L.ITY criteria of the EU's carbon removals and carbon farming certification

framework
= D @ <0
v //y

QUantification Additionality Long-term storage SustainabilITY
Carbon removal Carbon removal Cerficates clearly Carbon removal
activities are activities go beyond account for the activities must
measured accurately standard practices duration of carbon support sustainability
and deliver and what is legally storage and objectives such
unambiguous required distinguish as climate change
benefits for the permanent storage mitigation and
climate from temporary adaptation,
storage biodiversity, circular

economy, water and
marine resources

tsesssss) tessssss) tesssssss) | Cessss———

Source: European Commission, 2023

The QU.A.L.ITY criteria are designed to build on exi
Regul ati on, the Taxonomy Regul ation, the Renewabl e EI
Policy. They are al so desduwyxnteai rabisluiptpyordac d chentciom g,o ria
based solutions to achieve the restoratiohetbhUUbBHCBE ul

sectroemasy al dat a fGHrG ntvheen tnoartiieosn.alThe i nterlinkages be
EU wlsa necessitate a system perspective in developing
information | oops ensuring that detailed criteria fo
at est technol ogi cal progr ess Farnodm cao mpll ebmelnt s yod them (E
quality of removals depends on the complementarity be
reguland oMRVY of other GHG emission rEdp @rotliicgy aredk dasc d @l
decreasing dloinmabtye iahngbhdieidadiaed ret i ng ofegremaoavdlys ng a si
removal wunder two programmes, using a removal <credit
entities without)(@miptriopeti.adle. n2G824)ng

Thcbeapter focuses on the following aspects of the eme
at the ,EUWhlievdeclat ef i ed as key to ensuring removalsd e
integrity:

enhandainhag and @macesses
addr es beeammp!| e me mtf a raictt g we It yYMRYV and national GHG ac:

mT quanti fotemooeal s,

T ensuring ardedmavialnsal i ty
m refl escttoirmgge durati on

m safeguar dsuwmgt aviglaelbi | ity
I

I

6. uantifying removal s

6.2.1 Need

A key task itheaakdfsgad nrgeamowalanti fying its net GHG i m
deter mi ned i f emi ssions from the activity ar e | owe
Har meend me tshpeci fi ¢ MRV met hodol ogies are essential f

andonsi stehoy, t actheet iint egmiatrkeaf t he
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central task in assessing the quality of removal ac
chieve a net benefit, the amount of GHGnubsbteEngesmitt
han the amount extractdeérfoowm &heTahbket "R BMegitehodol ogi
uantifying net removal benefit need to ensure the
ailored to eachefémovahgmehieod respective system bo
haract(eriistetcsalHar mdalSed rules for quantifying rem
onsistency of the measurement so that activities cal
heir i mpacts meaningfully aggregated. Fruadgmemt atth eo n

ntegrity of (Adaromem mdr lkadt s 2022)

2.2 Status and policy gaps
he LULUCF regulation sets Menmbrorvialtsh h scecdmmi tMRevnt s f

ules on how to reflect such removals in national GH
cope needed to quantify practices | ike biochar appli
ntil recentdyybtsdiremseegiwast i fi cati on met hodol ogy for r

To dméeporting and accoumtaii mddoywoef urnedneorv atlhse wawsh UER r egu

S
t

q
n
r

g
a
b
a

ets MembEométi atmesit s for the LUWLaUkChH esveicntgo rt hwe tEhU Gas va Oe
arget and the objectiVhe bpEgdadhads Pemnti sprAgviecceneatsuf f i
uantifying removals: its scope is |imited to removal
ot been granular enoulké bibochptuapppiBo&t i cBlksetL BECCHS
egul ation binds the Member States and applies attri
ui deffomersati onavwhii,emb/r et iolmii @sdpter 2, differ from the
dopted bywihbh aPO€@fined ifBeanbhoder,ndd 0k dparcyk of di st
et ween human andfnemusal odsi aedsremovalechoasaeniamagied s
ccounting as fwBedctheaB expl ai ned in

Box 5 Quantifying biomass combustion emissions and BECCS removals in IPCC reporting

Theporting of anthropogenic GHG emi spiranse sa
UNFCCC. tU@NEECCCE assumbadombthwsti on of bi omass

CQemi ssions if the biomass fuels arerpliledse
combustion i s ;thamkemcwem dbwyr iCDg phot osyntemiss ssi.
from biomass combustion ar eenet lyegr &faemd n e dtevy
are not incorporated into the totatimmg) ssCO0f{

bi omass combustion is theremios gitohemaeiritge d( 3 asCi
2006)

The | PCC reportingh@g@edcebsneasr éqomre he com
energy be disclosedahdr onéfyet decenephapes as d
reported in the total emissions of the energ!
of biomass becomes evi demi sism oinls e aatalla¢ IdaiFia ds
reporting of carbon st ock cchhaanlgleesn. g eJdhui bso teexvpeee
asymmetry betweenAmrmex x| | pamtdi eoInEA,. t 2 @1 18)M el (
parties share chal |l engnoniwiotrhiUdadgd Cofr @d eb am df It
to capacity issues aArmrenemnxorle perrtviass  ewmtgwmghiue @i
collect and monitor forest data accurately, I
( OECD,. 2024)

Source: Advisory Board
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The CRCF regulation introduces a methodology for qgu

removal activity l evel , requiring conser vatainde repo
transparency to ensure traceability and prevent doubl
The CIRC&qmewasr ka promising step to fildl the adovement

har moni sed quantificatior emetlhadhdl dpy athet lde fd cetriewnitt u

The CRCF regulation (¢tEU| t 2Z02yhgws ttelpe aprpea @miclhe t o qua

removals which wildl be further el aborated in the me

regul ati on reoowiad etrasc tlaapvoes yat i ve cl i mate | mpantetonly w

removal beneftietp. clalhec utlvad i on of the net removal benef |

T step 1: quantify the amount of additional removal tt
a baseline, and

T step 2: subtract any associated GHG emissions occur:t
related to the i mplementation of the activity.

The baselines used in the BoabopiBfarceatd pml ioefd rteomodreatl esr
achieved removals come on top of a prior or counterf a

OGhe baselines shall be highly representative of the
processes in similar social, economic, environment a
take into account the ¢geoocgarla-gpheidooalt i ¢ o @& hoeloxrirde @f i tolantsd ir T
(Aritc4@® of the CRCR Regul ation).

The CRCF regulation requires the emissions to be rep
refl ecting Tumicseritsaitnot idelsi,mit the risk poemovedesftomat hi
at mosphere or of underestimating the quantity of dir
activityo (Miecdr.alBylOpracommdoti ng a consequenti al accoun
the net renfovel, beynedonsi dering both direct and indir.
the CRCF framework hel peffecagobfl thentemdedl| si den ad
accounting required by the regul ati ofni creetfiloenctsf trhemao
(Grassi eduealt.qg 120D0K)of data Ggsdgemaitmict edroamplressil 2 ¢
to capture all relevant processes involved, and uncer
deci sions.

The information related to the certification process
The aim of the registry is to enable the tracing of
countAritglL &) . The registry is a welcome méasurxe oas i
comparison, as fSectBe i ndicated in

The devel opment of the CRCF methodol ogies faces c he
feasibility of veciytl eatmbnasaotdhaavsacioluanbiielnigt,y of r obus:H
alignment with comps$edkret &Uy EH$ ldawsecti aeREDheé/ CCS . di

It remains to be det®pendinfeidc iduatnhtei fmetaiodn met hodol
regul ation provide a robust enough basis for net <carb
the potenti al revce¢ibe)dl sThiese@RGH sroegul ation hints at

robustness of MRV in this respect with administrative
Nevertheless, scientific contributions suggest that t

T St out clear MRV rules for each removalt hmgt hoed wi
at |l east scope 1, 2, and 3 emissions including wh
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what monitoring methodol ogy to use. Quantificatio

i ncr eaesneisssiinons i n the wider econdmy duwascttaiovciethye r
shifting, mar ket | eakage or ecological |l eakage.
transparent (8sanmetri ensal ., 2021)

T Robustly apply the conservngghetvenemsesvalribhenefiet ) nas:t
the CRCF rfedqouadatand (eport on uncertainty anal ys]
integrity risks stemming from uncBamhéemtétsal n, c®

T RRquasefficiently | ong monitoring period and suffi
and after the atheéeweétiysia heedched.checks to ensu
actually delivers whaThiwasmapy apmede opanrt tthealear | vy

LULUCF sector due to ownership and manunagemdntbidanm
texogenous fact orkors uicrhs talmmacsee,a oiirraf f or est ati on, i

to verify0d&HHhC iamptaicvtist yonly in the first year foll
expected removals based dempbealextirapol hadaedegs esi
greatly inf-twueheeemhesl oheresults and could detern
net remov@JRGBen2021b; Terl ouw et al ., 2021)

T Provide imaboumat hefnhéemi agti vities delTlies matgtadnn s/ ¢
because, among other things, GHG removals are no
pr es(ethatr t on et Raelloina 2a0e2 A 1) er irseknso voavl@asthBeAoio s | Agr eement
t ar qaentds i n otgleea sb urcd @ mad fe oinfmptawcrtes genétatisoms so i mp

to understand the GHG fl uxes f rSthBamintals se th.asle.d, m&(

6. Ensuring removals additionality

6.3.1 Need

Determining the net carbon benefit of a removal acti v
the baseline. Thi s di stinction i s critical for accu
all ocation, and maintaining public trust in carbon ma

To determine the net car bon benefit of t heedsr ttiof i e (
di stinguish betiweehudhegbtel hbaekdm@d6def hadt si oksa @

act i(vAlltlyen et al ., 2Q024;t Nol am eetsselnc,e 2Bl )cbneerpt of
involves a baseline or a counterfactual as a means t
have occurred in the absence of the activity. Ensur

accoun(tieg carbon) baddidliomnalfiory effecti vie. eal | foicrad n @in:
addi ti)onahndttyhe wider publ i(cNopearnc eeptt iaoln. ,0f2 Or2edmo vSaallsz m
2024 )Naandi ti onal crediting is among the most signi fi
voluntary carbofHmgaketsat o, daoes)

6.3.2 Status and policy gaps

6.3.2.1 Additionality inthe framework

The CRCF r&gaddtitoonal ity criterion requires removal
requirements faord aoeppeernadt @arnsi fi cati on for financial vi a
it relies on baselines subject to periodic review to

contexts.
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Additionality is one ,ofalttepe «ORICIFc qaddsivt /o loeli istey | e st

in the certifi caahiiocnh naett htohdeo | toigme sof writing still n
del egated acts to (phel IGCRCFfHlrped gul dadafiiomi ti on whel be

addi ti onal i tFyoro ft hree naodvdai Itsi .omuwitl Air it 3 eafi ttere o@RGFR tr egul at
met, the removal activity oper dtaghres aacrtei wietqud i gtokedsa nboe d
nati onal stat ut(iore. ,r ebgiun diempge nabsl i gati ons aYantdhel bl)ev el
the incentive effect of the certificationAiiscbgeeeded f
The CRCF ntéeuladaagruenr es the standardi @deé kasnenloinn @s atcd i
and to this end embeds a regular review process of t

five years and reflect the | atest regulatory context
ambition over time. Whetreaistasdandi pofsrsd rive el litkows t he
f or an-sgcetciiviiitcy baseline based on the operatords indi)

The ext emti diac el INMRLF met hodol ogi es onv dcirgatidamadgsks C

systematic biases is yet to be determined. They ri sk
technol ogical or policy changes.

It i s imptheapplti adehlmlte baselines mitigat-éevédl beésé&fioff
(Badgley et al ., 2023tba)n dHharyda seetd abla.s,e |2i0n2e3s) ,cwenke avs t h
uncl ear assumptions or met hodol ogi cal i nconsi stenci e
reference | evels set by the MembgedRGC}t a2 @zlea)sd earmn dtahhel i L
baseline may create a systematic selection bias allo
standardi sed baseline to be certified, ev-addihowgkllth
(Probst et Tahli.s, i2s0 2aBlasud ecdhioaddt h & 0c2o3nt ext of carbon f
suggesting that claims of addidmamagemeryt ode¢ ®ins iacsmu ma!
exclusivetgegrmyesboomi whifabtossfoundf doradg edot elble melme vaa:
agricul tuBatldaaond sStr.onfgh,es202x3)ai ms typically use the
counterfactual scenari o, neglecting potenti al future
Acti-svpecgi fic baselines risk being basedleanadsoagnéani o8 e
creditin@gdand i omoml of fsets that exaggerate the actual

in MRV rules for espadilfiishi ngsanBa&tivipryesented in

Box 6 Example of a pitfall in MRV rules for establishing baseline

Ataydf the forest offsets programme opétrime elda
compliance mar Béitndcthaéeé tbedawpproach in whi
resul ted in -systlemanigc amoentei(nBgadtgd e B0 e Mt @
programme awarded the bulk of its offset tche
proj ect gne aismirteidalcar bon stemaack savaemrdgtehefl@bov
baseline(Fsga@jarCioonmon practice constrained tt#F
scenari o and was ((Bapgltey esEwalrlkge?2@l22wyd havc
with regard tolfyhssvapplropcbjeftrdeével opers ¢
possible | evel all owegdnttysehectpedgpammect ul ¢
stock naturally outper(fBadng!| €y ee.tr egplicwpnfal? 0 ARt
were mostly c(redited-yuehatrr orneiptoiratli nlg p e/ reraavde raa(
base)l imei ch usually represents a shdgqrHmayaurelti k
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Figure 17 A sample of improved forest management project and baseline scenario based on
a project in Oregon, U nited Statesunder t he Cali fornia Air Res:s
protocol

e Project
= Baseline
——Common Practice
====« Average Baseline

1C0,e/acre

Year

Source: (Haya et al., 2023)

Note: @Adrepresents the credits generated in the 1% year of the project from the difference in actual onsite carbon stocks
compared to the 100-year-average baseline.@orepresents the credits generated in years 25 of the project from forest growth

Baseline setting should reflect evolving market, tech
reviews to address risks of underestahnthat hogneoaheact e
regulatory and incentive frameworks.

The additionality test under the CRCF regulation re

reflective of mar ket , t ecTthn sl oagpypldareds molti coynl gyh atnog e ts |
standardi sed baseline, but also to the additionality
the incentive effect under the CRCF regulation. For D.
rels mandating such activities, coupled with them cur
noaddional (Egollomgvi c)J] n20628Bh cases, concerns have been
baselines ifmambmagCZRECRI | to fully reflect the differ
avail able incentive schemd&EC,s20R 3ads tEltwd otgii cd.&am d2 D2 X
This risk may be reflected in the regular basaetline re
| eesvtery five years and moited  dmeqapmtdygch fofhedyrmami(c
which changing conditions are integrated into the bas:s

carbon stock is fidayanederaltj madz2a)

Whil e maintaining strict additionatetyticmgtendaestalkl
equi vailmncent e xrtesmowlaaelese used to directly c¢ounrteereb ardaanc
be tyvoddes with some practices to protect and enhance t

For some removal met hods in the LULUCF sector, it may
di stinguish the effects of human interventidrhaftrom n
enhance or conserveéedoskenst an-gf e ci k@f onature conserva
exammNloé an (&t0 datlp.h Icih@ht enges ianp persatparbibaesfenitre g nt er vent i c
ai med at conser wwhnegr ei natpapclty i fnogr essttasn,dar d baseltihnee met h

necessinterofantmeamadtnit mgmd piogbheste. sBbhksl ar acthal |l eng
questhiaovnes been highl i ght ed firna mémorcdoamtipedpet a b fivahhdiree CRCF
chall enges in identifying appropriate baselines and

practi webld edbd sdagch eadpp lhiaee® | ed to uncertainties as to

be eligible (esecequés fECo a2s)i204m
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Nol an (t0 &l up orercef dtsd & nbreal ramkcashyi t i onal ity require
wider policy objectives for therleandisignk:hrehaseal ithes
nat brased carbon credits, wh er e acsr ebdai steilnign etsh rtehaatte nr et shi
viabi[thgsef Dewopietcd stbhe intemeigahwdbbh tbet CREEFte to
EU LULUCF and bi od(iBlkr sdtGdidgo)lrjaa csteisv etshe posfsaiibli Itid y
recogmriaseti ces ai med at mai ntaining existingdbyginks, |
extendsincrenti vi se practices that may not meet these d
|l and use poleiseing etdiCehm pit.re r

6.3.2.2 Additionality in GHG inventories

Nati onal GHG inventoriewhfiahlrewmadlyPECt guethelVahseson man,
andrgeraduaxtgndiongapture all rWnmohhiehv eetrbeofideesalt i ng
removal s, cienrctliafdigsmbge t wo MRWMi sg st &ansd vii n y-£ B VMR \y

can compl ement each other

The concept of additionalityofiemamwal g effdrecneaetdi d malt h@H
(Nol an et. allh.e, r20p24r)ti ng and accougotviem g emuald east | soent amudt
the LUéed@CIFati on f oduli aw |vihmecsh PrCeCqiuti vleeU LtUsCaltc t o r emi ssi o
and removals that occur on Mamaged | and aoeé&laasncddpt ed
ard&EEA, ,20a24dojwi ng Member St ates t oanadc csoiumkt ef nohna nnceeamél |
t hleas@c(8mith et &htjl2@8P2p, the LULUCF regul ation r e
for GHG emi ssions and removals through different meth

m I n managed forest | and, doaewrnt irred ¢inse sdeopnadr eatged idni srt
humamduced (eefdg.ectaused by manad e menntn ad wammadg esand
humamduced effect®. g.n dihe tfoortlse¢e ag)e IFfhoeruecsttur e
referenétcse toédeelcounterfactual val ue of emi ssions
managed forest |l and in the future based on the col
practices as documented from 2000 to 200%@%nand ass
energy use. Annexred Wl atfi arh ed dfUiLlJeCd cr i teria for t
forest refengheisrtliicothér seach Member State.

m In managed cropland, qre-aa e $ | arcdk osapmpdl iinegst.| alntd sg onsi s
comparison between average annual net emissions ali
the referenee wmabteric net ))emissions and removals

m In afforested anadc cdoeufnotriendgthgfdootblednvels h o d . It consi de

emi ssions and removals that occur during the acco
a baselinel BERA, a20 24ed)o

Accor di nagrto@ Etavmier EPAme n€ 20:2 4)

Accounting against a reference | evel méwmisc it h at i
makes up most of the LOtLtWDEFgeeremdatdomt abfltedh er eEdo v a
much more | imiteathethan e~reetr asapgmredasc h .

The use of different accountréeguyl aapocachexi srederd otrhet
and risks of politicdlEChi 2907Zihe) 2O028r erewve s$s @eint iofg t he
(Aritcd)e simplified t he actchoauhnet ibnugd greutl efso,r r2e0q2u6 rtion g2 02 9
on the GHG invent o2 9 2&8mtthaa bsnupblniianiceed wini da ststeiss elu dhq s te d
on the dataz2®38Rmi whedhi corr esetonmdet h d thesgriolsesed abov
direct-imdmared removalsupanmndkenattour adli reé@tly caused by h
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accounted for. The discrepancies between MRWhHficrh acco
is a tool to measure procfard sMRY fhat i oemdv &IHGc ¢ matrigfeit c
by the differée¢emhewpuMBRYssypakmbcul arly the potenti al
removaHewever, with the prol(iNclran ieota nadif.t,b e 0s2h4f)i edt pe
net accounting under the LULUCF regulation, some degr
may beoomeonly hehptebshuy, abSacpgrbadient ed i n

6. Refl ecting storage duration

6.4.1 Need

MRV systemsmanneaetdb & ost orage duration and reversal ri stk
and r etfhléd ftf er ent degreebBetoweemuti empemary and ,per mane
and between remossaisesnantBihesei anipects will determine p
and societal trust in the use and policy implications

The qualrempwmat hod ftitksedahbey st or agendd uri astki . D pireavlerstadr ag
duratiempoohry meetnmodvgaslr t i cul arly thosedwanhiangdeéefdam
yeatros centuries depending on the meahddawrvalnme tmamlag e me
reversal t h-raonudg hn ahtoudnaacle d pr dhessee d ac thoirgsha rail i Isihtoyw ar
uncertainty amadrtienigmebon storage i n wnegledmdsdiomuocaunsd S
mai ntemamdcéé oring and verification.

As a resul t, certification MRV rules need ttohepirrovi de
assumedcquired stagr d&ge qgdiernatyi oonf MRV, and the certific
reversal I'iabil iGhywptedc halh e mgu g lsietey of MRV  wi | | def i

(Thorsdottiranedt ianlf.or m20c24 )l ecti (drddoi ainansMaaf Doaweil é
regar difrog ,¢hleeng & leti heys eo fodf r e dhietcse rftriofm ealc triemmtviad s f f er ent
pur poaretshter ust wort hiness of MRWesystl emsh oxtiatp ghadtlep esoo.me o
the ri sksshloirntkeerd dtuor atamd moévVvertsoala,gebut c@inwmeort tehl @ mi

chall enges this presents for establishing equival ence
Chapdaenri®f this report insdmude &pptbopriatcél ecteonf t el
in theH&Wwadget , and the necessary mechanisms to reduc
equi val ence whtihieenpaecn si wdr iclm@ngi ng cl i mat e.

6.4.2 Status and policy gaps

6.4.2.1 Distinction between permanent and temporary removals

Temporar peamdnreenmovarne treated seg&CPeelmanéent t hemoval
require carbon to bceensttuorieeds.f or sever al

The CRCF regulation recognises the fundatneemptoarlargi f f
remov@hasp4and requires them to be Kkletptprddvsitdensctt hfer ofmo
definition nmdmpealmanent

O6per manent carbon removal d means any practice or |
using appropriate management practices, captures
sever al centuries, including permamnentsl, y anlde mihd alh
combined with EnhancedAHy2d®)ocar bon Recovery
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Temporary removals include carbon stoThgedeéehi pirtoidamrt
car bon f a@aomi@anegnporary removals andgoémitsgictncoadlati om
obscuring remohBUGD ¢ loil mati @@ mitigation efforts.

The reqgul deifomesal $gpes of AempofaryYy(déolelmustrersage
productsd to result ionf aatt moesapshte r3 5 yoer & tbh osgheenri pcg scsair bbiol
onrsite monitoring of the carbon stored and certified
temporary removaltshleansodt catbd ry, téhroesecdlnl ecti vely defined

@ar bon dnmamamisinyg practice or process carried out o0Ve
year s, t &leamad atg etnmeernrte sotfr iaa | or coast al management
and temporary storage of at mospheric anpdar btilbgeni c
reduction of(Awpiilcleeni 3610Nnks.

These definitions set the expectations re@avdrag th
cent dirni eccase of per mé&@ne nfte areetdirosy at lesmp otroa rTedred maov @ li ©.n o f
car bon fceorveeirrsg t emporary removal § oignmstdlcyl micoqnifdrmt r educ
obscuring removalsd role inpBUd<ycliinmatilehiiwsit terinigsgk) | ioNn
mitigated by separate definit,i omnasmeolfy reenhiesvsainotn nreeadsuucrte
andrlban farming sequestration units. The darterdaie ttiyomes
temporary removals andsihpeulmdneolt! o moveal isnct MRV r eq
respective uses(beefcdr ae xB®hmgestdontetdi r et al ., 2024)

6.4.2.2 Management of reversals

The CRCF regulation recognises the rreenvoewnasltahods s&rsd | i
requires operators to take preventive action itso miti
conti nuwdwsley .

The monitoring rules, including the I ength of the mo
met hdrdtc@ eCRCF Re@héeaspeat)d imonmiutt@rs and mitigate risks
during the monitoring period are already set out for
and the EU ETS directive. Trhemariun etso fime 1tleémpoe atriyf irce
met hodol ogi es. The new rules wil/l al so set out 1liabil
(Aritc6(2CRCF Regul ation) .

Under the CRCF regulation, the wvalidity of the certi
storamgeé the different risks of reversal as bwaliiadietdy wi
of CRCF certificates exorenger maneretver amoweaelng uri es. Tt
r e mo \ia.l es. carbon farming sequestratiornarsdtogrhdrers two
the relevant mbort o nasth gl nepaesrti o5d ,year s for carbon3d3bar mi |
years for carbon stor atghee isnt oprreodd uccatrsb.o nAfitse ra stshuambed t o
at mosphere. Operators may poobdemget aé smomhtorciemd i peér
temporary removals several times so that Rlgeilatdwmdti

The CRCF regulation signals the need for preventive

l'iability mechani stimte mnisshkvedfl fasi Irwd e sodocnhchodsl leica b iviei t
buffersfrmodt upnsurance mechanisms. These wil|l be set
regul abnseinmighrat t he applicable Iliability mechani sms ir

|l eakage, and rel evantseumndree c ttihvee Erbde &ESTUSr easn dalrheh e CRCE d
regul aattriiomes hi s orre spgatl at ory consi stency between the
the rules concerning permanently chemical bgurbdbaurnd c at
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the EU ETS ECi r idit2gdefleegat ed act does not include spec
permanent capture andhaowe fagmbd ttii @m idgreappmerdellcyt ssti pul af

amount ,e0ofboCuOnd in the product during the utilisation |
permanence of nsotramadgtehpgem dtulce i ncl uding any nor mal act
the end of the |life of the product. oMultiple nor mal
account in determining tAhitec3geer, ma2ydeanicaen oo ff usrttohrearg er e(q u i
specified in the delegated act.

MRV costs per unit of GHG storage are expected to be
per mameemiovdale to the monitoring specificities and the

I't will be important to ensure that the monitoring ru
its associated risks, and informed by relevant exper
periods should be | ohgeepougtdepaddemtt ceguiehit c &thioaurg ha
detect changes with sufficient certainty-sedatwdal Iriaks
(sekAO, )2023 s therefore expected that MRV ctohsatns fwirl |

per manenaveonelsonger ®Prmdohandz Mas .IDtowednhai n2s0 2t30) be se
monitor i ngh@Re&ri ankt h ordeod wigriseudf f idairearntti om dmaeéy the righ

bal ance between the frequency of the audits, complian
i hhease of biogenic carbon storage in construction ma
| i-dyecl e emissions, whi |l e i mportant from the environi
cumbersome in practice.

6. Safeguarding wider sustainability

6.5.1 Need

Al t hough the primary value of removal activities |ies
at mospheric GHG, a comprehensive efvfad citatdscs @ atdhoefm t hei r
towards sustainabilitybsuscesséwg. acate removal s
Removals are | i nkreed attoe ds ursitsakisn aabnidl iotpypor t uni ti es beyo.
are |ikely to have impacts on the EU®ds <climate resi|

economy, pollution, bi®oddivalrssdfyetaywdaradodtyBée ®etmsy dtuai o
aspect s, a sChdgd3arn Bb\eide winncgl itneaktfe® dtesmov anl $ sdbrami dtheir

wi der environment al and soci al Cc 0 nd telxeta orsiysk £ mn eselr evd tc
highlighting the need for the comprehemsic&kdihfclcasi on
( CREDI BLE,Sc20e2n4t)i sts highlight the need to steer the f
towards justice and sustainability now, whi(lNea wtalze sha
et al.en20l2édby removals contribute to just transitior
systems able to reflect the i mpacts of removal act i

i nformed-nmhe&kdingi ceamd hol i stic approwaalitsses ttho eit mpll e me 210i21

6.5.2 Status and policy gaps

Under the CRCFemegal abbconvities are required to compl
CC8irective and the RED L1/ 111, and wsuhsetrael rippbdec &l e b
taxonomy, whi celss eefsdtayp,l i sthst ainability and technical |
met hods and associated sectors.

To be certified under the CRCF framewor k, removal ac
range of appl,soabhl asEtUhkaa@CBEDI r ead@dvosi gni fi dant har
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princiwhere possitbHss t ai fi @ mleexsointohmy r € W, a.t2i0®hde) CCS

directive together with its gui gsatnocrea gdeo ciunmegnetosl oagiintsa It
(seeChds®eAs regards to BECCS, RED II1/111l sets rules f
used i n bioenefB®, adprrad kiOars

I'n privat e sufsitnainficeemlnaixdoenomy i s wunderpinned by a del e
change mitigation and adaptation, whi cht ri aarcd puadrets  a recc
storage, as wel |l as for research and devel opment rel
with relevance to removals include those on forestry,
landf il | gas ciapr,ureemendt umandufsadt uring and (tEh@, const
2023Tph)e mi ni mum sustainability requirements are to be
alignment with the taxonomyds technical screening cri
not guaBArttcged t he CRCF regul atwihem emarm@aitompls d iatt efomd tyh e
specificati on, |l eavi ng (munothi triomm dgap) i nterpretation
The CRCF regulation mandates that removal activities
contribute ctobe walfrii @mulsy fcarrrhiomg i s requir-eendafoi tdel Thver

regul anieiroenn y signals the need to prevent unsustainal
bi oenergy plant eapangiedn esoronCQdtested sustainabili
[ T I

The CRCF regulation requires that removal activities
that the certification methodol ogies setting out the
met hod are at | east aslcirgeneend nwgi tchr itd bee n tmengubnindaecria 6tnh eand ¢

beyond themethoo ggeldd iefcitc r i s ks agfda ptReronvhti U rei toiveesr c(osmd en ¢
shortcomi ngs ofdonbsi ¢gmixfoancoamytd €JrBiAa 202 3 ; Humme | and B
202lych as the lack of integration with the(BPnosg?konme
and Bond, 2022)

I't I'ists sustainability mabgjoencttriivbeust et htaot. rQCennheyg aciarrebdotni vf
to benefit the protection EU,bid2U24kTbpt Yy atkdoé&cas yb:
requirement for removal activities to run a climate
measures posl acmpagapeci alhlepsei skytiempor ar yChragph@&val s (s
and) The | i st of sustai nablhdnédfys ¢ebd eedttticvWeasof ctaHd edR GF
regul ati &n, include
T climate change mitigation beyonsgloitlhee mieds iroenmorved L
benefit;
T climate change adaptation;
f sustainable use and protection of water and marin
f transition to a circular economy, i ncl uvuda ngd t he ¢
material s;
T pollution prevention and control;
T protection and restoration ,iofclbuidoidnigves siilt yheaaldt he,
avoidance of |l and degradati on.
Theobmustness of CRCF sustainability safeguards depen
auxiliary |l aws such as RED 11 /111 andegbhbtd€C€Snmwotr ect
menti on compl i &nwier owiniepma dathcessmémtecti ve as a precon
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certifimThatidomective requires project permitting to
assessment of its expected enengabhpenealt ad o mmpraicttises a M
reliancel ldnd IREBustainability and GHG &ErUi tpeorliiaci efs B iea
from the certification chalileamrgadnlet dilyrl eawti innge( Eilre 20®P
2009999 e &dcstda®.ndnd ..Fhe EU should scrutinise lttihel Fobu

sustainability and GHG criteria and ernfaobtomaasuraw |
material s. This theuhdnbebhptperR@Entsomfl eading to the
bi omésgpddhant capacity beyond what is necessary for CC¢
While the CRCF regulation sustainability safeguards

measure andthded sicmpasaemo w&lt i s tf ost er community benefi
transparency and ardequier s hamd ndocument s afileogunaor ds t
signific@mt ntcampme, i1including climate change adaptatic

Beyond environment al sustai nakadiis yf,ort hseo cCGRLCIF « afgeud laa
to ArftsBe the certification methodol ogies aaeoirckequir
specul ati ve | amtlake qiuntsa taoanqunt the competitiveness
EU in a sustainable manoalre opetatotsar|l YVhéonesdiat o pr
on rur al communities, and respect thepeomlhe safoffedtoed|
the activities is mentioned(EUWU, th@2pdleamble to the re

The CRCF regulation also recommends that operators r
sustainability arbticdeet anveds gt goungi beyond the sustain
enhance the economic value of certified (riU,s 20rd dl)e a

Since impacts vary depending on the removal met hod,
specific certification methodol ogy. It i s uncertain
mi ni mum requirements and howetheyr awi $édbleyqpablti ¢i adoc
sucht h#eer man Environme)atnGagdomayabhiiGkzx3osoft (2023), as
princhehiessd the Equity and Edheveloopmedtiémduahbiocy ilmde
theniUxxdt(els. S. DOEco2024) nspi r e nehteh oudpocl ooy inega sCsReChFb v a t
i Fi glBtehey:

i measure i mpact by nmapsascetsss itnhgr oaucgthi vmetays ur ab;l e and

i benefit icesymudmictu meeynnteirnggi es-odhd fopadeommunity hea
|l ocal job creation, and by disclosing project re
| ocal partners

i do no harm by documenting safeg@arde sbgnekefpeant
hamri nci ple, including by adapting activity to

avoiding mal adaptation.

129



Figure 18 Guiding design objectives underpinning sustainability criterion to be developed in the
certification methodologies

transparent reporting

20 tangible outcomes
and accountability

for local stakeholders

community well-being
and risk mitigation

Source: Advisory Board

6. @nhancing data and processes

6.6.1 Need

Building trust in carbon markets andywiteées thamafpeop
reliable data for i mpact assessmentl ed smetthadhslpagieans |
ensure credible verification to prevent integrity ris

This section addresses three thoarti zcoomttarli brnuéaesdktsh €foo ri nMWRe

pubdtgrcust in future carbon markets

(aAccess to reliabletandndempamalbl ¢ héatianpacts of r emo
benefits, and to make the best use of the avail abl
response to various EU policies, i nhled®i ngndhealb UL
conservation | aws. Measuring changesf dumdfeorse andiinmg
forest policy effectiveness and driving progress to

(b i ethemet hodol ogi es developed transpar-makigygthtoulbh
in |ine with the EU principles of the rule of | aw
and societal devel opments and the widAddrceansiemxg 1l
scientific and political challenge of establishing

anpgr oc e(sbwerske and Schenuit, 2023)

(c@redi ble verification as part of the MRV and mar ket
deceptive or misleading sustaiiCaklinl iett yKadpelratni2f@®2a3ad li .c
2023)
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6.6.2 Status and policy gaps

6.6.2.1 Access to reliable and comparable data,

Ef fective MRV of | and sinks in the EU is hindered by
met hodibBe&EU shoul d hracgimsemgbuadvanced approaches to dat a
handling supported byFot bBaert @dMortii toalaiersg t he

Thgover neegaue ati on, theregeivasiedn LILICFhe CRCF regul ati
of the most sophisticated methedef o8 met hedti egocthménd
2019 Refinement guodehemad @FHEBINPEOt oF PEG,. ZTthked9 ) wuse 1is
mandatory (laombwevéponagdp) n practice not yet widespread

The quantification approaches in Member States under
LULUCF regul ation have so ftarerb eaemp rboaascehde son crad ucquh ,atlia
for bPaod type using average emmnesitooari remgnodat afast omns
across the Member States and (oFItSHE, i2n0c20dmp | LleitSeart aeehtd i 4 la.

monitoring of forest <cover bwehyiocnedmbtihnee dE Wvii idashs g laoswe nic g s
regarding the origin of biomass for energy and the ¢
proceBG, 2023b; Si k k ecnoan setti talt.e,s 220 Pni#klR Vo ro fo bbé toanealdses t o
projects sudh das BHRHCQC3.ers uvebxsatcaenrtbiaatle dt ibnye | ag$® bet we
occurr ehhbhree monddfd at{f orosuo et lal parad22) vearnyd |laorsgsee sc a |
from soils are unreported:

@ccurate estimates of emissions and removal s, bas

and | ocal emi ssion factors, cover at most 37% of

default | PCC met hods. As l ong as<l|l smate pemmachness,

chall enging to design efofe€,t i2®2 Ppm) icies and ince

Technol ogi es, i ncl udi ngn abelmeod emestenosd sn ge xainsdt Aghmd e v ol
support policy needs. The 1|1 egal framework ai med at c«
relevahor mati on i s,howevget caupimagea major policy ga
moni torimngi$yeremrom Member State to Member State, e
inventory system with its own methodol ongw E& et esp
Strategy for 2030 &sttrretsesgeidc tfher exsetedp lfaonrning i n all Me |
monitoring and data, transparent govdremi@ECe 2aA0Al1fTcpoor d
propodesreamtni t geg uwlgat i o 8o idnrdi tt dareiBengi | DierneccgtEiCv,e 20231, 202
aim to address this gap and shoul d be adopted with
i mprovements of the | and observations systems®6 data ¢

Aritc4 eof the CRCF regulation requires removals to be ¢
comparabl e and transparent manner, i n accor daanscoe wi tt
requires the monito@bmbi hat bweintbea Sneedansounr eament s wi t h r e
or mod&|l Thegexact rules will be set i n tdhnei ocnerrdeigfiisctarty
is a step in the right dAsréettbsappoegar €ERLGn dlait me qwietp I
t héifndalbdeegssinbbeepper alelue iplaaé d cwipil eeh i s good practic
managenmmémtvi sor yTrBaonasrpda,r e)ncy of data and met hodol ogi e
them, are important for (Bergeownd &t heaubon h@PlKet 2C
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6.6.2.2 Science-led and trustworthy methodologies

The CRCF r®@gmdrmadatoedw for updates to certification met hc«

is important to incorporate technological advancement
remain in the systematic application of si napnadc tc |a snsaetses
neutrality consistency checks of rel evant EU del ega
democratic | egitimacy.

As mentiScedgBBnn he CRCF regul ation fmygredatl ¢s rreevg sli am,s

certification methodologies to reflect the | atest tec
i s a wel come, flexible provision t hat shoul d be [
met hodol ogi es, ithna narr tdii swelda rb atsted | s e s, to linger ris
progr eshsguish ai nabpeofscabmopalr s owWi diehré maWU&s @sndeftdron
examMiehael owa .et al ., 2019)

Gi venriteshkencenti ves for p@ajmectprdgweltopearrsaned er s i n 0]

[ remov adi]n wrdidti 4 & & toArhegmho/v al (Micah aveltoywa et asal wel 2049) ot
perverse ,i nfcoerntdivvaensp e ver iSect B o R godo d( sgeoev esrhnoaymlicdey a
central role i ofathde upalwvadlespment he cef et Cadapstbdm met ho
To ensure market and phaékével acpmesnt def ¢ panwaedegct she
CRCF r egswhloaltlddoma sierdp ot astegetmbioh public consultatio
neutrality copbbatdnbg ,alptkadt hiethapXl@rai ned

6.6.2.3 Credible verification as part of the MRV and market oversight

The CRCF framework-pmahgatves i fhcatdi on of removal act
certifi catbutn cboondcieersns about regul atory capture and p
of an oversight mecHaniggmrfearhrmntahdde€E®RCFessed earl y on

the trustworthiness and independence of certificati on
Under the CRCF framework, the verification of -removal
party auditing of the activity, starting with the ini
process is intendedndepédredecnanduadcecrde dhiyt,eichi €¢ 8rstuief i cat
certificates of comgMUi a R 4d df od d eorwast otrlrse s ame appr oece
sustainability tchewEDvfii clat has sbdddémocri nhisaif ficient tra
ambi t(iIEawm opean OmbuMaMawnl, i 02 al ., 2021; Moser and L
2024and is stild]l | eragpeidgrnuatddst edn( s &e ubnarrtn aargda i Thaslta ttil
ri sk that a removal mar ket i heweéli carwi ¢ tincza@dpdoredits
verification due to the financi al rewardsompsetbtctat sed
They furt,derawangudrom historical i nshatheesprofteseguwlf
establishing robust wverification standamdsiaidsusltirkyel y
(Grubert andl mallatgiht 20G24)hese concerns, combined wi f

voluntary caBhadmgl| mgar leet tad ( CRCQP 22houl d include strong
ntegrity of conduct of both tphiendapendedcpulbhdctacosogrw
f the certifTheamaokhebodioede triggered by the CRCF r
ver sight me c hani(spno | d tctya oyhaepde etdo tiot f i | | this gap 1is
egul ation. Given the integrity rmesckhsamiesmll @ nlee adtove
arly on.

® =~ O O
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6. 7TAddr e stshenogmpl| ement ar i tlyevoefl aMRM vand/ nat
GHG accounting

6.7.1 Need
Appropriate GHG kel goutetviemg ocemcreased cl i mate ambitior
could i mprove the accuracy and transparency of nati o

sectremoval s.

I'n It dteRtsat e of Car bon Di oxnmidteh (Rebtddayyliad s trleeofral, | owi ng,
unanswer ed, guestion and conocfi dmovldw  cadn i graé ert oo utshee
accounting be designed across scales e.g. nesting of
prevent decr edalshed aamhbhiotrisonf2urt her | ink the risk of de
double cwhnthngan refiesrsutfen.cgel ouchdret i fying a single r
programme®s®ubke g. ursé mayv aal credit xs oan cafah $f@tnggt wi c e
claiming of a removal by two erSmittihe setwi dThhoeu2 O 2adp)per do
accounting approach collects data@. atemdweals madt iewitt yu n
jurisgaotdi amen reflects them in higherGHS&gngweengtaotriioens |
submitted to inter®uwgerowmiad orfy aBAsedvy.,c kMeDB4ed accounting
therefore help to shed Fegbttaobscltimat eo mptl reidlgetsi oumn deefr
Wit hout nesting, a subsagt af f drhestea)tmaymo/ reclfsve et ait & o
remowelts hi dden from view if counted towards net GHG
removals are summed i n( Ltahmebi re tr.easlp.e,c t2i0v2e4 )sect or s

Besialvesi ding the challenges |linked to double counting
MRV systems could help to improve the quality of nati
more graeamdilaccur at eo sdeautrar etntdry tutsed in their compil at

|l and semboerEICs 2022f)

6.7.2 Status and policy gaps

The national GHGt h@R/GFn toopreyr astned on separate MRV and ac
CRCF certified removal s&@wNDIC; coher CRCFeregutheéei Bd doe
use inparhtiy dNDCs or international compliance schemes.

Nati onal GHG inventory data compilation and the CRCF
|l evehe. framework for EU emissions and removals report
out igovtehemermgwd ati on. -l Evel adtait ai tcyol |l ected as part of

directly reflected inArtbkeofmveheo CRES, raguhatgbn enc
coll ection and reporting met hods to be gooepaanbée
regul ati eont hBPuacttounting separation, this curtrheent app
EU6s c¢cl i mate ambition, as the double counting of the

|l evel s and serve differenthpteposaen®eomghetn ciGs6@&&D es s ence
progr afmMmMEAGHGr eBted@ 4l)u a | accou-nt an@i sgtawati on of paral/l
where emi ssions and removals count once against the G

removals and once against the national GHG inventory
Regar di ngusteheofenrdemoval certificates in the internat:.i
alrlemowelrg i fied under its framework to contribute to
EUds climate objectives. This restriction supports tF
domestic emissions and removalthEbfyro2r@eb0aneéf eat irweenoy
del i ver eldU ijnurniosndi cti ons etram dacahrigeee tlme amddti ti on, t he
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CRCF certified removals do not contribute to third p:
intended to avoid doubl e <cl ai +RiUngj uafi shfgmtheg a lCsRCFEn E |

regul ation). Furthermore, the CR@Fonnatlrliobwst e hteo ucsoer podr &
target sEwfbasoend enti ties, as Itchieqtaes ntaltdy ndd ncdotmpflalaln
cat egdgichriys. means that CRCF certificates can be traded
TheRCF coexists with other removal <certification sche

apply and meet the condi trieocnosg biyisheed ICRCFc erotuil fdi @d tsioo e

Article 6 of the Pdaorwosp pfogrrteuenmetnite sl atyos pur sue cooperat
of the NDCs. Any upcoming revision of the h&EBE&SE regu
ambition to achieve net zero through bal anoitnhge of it
Paris AgreementAriaentbeéetto ompHawlrd t he overall mitigation

Regarding botfhooeadcawmet iofig certified removals wunder th
very Jlittle experience so far. dhomwtipplogt @niotfi eteshet oPayp
cooperative i mpl ementati on of t he NDCs, including

governmeimecBD)( and a -gbNFGOGE d-cradbbinnagne@ritocgb(Ba m The

i mpl ementati on was tthadé eadrtinclase 2p8denndadti Frehé& siedn
CRCF regul ati tvdo mAhitoobaed | itchre Par i BhiAgrfeetmeme . al i gnment a
targeted pri mar i | yustgo war dish eprcievrdttiefoifecrdadhes p(rpaimbtl e t o
regulation) . hdweMmewnbhecltearew could affect the possi
and EU climate targets. Any upcoming revistihdkeosf t he
ambition to achieve net zero through bal] aasi sgtobutt
the Europeano€hiem®aei awgr eefretcd eembuphoihdfohe over al
in global e mi Ghsaipalngsr. ( see al so

Acti-tevel removal MRV should be | everaged to improv
inventories and support glheb aHdU cslhionualtde eannsbuirtei omer t i f
visibility in national dgHGwi hvehtuothes addresfkl ecsks
stemming from insufficient transparency in removals r

Somaut hwasn against t he risk of mi tigation deterren
transparency in removals repoyjitti mayarme adaduretnigngq.g R
account for all/l emi ssions in r-eomodat sbi omy sisf tthhaed nnse,t
carbon benefit quantification boundaries and wider su
appl(iledAGHG., 12 2dgse of tFPapdr &t ysaul gegrepsetl Ptsh)jaotn scuwolrdpo or a't
mi sl ead the public wihgt hemar kefifsetthergr cpbabtscts a
relying on tempolrmaratdd@etmorara,l Envi rofdewe!| Abemdegsamt , 2
points rticoishieesi ng the same CRCF certificatesonwice f
cl ai momgnave th their transition pl ansgraenanapdmnsgercesi sveo bl
(EC, 20&3fhe Directive on cor po¥(agle, s2amidabiMeabielri Sy ad e
usitnlgem t o comply with t hesiurt hmatsipomral falkelli gleetciacmoni s a
REDI (EU|l] 2018a)

“"The directive sets out an obligation for | arge companies
transition plan for climate change mitigation aligned wit
Agreement as welargsts naedenredti ¢ eEQ@Y/op elmmH IClG mat e Law
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I'n addition to conse8euetnbtgiBad n & c g @ sussiteh Imnep strwdPacrtdi ,oh s (s ¢
transparency emerges as an es-aeadtiialvliegwvteor ya ¢ @untni g
reporNoitragp | vy :

T integrated assessments coudaeacthoerlapl teof freev esatlthfetali e cam
depl oyment of a portfoOlEAGKEG, r2md4 nl met hods

T the upcoming | PCC duwirdvhiretcle fwdrl rhonhieslepd and transpar e
emi ssion accounting and r(d@PLCrCt;i 2d2¥nder the UNFCCC

T finall vy, the CRCF wil/l enabl e advanced data coll ect
could enhance the accuracy of the GHG inventories.

The national &G ail hveaeaalbylo a gywietdh e mi ssi on trherdoutctl on da
har mamni on BEOF EHThSe dat andbkbpoirhveagtory reportingf oarpprove
examplhe MMR r eAgind¢7TaR)i.onNat i onal GHG inventories rely o
considered to have improved the over a$imi tqhu 422G 2tdg)l of G

suggest t HactRIEDID+i es as a source of usef ul insights
actiramdyi nvieaeaaercyunti ng. The three could be supporte:
communi ties wor ki ngst iomatt e r o d ood aarl bi ognn afsl upxaerst,wiod e r

ef fort to increase compatibility between reporting

esti mat edmbye(gGiodbdaeln et al ., 2023)

Considering the above, and -up anticeirpati end ofemavmbhs§
ensure removals visibility inmawiboboafluGHIGei naedt @3 $ e

opportunities stemming from compl-tmeet aMRVIi asdbetween
inventory reporting and accounting.

6. Summary of EU policy assessment
Tabl4ds ummsrsi the policy assessment carried out in this
status amnod gapes.l atter, it uses the same GgpatogyEOf

climate neutrality: progre¥advpesbirgyy Bgaps ,al2d2dpportu

Table 14 Summary of the EU policy assessment of Chapter 6

Policy St atus Gaps and inconsi steng

EU ETS dir

. L fci fi MRV r i
ezl egal 68 cpumis eserialp oo 0 PEIE ¢ equ

permanentlgioring carbon permanent capture and
chemibaluny Aambition gap

carbon prc

Governance
Regul ati or
Regul ati or

Encoumnasegeéed®ErdatNot yet mandatory, an
coll ection met wi despAaemldi ti on gap

®REDD+ is the UNFCCC framework to protechbboeesthanéas fpamrt
@ educing emi ssions from deforestation and forest degrada
management of forests, and enhancement o BUnfdoerre stth ec afrrbaonme wsotr
eligible countridasean pragmeinbaseds elmosesodn reductions.
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St atus and inconsi stendc

Car bon far mi ng deeniiisnsi
reduction and removal
Apolicy inconsistenc)

Specific rules and me
Defines perman and to ensure appropr

temporary remo still need to be el ab
. [ i

Sets MRV gquali 7Poligcap

removals R

CRCF regul Adherence to the odo

Rules to ensur principle is only regq

oversight of t which is not further

certified unit substanti al room for

the del egated  Aambition gap
Lack of a binding regq
activities to run a c
include relevant adap
Aambition gap

Requires i mpac:!

i ncluding publ

of initiatives

S i ni ficant ec

|g.| ! EU del egated acts of

environment al |

Better Rec. application not accon

i mpacts eonrt anhlii : :
. Co assessAnemplse mendgapi on
significant sp

where the Eur o
Commi ssi on has
policy options
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7 Reversing the decline of the land sink in a changing climate

Adaptation can counteract the decline of land sink . The EU needs to urgently bolster the
mainstreaming of climate adaptation to reduce impacts on, and enhance resilience of the
declining soil and biomass carbon stocks as well assafeguard communities reliant on these
sectors.

Healthy ecosystems are essential. Healthy ecosystems are essential for climateresilient
carbon stocks and removals, even ifboth synergies and trade-offs exist between biodiversity
and climate policy objectives. The Nature Restoration Law aimsat tackling some of the
persisting challenges in funding, governance and land-use policy fragmentation, and should
be rigorously implemented to overcome the so -far limited progress in ecosystem protection
and restoration.

Bioenergy use needs to be balanced with other priorities. The decreasein the LULUCF sink
is partly linked to increasing bioenergy use in the EU. Sustainable deployment of BECCS
requires the EU to balance overall biomass demand with environmental limits by improving
resource efficiency and biomass sustainability. Current policies,including REDIV/III, do not
sufficiently encourage an efficient biomass value chain, and face implementation challenges
which undermine efforts to achieve sustainable bioenergy and BECCS deployment towards net
zero.

Agriculture has removal potential.  Agricultural land, which accounts for 38% of total EU land
use, has significant potential for carbon sequestration through improved soil management. The
CAP offers opportunities for enhancing land sinks but remain misaligned with net zero,
supporting high -emission agricultural practices and lacking strong incentives for land sink
enhancement.

Implementation is lacking. The European Climate Law requires mainstreaming climate
resilience and adaptation, but progress is hindered at implementation. Land-relevant EU
policies remain fragmented and lack sufficient funding and long-term planning to be aligned
with the EU climate goals. The EU should integrate its land-related policies into a coherent
framework supported by the Soil Monitoring and ResiliencelLaw and the Forest Monitoring
Law. The framework should guide sectoral measures towards sustainable biomass use and land
management that enhance EU land sinks and foster climate adaptation.

7.1 ntroducti on

The
goa
new

The
daff
EUS
202
in

sec
and

EUG6s | and sink has been decreasing dramatically
' s for 20t30EW ndebedddshdd ,pr ot ect and enhanttcesée’abbt sBhg s
ones in the LULUCF sector through ambitious | and
LULUCF <car bomdosvienrk thhaes pékeérdsed®lsa@2)dhe | atest i nven
aom 202R2ets hoevmd hlaUIsUCH s22MtoGO o f 20 22,0 wonfde?7 % of t he
s GHG emi scCckE®hAhs ROed@sB)@2ssments by the AAdVEEAry Bo:
3f; JRC, 2024chakKer owau o ea@t tdlat, t2@23IWULUCF sector i
the wrong directionremmpal 8ya@dé&i0t ac2080thes i n t
tors are projected to become both the | argest sou

the | argest GHG si nk, (nKaoirnolsyu ot heaBnokase .teos 2f00r&¢g) setse ds h
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that the EU8s LULUCF sink, mostl wbyn20b6®,es@@24ia)dsocou
Ch aptRe.r

I'n addition to terrestaraheeeacsygaxt t dngast ad cael a bseiannkg anh s o
degradedi mgte i mpacts. HWowevtabobiEtethseip od ematetaan

rel ateendov al medbBeodsi at(sdbraipead),t hi s chapt etrhldammcduses ¢
sink.

Bi omass consists of organic mathtieage mihd charclhoan ad ars ke

bi-based supply chains that may include removal s.
Bi omass resources include |living and dead plants, ani
and in the freshwater and marine environment. Living

medium | asting for year 4e . gd.e cjand essod ol rsb & vheass eecde npiruoidiuecst s
where biogenic carbon can besose@esgs)ctheeare glad cse mepri ta sd

biotechnol ogy; oromat e rtirhagd ea ce-anelihem i ve @®ogpr sdmee

constructi)n Bbmasteedr isaupspl y chains differ in terms of s
carbon release to the atmosphere. Depending on the | &
or even permantheaoe mwvasgthktheitpifroadmct sé6 is coll ected to
SectiroAB

Figure 19 Competing land uses

Built Food Energy Material Carbon Biodiversity
environment production production production sequestration

e -

Sources: Images from the European Space Agency

Many removal met hods rely on the availability of fio
already under pressure from competing demands.

To serve the 450 million inhabitants of the EU, di f f e
4 mil l?2io6n likkmmedl udi ng the built environment, the produc
energy generation, materials and the maintenance and
sectemoval met hods reqf@ige lhdhMpreskac® adgenagt i cul tur a
carbon sequestr atbiepre na@n ngr eml annds ent and futhee | and
removal <gooft etnhedsad met Modeovar, the future removal fro
depend on the ava,whalkihl iitsy i mf hbhigdhhmalsesnand across the
the food, energy, and construction sectors.

I ncreased competition for | and betfweemtfhead ufsreadludtoi o
| amudse changes, such as defoofefss abhétoweemndarcherteedquaeas

ot her ecosystem services.

The avail dbiolmats g dohiEetddIls|l economy is bound by the pace o
and varies across agrliiouwlsttwrcekl scpreocp se,s(scpraadg 8vbaonddyn eb i 0 me
production and harvest o f bi omasyse,stoepermpdiordgiconobhe)
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management practices, can have i mpacts on natnhudr al h a
bot ha@ -€@GHG emi ssions.

Figure 20 Types of biomass use

Biomass not harvested in ecosystems

Provides biodiversity, carbon sequestration
and storage, and other ecosystem services

Climate adaptation and resilience

=)\

Land use
competition
e.g. afforestation,

deforestation,
Biomass harvested for

Biomass harvested for urbanisation
bioenergy uses ED non-bioenergy uses
Biomass used to produce Provides food, feed, fibre,
energy, displacing the use of V buildings and construction,
fossil fuels in the production of \ / biomaterials

heat, electricity and fuels Waste-to-
e.g. food waste

energy

Source:

Note: the following section identifies the trade -offs in policies related to agriculture and biomass. More specifically, the following
policies that affect removals in agriculture are explored: CAP, LULUCF (biomass), CRCF (carbon farming), Soil Monitoring Law

ThEUds biomass suppliysanodeaaftbgdd clycl ®l i mate change.

As expl @iapeRenn nmore detail, droughts, heatwaves, fl oo
di sturbances caused or amplified by <c¢climate change

mo r t & |EiEtAy, 2024 a;,ah®Clefnfio2® 2tdlne sequestrati on amalpacity
wetl ands, and the productiomndfi okinemays wi 6 @C.SRoladd wp it &
addition to the carbon budget, the EU is | imited by &
be grown Regiaowyalaluy al h a zvairlddsf isruecsh, awsi ndst or ms and i n
turn some forests from car bon sisnekvseEriand pe smucacwerst if e g
LULUCF sector has b&€Qdmei agnsucboexCe&pdi on@lRidiayents

For est management practices across the EU have often

|l eading to simplified forest stEucopeas Bodesat |lamkt ic
However, tree species diversity posi t(iLvieanyg ientf |aule.n,c ez
whi ch i s critical for both <c¢climate adaptation and

demonstrate resilience to hagzAsrtdsups u i 1a8s rflatadce lwgertd e
associated emissions when such disturbances occur . B ¢

in a cascading successi drPeasrcdrodmp anrdd Al exbhintdielo g a 12 OH &
speci fic management options may be ovebwhaldhgdagdfoprnt h
adaptive forest ma(nMogreinme nett. satlr.a,t e2g0 1e8s)

Mul ti ple EU pol i cfi ®@sn da fsfuepcptl yd eonfianildand and bi omass res
i nf |l uckinfcfeer ent | and uses and cr eoaftfes sfyonre rtghiee ss-unsittahi naan
up of removal s.

The LULUCF regul ation requiaganest tLHJdL UEWF tre moolail esv e n3 20 !
is set within a mixed policy context that places many
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for examplaen,ntheadsghi n affortelsd ad a mww eanlida mdl ofi ela tnlgan d s
(Advisory BOnrlryY, s@e@e4padbwgrotultther EU forestry, energ

climate policies support increases in carbon stocks
such fragmented EU | and policies, several EU policies
1 hFo r eMotni t aed wnilga(tEiCo,n ;20231 )

h®® iMoni t carniBagi | dierneccétEiCv,e ;20231 )
hde f or esregt i a(tEU,n 2023g)

hat uRest orlatwi BW, ;2024f)

hevi seende waechbedjyr ect i v EURERO0I2131d))

=A =4 =4 =4
—~ ~ —~+ —~+ —~+

Several strategic documents guide EU pol:ioafye stisl,t hi s
bi oecombmygi vearsndoyknddapt att@ ¢ mehtaen g e .

Secti7tTo-Rsppbresent selected considerations regarding the

scal ingmawyal s while reinforcing other EU pofbsygi bbj ec
fusUubsipdhiaessedt f ood security, heal t h, circular economy
7. Protecting, restoring and expanding nat
7.2.1 Need

Heal thy and -bioHieeonsysyems can pr orva dieleisemgaardbdorc ant

sequestrati onbeannedflisttsegrated | andamskelppamaxinmi se bene
mi ni mi seoftfrsadoef competing policies and objectives for

As highlClgap®rdnddel i vering temporary removals througt
hawveul tbehefits: supportinghbghlelnpaitneg niott idgianiittem hgooralt ur
over shroeodtusc,i ng ri sks frvwm Icel ianag® healzmirmdg ,t o address
biodiversity crisis. Healthy epotegste@aisb dmt s eoqd g's tprraot
and sthhutagare al so more resilient to the effects of «c
reversall |l PCENtWiIORhHAa) sequestrationl ekéeaf $gpoierpalalcy n c
taking Inan@eeriCdtlap)etial sogtém r eesxtiosrtei ng toospetembut

reversing the decline inabder &gatidrigianls,ecarsg etse mmai nt a

EU policies on nathse@ppodtbiecdisyst ®imt yxonservation an
benefits for carbon sHowagysChantecsgebuasstrathese syner
al ways guaranteedof Asdmayeaicilsiennabtécb@ddelea@ar ecosystem fu
certain cont exts.-sdaolre eaxfafmprl est altdrogne wi t h Aioincohc ul t u i

grassland can deliver removal(sVeatketrtke edetarli.me n20 202f; &
Kopel, . Cohhivde)r sel vy, restoration of native grassland o
removal of trees and scrub, |l eading to emissions and

affect e@ERanf00r20a)dapt ati on pur poses, nature restorat:i
measures with the | argesdf {p®e ceknitd ma | e Talmals ef ,esw® & 1IXJri aedse
traadfefs can be partlyrmheraged nhiadu gh aipfbedrmetnmeogvraa tse d( s

|l and use planningaocagiognt-biélhsthicamdec a@asltavalabl e | ar
use planning requir elsevaelp agrotviecrinpaantcoer yp,r ontuelstsi t o i dent
of fs in Il and use decisions, and to ensure coherence b

and bi OmMREE,. 2022k)
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7.2.2 Status and policy gaps

The
bio
Sin
dir
I i s
wi t
202

A mo
pr o
sea
car
wi t
wi t
al s
res

EU nature diredthidhadsur as t2a0WI0i srhétnwor k form t he ¢
di veolsii¢tiyes, pwiodve dlienggalEUpr ot ecti-ohehfecompayemsar b
ce their adoption in 1% 9dandndd &Zkittivtepe ttihve |6yE)U
ectives®d) have placed | egal reqguirements on Member
ted species and habitats. Natura 2000 sites cover
h around @&0%wkoés tbhberestri al area comprisdEEAf, fore

3e)

ng the habitats Ihabdti tddt 6ot Anemext he ollatihrea 2000 net
tections for ma rryi oparritnec udmad hw b ic thantioc® punda énrgl and

gr aswethleasds, f or esttesmp egrad s |lhaenadt 6E Aa,n.d2 B2c2r)aiber ag e,
bon stocks on sites within the Na(tBerae 2f0dr0d,aate a13.%
h several estimates intivca@8t Ghgof h-6&r Bpep S@rorrneadd e | vy
hin Annex | BEG)t20%6jnl EBER EWd| WVF] vedDgl)these A
o have considerable carbon sequestrationi poftehnlty al
tored to a heéalytkbputdndieguester in tMhE€Opedeyearf ma

(Il EEP and WWRkRer2 G@&ddersdsi,nm to the EEA

Des
ric
fro
ris
Al t

@ncertainties in quantitative estimates of <carbon
are high, making it di fficult to quantify the ir
mi tigation policies in Europel. dTihfifserceanltlisa tfioorn faunrc
with data from monitoring and measurements, and f

Europedsseke@asE Aa,nd202 2, p . 2)

pi tpottehmptasailt i veofe fEHW cntast ur,e tdhd ecdnyersvati on statu

h ecosystems in the EU is stPirlelssluargeloyn poordiard s
m agricultural and forest managemendl ipmiatcd ucceeds, as
ks

hough the assessment of the EU nature directives s

(EEA, ,2023d)l the general objectives of the directive:

pre

dict when they wimhpl émedtudt iypoarm ¢dhaypWaice t o i nsuffic

(EC, 2016, .IEREAt,h e2 O@d3sat) r ecent assessment of the stat

net

WOEEA, , 2Ppa2a®) 14% of habitat assessmentandgBowdd a ¢

no-bhi rd sapréegio®s 0 .

A mo

ntger r elsabiitadt s consi deriedh,t o6 bboegscarnmiornes and fens

6grasslandsd (4 9Q%)o poadfitoiness s gmest s showing a bad con
trends that are mostly deteriorating. Agricultural pr
source of pressures reported acrionscsl uvadliln gh ahbairtvaets ttiynpge s:
as wel | as drainage of wefl anéstsmese dbhha@b imaains ,soanmacea
|l argest prresswpesl d0 (e. g. art Hairsghom &g ¢ maanmaplsant s) .
change i mpact s, including through,htaevnep ebreaetowgrne saerdd apsr ¢
growi ngtainbseahabitats and species coVvemeldhbyetheei&BU n
extensively highli EEAd B92dahePi Ut hetsal ., 2021)
Fundiamg governance challenges as well as the | ack of
EU nature directivesd effectiveness.
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Policy and academic assessments have highlighted seve
objectives of EU nature and biodiversity ©policies,
restorati on ns gfae gelvaerudessd.r aus hors have highlight-ed how
targeted funding has I imited the i mpact ¢HetrmesBU&s b
al ., 2022; ECA, 2020; Kettwundénveat iiaduesn tefatdyi dhihagtde Ghg p L 04
both EU and n®heomsdludyevelrs.t he EUE®,pe2xbGc2aj@mmnessi on
deliveringoomrbhotdi F@Gsi ty objectiveapproatididrReggluy r e f
biladnopobét weenR2 QIW®MMpatr@EdBRbi | tupbnestli yat adai o albé e fror
the EWMeab&ratesa fundiElUR8g abp ddhiern dtowdisgpergi Dintchae |y
mai ntenance andnmesxt ¢ rhimvibed tesstt matneiduindi ng hetwese o f
EUR. 4 Db(iHQ ieoth ahBEURDPBOB3Y E€Gn 2022¢)

Governance challenges during the process of designat:i
compromi sed thei (i mmpbememepnptatwiagrhgaphi s process the su
infringement proceedings takaimgabMesntbhsr a E(eBseoupneeann eCto marli .

201 3; Bonsu et al ., 201 E€C, FZdAd &) ickadnd emtgedloapod@eh) |
pol-l eyel andt rl satfef Isi skeedlt ween biodiversity andi nother

agricgHruséov et al. 2020; ECA 2202®20) ,Palridoomeests adnd 20i
(EEA, 2023fF ; S°derbenrng aedl|l Eabkeibérgst{T@EE3 urd®léd&nd i nv
Severtaldiasvse ar gued itgahtanlahere directives fail to make
6conservationd, with management measur aandf dcesddrarn ino
which involves measures aimed at i mproving the condi
Described as a lack of strong, binding restoration no
for resamd altacokn of f oc u(sMeomd ecso nente cali.v,i ty023; Hoek, 207
2014)

EU biodiversity arhdvfeori ensctr esatsri altgdryd epwaonnaogteende nt t hat d
on multiple EU policy objectives including | and sink
Nature Restoratiobhéesme stiatfteoedbige s pecil adi nigeshi ndi ng t e
ecosystem restoration.

As part of the EuhepEWnbiGo kiewne rDeiat( e Cst rdtadigoyp tfeadr 2 0 3 (
resgba the oO0state of crisiso6 facing nature and biodiyv
bett mpl emeenxtiisntgi ng environmernt glu alrdrggfedtleadtti @ npr ottect ail
terrestri al and marine ealosgbetleyst omanhao@abwhlehcarbkc
The f&Ues't strateg¢, FPa2RdOBOon those targets while foc
incentivise sustainable forest managememntr ahaedy r psomo
wi despread adoption of synergetic management measures
biodiversity, carbon sequestration and climate adapt s
through 0 peagasndt dmorser,vifcoers di msdcehaenicdese CAP and t he CRC

TheeceadbdbyNatdure Restor atii onrt dlead®i @i bidgbi odi ver sity anc
strategies by enshrining-bspeadi bhiodigeasiifi adhd ardtbD

EU [(&LWwi quet et al ., A20d24%;l eHde k,f 2th22)Nature Restorati
States i mplement measures to restore at |l east 20% of
and all ecosystems in need of restorationnbya2@®2@®@.s TI
for |Iisted |l and and marine habitats, as well as separ
these targets do not directly create obligations for
required to putmeaspracsetowmecesashryhese targets, inclu
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schemes, monitoringArtcd £r epot hiengg awUndember States ar
restoration plans to identify and quantify these rest

Table 15 Targets contained in the Nature Restoration Law

For terrestrial Annex | habitats not i
measures by 2030 (prioritising Natur a

Marine For most mari ne Iceolmidtiati sonnot30i% nousdad b«

measures by 2030, 60% by 2040 and 90%
Ur ban No net | oss of wurban green space and t
RSl t rend t hereafter

Restore 2bj0eeokimtowvifmgest atus by 2030

artificial barriers

Reverse decline in pollinator popul ati
thereafter

| mpl ermsrntorrati onemédasnceedi bdi ver si ty i1
achieving an increasing trend by 2030
butterfly index; b) organic carbon sto
agricul tur aldilvaenrds oMa yt enl & égshur e s
Restore or rewet organic soils in drai

areas by 2030 (of which one quarter re
50% by 2050 (one third rewetted)

Il ncreasing trend in the forest bird in
=P s i ndicators (e.g. standing deadwood, s o
Contribute to planting 3 billion trees

Source: (EU, 2024f)

Th&dature Restoration Law is expfeodrthed EtUd sd ell ii wmant ed uma It
and biodiversityaodobgeatéehvesi mplemented and funded.

Robust arneds owérlrolelde ment ati on of the Nature Restoration
benefits for <c¢climate mitigation and biodiversity, pa
wetl and and f(oBEGsdat halb.i,t a2 23 ;. | GiEWe rantdh eVWFmp ®&r0t2aln c e
these habitats for carbon shawuelsd armtdarsrcua ridoeldrticodsua g eo,n
t owar dBUdtshe2030 LULBCF 2Me2niherastBewsb mi ssi on of nati onal
pl ans serves as the framework for i mplementation of r
by monitoring and reporting on progress towatthe targe
EUBds spatial surawnaiolsltasniateu cnaépEabtoi dt.g8 0e2s4 f )

Under t e 2&FWDI2t1i afnnaafc aamke wor k, the EuropeammiCotmend st 0 0
dedicate 7.5% of the total -2B02 7b utdog ebti oodvi evre rtshi et,yp eorbij cedc
and to increase this(EE€, 12 d&khesdy a0 E@bdwdiin21022g amount t

averBdR3. 8 HRIEIC, i &2 2mo)bi | i se t hi thel eewelopefanf Codimn ¢,5 i
i ncr ealsii qlglliyght ed opportunities to tap into sector al
prioriti shiarsge dn atodrud i ons, in agriculture, adaptati on,

i nfrastruct urds.uckhU admitshsoisoen sodn soadkaap t,a tainodn ,r easnt oBEU ng 0«
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wat dalsso provide an opportunity to mainstream these o
the avail abl e f undecnogs yfsoere niohreastei otny pperso (defC t s2 @2 gy esea

Al t hough the European Commi ssion is required to repo
budgeting trackE@g mehdbajfiodrmowes ha doil mglyamwsed for tr ac
spendTmé&dvi sor y 2B aaa)sd puselvyi ohi gwhe a kgnhetsesdb mge i modpl ogy
parti ¢cthladr $ks over st atfi pedJo ¢ h @amonenpEald s vi r o ncnleinmaatle and
environment a%e werjeaelctdtvaelsehol der s datvallcideh eddatt wrde t he
restoratd om i mMiuflhudrdi ng i ntso r emesntr e suffisupportfunde n:
i mpl ementation of the Nature Res.tTdricatuilodrc athaswi dud ebit @
the EUBds LULUCF o brjeelcetviavrets ebeyo sfyusntdeinm(ge @ st 20 24 x pn ERB O E
2024)

No explicit pol detyahmesc hraanti isam a | l and use decisions
achi evement of diverse policy objectives. Nati onal n a
gap by setting processes to ioémtsi apydasygnmagags . pol ic

The devel opment of national restoration plans is an o
|l and use objectives, requiring Member States to ider
synergies-odfd twidde cl i matwe sa.n dA coctorethd Indgb jadoc ttihe Nat ur
Restoration Law, plans are bound to identify synergi
mitigation, climate change adaptation, l and degradat.
agricahduferestry (see Chapter 3). These plans odoul d

insthecween the nature restoration and the CAP.

The EUOSs CRCF framework encourages removal s activit
Chall emgmaiimccur ately tracking emwnigromuodmdnadbracs gendi ng
solutions

As presehapteihre6 , CRCF framework sets minimum sustaine
explicitly excluding practices that produce har mful e
and mandating that a carbon farming ®&¢boidv iviey rsanftiigtt c al
including soil health and avoidance of | and degradat
should consider the i mpacts on biodiBler saTel gifdRtICH i n s
framewor k may al s & oaicnd soycskt efm nraensctionrgat i on t hat i nvol ve
peatl and and f diGegsat heestedr @tloamgR2OR@Lhapt,ert hGere are st
uncertainties as to which practices or ecosystem rest
under the CRCF

7. Managing biomass demand for energy i ncl
7.3.1 Need

Bi oensaggyafbesd 60% of EU renewabl e energyodemahtd anc
energy generation mix is increasing. Rising forest b
l ed to increased harvestisoguyr ciend afnrcemowmn k mpwnm ter iagidn
The EU wused 1.2 billion tonnes of biomass (measured i
food, feed and bedding for |ivestockEEAR2 OdInfapdokoer

bi omass for ener gyof( doiirodcute | cslopenbindsidmilnognsi, n ener gy supply
sectors) has been gFogi2dg dinnRd 2199 bi ceaer gy, mostly
bi omass, made up nearly 60% of renewable energy used
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heat production in the EU came from bioma$S5S%combubeéi o
tot al gross renewabl e ebédter itcoittayl ngirxo sasn de(l BEecr or$i tycai t@ ,%
2024b)n transport, biofuels produced from food and fe
al l renewabl e energy carriers (3.9% of( EtCot)a2l02e3ner gy ¢

Betw@60©9 and tROElY demand for woodyo\werd tha gréi 9 @mf)one as e d
mainly due to an increase nin Idfpomadnvdi sfoorry eBnoearrgdy, u2s0e2 4(;1
Nearly half of the mencrbeyasiendc rdeeanseendd hvaasvest i ng, with
unknown sources which co0dldy ad stohiirmd | aufd et thea rivrecsrtd ansge i
met from secondary suppl yc osruscsthmear§ JWoebsdi T@hde? 2B A nids pa s e
i mporter of Woomyi hli pymassd pel (E&t s 2\@o2odd) r poeul nldefmtio oidmp o r t
no-EU countries more than dou(bHuerdo shteattwe e2n0.2230;0 9U SalnAd, 22002

Figure 21 Annual CO, emissions from combustion of all types of biomass for energy purposes in
different sectors in the EU -27
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500 'ill
.|lll|ll

400 [ | o
o [ | -
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B Energy supply M Industry and construction
Residential and commercial M Transport

B Agriculture

Source: EEA based on European Commission (2023)

Note s: CQ: emissions from biomass combustion are reported as a Memo Item in national GHG inventories and are not included
in national GHG emissions total

Th&U's reliance on bioenergy and BECCS to reach net :
due to the impacts of bi eameswatexrt,r abit ©odinv ermsiltayndand
Sustainable BECCS deployment requires | imiting primar

19Imported woody biomass accounted for 19% of thenEUéd tota
S atwesr e the biggest exporters of woody biomass to the EU wu
ban woody biomass imports from RuesbstSadaa&Ui nompe atSesd tioefss Usupp
wood pellets in¢cO®@@®@®wad f2r0o2nm ,10 67@3n 3 520X TCEU202024)
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efficiency, and ensuring that overal/l bi oenergy wuse

exacerbating environment al pressures.

The increadi mg otemeadtyi usees in the European Commi ssi on
the EUGs 2040 cli mat? tTahreg eetx peeccrhreuwn iicnactriecanse s | i nke
l'iquid biofuels and biomethane as part of 8enchtainocned Vv ¢
7)4 while direct consumption of solid biomass has bee

final bi oenergy demand in electricity and district hi
| evog/l 229(4E0C, .20241i)

The focus on advanced fuels with more <circular use
Commi ssionds modelling choice to cap the gr,wdscavaila
is 40 % mor e t(HELn 2ZM2Y nmpedveerllesé titeheeiny i r onmentadplriiesdk | e
fogri mary bi@Genermey BOsaé ssainta | fyosri st2hOed (E Ur &rcgpentme ndat i ons
althawxhceeds 7.5 EJ ehtiddetntwagygd 5hecenaarliiogshetd hevi t h
recommen®&d& 9 @duct(iAdnv itsaorrgye 8BBcher ccEur opean Commi ssi onods
inclespdesi fic feedstock &ap@s Bianrfvietss add £ sBleirfbowse e d
resi,daunedd . 4 EJ mdorrt ed . bitiewra s ar e notttpeg e Commpsisven
acknowltehdigtessu ppl 'y of bi omaud df erheemardgeyl | ed | evel s, de
futenergy ddemaedactual-fuptakaendf DACCSECow2024eprobdbal,
projectionsbsoggest demand driven by wildifintaetne pasd eéeéher (

sustainably avail @bEA, dd2Wn23ft) cMatu@pil &Ft gBR®nomi c s, 202

Figure 22 Fi n all demand for bioenergy by sector and scenar.i
scenarios
180
o EEN
— O ] HEwE
120
o
2 90
=
60
30
0
ST S2 S3 LIFE S1 S2 S3 LIFE
2015 2021 2030 2040 2050
M Electricity and District heating B Industry
Buildings Maritime transport
M Aviation B Road transport

Source: (EC, 2024i)

Notes: Final demand for bioenergy includes here bioenergy used in final energy consumption sectors and as input to the electricity
and district heating. It does not consider transformation process losses in producing biofuels, biogas or biomethane. Scenarios

A38%ncrehseenargy generation bya2P%0i hcoemage@lafltevelBsd4and
base(kné24 TWh and 1,183 TWh of gross available éBEBEE€rgy froc
20241i)

22721 TWh in -2Q@1TWb 6802000 Tawh i5812050.
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S1, S2and S3 build on the continuation and upscaling of the current trends driving decarbonisation towards 2030 , with different
degrees of ambition regarding GHG emission reduction in 2040, and LIFE builds on an assumption of moe sustainable lifestyles.

The 2040 i mpact aBEEGS memmwerassaanesr t o capturfyand st
in 2040 and no m@rege airma rR(0dbr® aMt icadB iVt ux@y lodsnt or age 1 n bi o
based product(@GEC,s ,whXx4ibh)ded)responds t o, respectively
emi ssi ons -sfcraolne lbairogeener gy pl ants intbh@2dectTht isoms safnpsg
researchers that BECCS will not necessarily |l ead to e
it all @b ebwnert and Gr ?nkywyiasta] | 2024up t6ra@d iMhdwdt rhiia
bi omethane ipprodjuedti @ to be capfuekd pnddappi oedas nCEe
(EC, 2024i)

The | mpaicotnsasosf ebxtraction on | and, warteesru,| tc airnb ounn cseirntk
regarding the scale at which BECCS can be s(usktCC,nabl
2022hEUGs reli asscael enBE@CHef or negative emi ssions may
boundaries for f-ueeharnger hisesph@oediasred griidgge oc hemi ¢
fl owmseck et al ., 2018.; BKEODMS einn settalalat,i o2nds4mie gsii r @n e n «
CCBroeegskbabin et al ., 2021; Bui et aBesieadesrgy;y , CaBpECILCESI

is associated with highkulmafre edycalle ,wa2t0e2r3;d eRoesmad et al
202Lph addition, bi oenergy production, especially fror
as wel |l as nitrogen (afadj aphos pehto Salme,i bdD®ER)er gy proce
efficiency gains by creating r,enfooral eoxoapnppaled ,u pirtoidais t t
through pyrolysis(Vblapi ceraadlks, b2ozhnpr

Bi oenergy can |l ead to either increased or ragedubed GH
scale of aggregath® HKihemaedd idcdemarcd, of conversiwhmatand r
fuel it did)plhaocvwe/swheaemrdce (¢ he bi(olnPaGG, .i2s0 Aeredfdoulclecdwi ng s

assesspeosl iU es relevant to each of the four factors.
7.3.2 Status and policy gaps

7.3.2.1 The scale of aggregate biomass demand

Zerroati ng of emissi onst hgoovne rbniaengtaet s, EWn &d@i5denewabl e
energy pol i cisebsi oiemee mtyi vdiespd oy nTehnet COENCED heesREHECOCCS a s
certifiabl e per mane,ptr orvenfiiorvtah e ra citfniclzel noteieveer gy d.epl oy men

The current policy and economdepli mycminmde/mdr ghye hs tnedm t fhr
the EU ETS Edi,r @@®di3Ré&eaD | I /11 1. Certified susta@asnabl e
renewabl e energy targetseminsgdsi amslefr omei E&r a&tdedd mn COi o n
other ,waitdd ity operators do not need to sucrrraetnidnegr al |
o f bi omass combustiiocsn ailn oe maarpdeyd Gsi éscetvernt ogoves nander t
regul atnidon by extdemsitdhre, CRCF regul ati omegBRECQ@S® ecam sdelc
if it meets pr etde famd dotshuesrt ag walbiitlyi criteri a.

I'n 2022, nearly all emissions fthEeth ENS wembad ¢t men of
compl iwande t he sustandabiwdsDYynloctr iyteetr irae 4. u i Trheedy ianm opurnatcetd
to ca. (MECMt QDBNEh represgentemi mesarolny falolm @O omass ¢
public electricity and heat pr@durceéepomt éc o m@EEUt he U

2Until 1 January 2023, haadileagivmlst alt mad+iamiee eod ®dwLlidns from &
without demonstrating compliance with the REECHLI 20r2i3tngr i a f
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2023eThe use of biomass in EU E(JTBC| ngt2adiretsiecny ® dies ni n

23bel ow. These shares are expectedl tbhe dsbpi dtnert heo m
requiremeqiust awintahbi I ity krikedi armdeéendceercl REDon from th
installations running al most exclusively on biomass.

Figure 23 Biomass emissions in EU ETSinstallations (% of total emissions in the EU ETS)

_—— h 1

120% 109% 129% 13.7% 15.6% 1>.7%
[} ] ) i : 1
| 4 1 I | 1 | i

82% B89% 88% 91%  9.3% A2
100% : TN NN N '
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20%
0%
2013 204 2015 2016 2017 2018 2019 2020 2021 2022

% of ETS emissions

M Fossil @3 Zero-rated biomass

Source: EC, 2023b, p.23

Note : Labels not shown if fuel never reaches a share above 3% of the total

The Zzatdong approach has been criticised (aBhesriurpilnistetc
al ., 2011; Pul besertiats,feomm2)he European Academies
t hat an exclusion from carbon pricingaletf i @adgrhewcdl!l vy s
emi ssi opmerofurCiOt of el ectcroneh utsyt igeem ealfatrhsycariasodmi iorener g
plants can be higher than when fossil fuels are used,
electricity and complex andEASAECt hyN@2@agass, saepdiydich
InNnt er naBnieo §ygyd n,c yt he soundness of the reporting of r emc
assumption of comprehensive reporSicng oifn 6ARe 2RALYCF
explai (&debyg etdhatl . GH@ 00t i g aatuitocomMmaits cn wtut @@ me of any

syst[eéémphi ch i s an avoidable pitfall if policy makers
and design |l and use policies and i oenergy systems wi
A sustainabilitlhmaodepl laipnpgl ineedntiinoned above does not h
termgpodbfregt rsiomthenover all guantity of EUG6s bioener gy
regulation signals some safeguards in this respect. A
benefits related to the certificatioof shobl demetgypep
beyond what is necessalCgLSfldowtkhihies oiperanliyynr @ifé & dnteed i
28whi ch meansnol bgdéingi @g requiremefpaéambii tnipopn sagcee aslos of a
Chaptter At a broader |l evel, the CRCF regulation requir

regulation consi der@®myi,r amuoearmrgt aolt hiempagctid O fe ciddtarle as ed
EU, 024

The EU'" s reliance on BECCS hi nges n omaas i TEe MmOWLELC
technol ogies, which remain undervalued in policy mode
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role 4dzrermetpat hways. Whilandienoel gyp @leimay ctimgiasmut es

ease biomass pressures, uneven incentives for biomass
Future demand for BECCS depends on inkbieomasespeéomascah
removal s, including investmenbi bmasanoeaeiwabl asadt ad di
energy needsbi oOmnahsesr rneonmo v a | optpipoms unitees fuothéwvens

removal p o €htaf potl é ro p3f)s.e wifh egblo o ma s s metmbodad treamt captur ed
in pokieyant ,anod etidileen pf dnodeBECQGH hzee rnee tt rtaenmsd & iton b e
over estciomaptaerded t o al t er(nAdurn eett eaxlh.n,0l20g2:4e;8 Leuxdaenmrpelre ,et

when modelling assumptions do not consiwhemxpempedhen:
DACxosts are pr ¢lBi®bietsi el vl higRR024; Lux et al., 2023
Finally, to release the presrekrfeosarmirbcaomasaprdoppmny,
decr eashe idnemaemdcerfggr and materi al s demaln/d,| |remanadpytyh et hr

ef fi cdierneccyt i ve. Whi |l e tihte iltschimehbdse resnteorogdy tahnadt mat er i al de
the need for remo(RBRC, ,a0tzveab)iimecreenrtgwes for using biom
persinst he abBEWBnpel iodfyi aadarnicvi eanl incentive for | and mana
and increase removal(sAdivni stohrey LBlolLakCd, s2e0c2t o)r

7.3.2.2 Hficiency of conversion and removal technologies

The scalability and sustainability of bi oenergy in
conversion processes, inconsistent data reporting, ar
Policies such asenerEdgyfi kcideargtt he promote cascading b
resource efficiency,echotr atugone®Rrr nanoesi s mawisemistr ong
synergies and -onfiff$ ganebito@auner gy and BECCS depl oyment.

The various chemical and biological conversion pathw
mul tiple final energy carriers tdhtdtfeiramnunteranfs rods oruer
(e.fgor e xeanneprigey a)ud dwhattehre conversion pr oc(els’CQG,o r2 0e2a2cnh)
I'n theeB¥€yrgy efficiency of some biomass combustion pr
is low due to inappropriate pretreat(n®inkk eonia feete daslt.o,c |
and the data regarding conversion efficiencies of bi
at nati onaC, |2W23db; Si kkédma-cootl fl adadyarde&dl ) bi of uel s i s
expected, and cases of fraud in this bi¢ERCAr gyY 088JYy me
(i mpl ement aWhiohegtop$sil fueAdsubesi yvyi BebpefasBBbBRA4pnre n
economically viable in the EU and need addi t(iIE€CrAgal pol
2023)

The European Commi ssion recognises tidfmneeedntopensduc
and consumption of foodbutmaterialstahid bhnhoentagymp how
wi || be achieved ac(rbG,s .20H4fiEdiiemcpypr @dt bi@ener gy i ns
t hener gfyf i c dierneegt i ve, and-sicml easemdoftitiaalgeindssariatio
emi ssdiornescti ve. While inducing operators tondwsnpidiyalwi t
emi ssidonscdde/se not yet include any specific requir eme
capture (proddeys WYraddlrl /RIEIDI suppoohl yornel akctaiiconhy exc
renewed suppor-onfyprieseattiraci bogs; a measure reflectin
of such i OEUal R&a2Bdhs

Systembs -ledd iccdsemadi ng use of biomass is encouraged u
put to good use by prioritising uses with higher adde
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i's burnt for EBEAJgYy2YW2A3dpipss etshat of f et etrhme bh eorgesfnii tcs caafr
stor@ge. in)dbuel eincgsraged at E U sulsd vaé loaarbbhayntc 4 elsy i n
communi c@ECon202hbhefo2@30 at(egq, 202he) comsitsapt Dido t
regul a(tBEW,n,20tlhle) CRCF( ElW,gu2réagd d pnt deofno roensft ragreoadru(cE \$,
2023g)Yhe revirsgul d(tEHLWCR 0213 de wth eo p Baunh a(luEssC, .2 0DRHeg 9ge
policies encourageesimgngandtdheraceabirmhdxisesnibe wooeénwhitd
benefits of itBaMoshemadhni e¢g. ase, 2018)

I n addition, acecgourldaitnigont hteheCRGFfpt ured biogenic emissic
could benefit from the¢ ECer 22i0 fEikd Frted nmenwdiorf ke ¢(eEng & a210s0 8 b )

sedut the waste hierarchy in which the pri ersiet,y i s
recycling, det.hger erneecropayn,dryaso \vae da sstp orseador tT,hi s i mpl i es
on htkei ogenic fraction of waste incineration, as it cou
recyclabl e waste. This approach could be considered a
| PCC i n cwhossesbt ar al agédmde dfuprt odhno wiirlciuh arm economy
i nrtreat i onal governance helps to -onafx$ mbbebsygaregggs an
depl oymem€C, , 2WwBRah i s curtrheenlk |lyge sleaed koirn gelxRa@mp .20 2 4)

Gl obally, further efforts are needed to i-dewvféedirfy and

exampheough sequencing of valwue chain steps with app
bi omakBCC,. 2DRi2a)process manleifned wadlee exmil ©5ii mmgs and r e
of cl g EAr s2ZM®2 3ayst ems -C@€BolovsngCHbiae harvested wood
bi oenbrgyghar systems (Rod abiamhly Macgen ti , .2022; Wool f e

7.3.2.3 Fuel substitution

EU policy does not sufficiently support targeting of
el ectrificati 6ofrdosislubfsueltst e

Bi omass is well suited to substitute fossiltHeaels i
versatility of its application. 't carllke twwadvsdayt ed t
Il i qui ds, gases, hydrogen andadoéddpifldeiCt s 28 a@adlle! as
can al so fsooobsertueeewabl es. Given the sustainability
crowding out other types of renewables, bioenergy ser
el ectriafriecmi t ed. For instance, i n-bpowaergpmdshkeati gpace
wind and solar energy and heat pumps are often avail a
to a | arge extent, be cover ed btyh etre cthhnaoss,abgi hbegsdsraon d sy ¢
powdrattery storage, hydrogen, and demand side respons:e

As mentioned above, REDt Hmat e(rB Wi 2uls2w3via)s s pernieorrgiyt i ussees,
excludes new or r eneweothlispusptpaolrita tfioorn se.l elctt railcsiot yi ntr od
for advanced biofuel deployment in transport sector.
based on the availability of other (emewbbbeREg®dpY bl
andhwi der EU pol engyobtibagmewbhé&ne as an alternative to
extending the useasosfocfimas idlreaf{kdsevs sang Bo®OwerakD24) n

current | egal cont extacearomosn deriimeg gihendlacikn otf he LUL
substantial i ncemttiiwveg toHr du gk nzergy under the EU ETS,
where it is most benefandat et hooml agpseorad poeecttbinvoeme oTchyi s
failure is reflected in the European @WhmoeissBabobnods 2
bi oenergpespoubdietcitved iwhere the potential for electr

mar i ti me (tBECG,n s2p0o2r4ti )
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7.3.2.4 Biomass sustainability

The EU's forest carbon sink is decreasing due to hig
and c¢l| i mat-ien dcuhcaendg ei nekpla cpgol i cies aim to protect forest
consistently address broaderri sdasdi rtchremepotteeln td rad colfi nBaEt

Despite regional thigeftceéiimeE@E opr eser abhtbon sink is | in
demand for woody bi smeashd ec edhiicreeld fwirtelst growth and cl
l' i ke firegq Bdrbedr ceug hatls 2020; Advisor.y FBacarscdheld2 4 ; F

territory, current forest management practices are pr
annual i ncrement, both of whAscha arrees wlrti,v etnh étyth @argeesi tn gc
EU coul d decMteCasre 2 M3 @ #MMOCaD n2 02{0K500r o suo et al ., .2023; P
The risk of affecting forest carbon sinks is reflecte
demand for biomass in 2040 is met increasingly with

herbaceous crops such asodn skiagmbh@aus2 0l2raitghdeadri tti lbaan VEA
notably the LUeWCBupeaegekation, of forest ciaSelbonostsocks:s

7.1 arhdwé@v ér , EU policy does not yet address the mit.i
of Iand in an integrated manner, (Aedypisbe yt BoeabenefRiORd
al ., . Th0e20C) i s no pricing of emissions and other exterr

(pol i cyTanapi mi se the exttemwal dtibkbe a@odf hetp bet ween d;
other sustainabl e h¢EWebhppimebrti gabl ity and GHG crite
ener(®dyhaduri et al .. THWel 8EU IpPCICi,ci2dd2anppl yi ng sustaina
to biomass for elnleEld,y 42 g8 driel@BC REDRO N 202 A g)maudltEUne
regul a(tBU,n 2028H) t haei &KReaFgouel la(tEEUo,n 26 FB8bNDue to the novel
of these aetis, |sa tflarftdixeper iaccntaweal | mpl ement ati on.

Table 16 Sustainability requirements for biofuels in EU legislation
REDI I CRCF Fuel E ReFuel

Safeguards | inked to art.3 Reg. Mar it Avi at i
26,29 art . arita, car t .

Feedstocks from highly ----
Feedstocks from high ca----
Food crops/ high indirec----
Harvesting operations ----
Moni toring and manageme----
Account i nRugs eofc hHaanngde e mi ----
Do no significant harm ----
Sust ai naleinleiftiyf sco ----

Legen " Explkiaéieguards in place
" No explicit safeguards in place
Source: Advisory Board
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The sustainability and GHG clrli/tlelrli,a a nod bbyi oenxatsesn suinodne ri

regul ati on, face challenges due to inconsistent i mpl e
fragmented data and terminology across the EU, rai si
bi omass use.t hldoe cardedarseisnsy LULUCF sink and intéeBUity ri :
should address the perverse policy incentives and t
extraction, while implementing robust sat @@R&L&IFds anc

framewor k.

The sustainability and GHG clrli tienr i2a0 1f8o ra pbpil oymadses fsaectt 00
and t hlel IREDrovisions need to be tr-20290s € ldeeghugd Ra®E nobne r
provides overarching sustainamtBiG&8 sparf ccfdaecqgn@ely( saepep | i ¢
does not only trequomel t aec &®EDbut al so goesi nngoyond it
significant har+sened st ai namidl iethnt ic® val ue c;hdien emi s
detail ed medrmsmddlloq{nEee,r 2Wa2pdsgi)st ent i mpl ementation of

may be chabwenNg@irrngeveral reasons, including:

T thancertain integrity of the existing sustainabi
certification scimemetsedndetr REDt he EufBPRaAN2CDHG) t
the European(Gubwowgdgeman Omb u d srmeasreav2bo2e2t)s n et al ., 2
Moser and Leipold, 20&2dd (Mc@el, pdhlof uzd;2vh)t ch et al

T I ack of choentswiesetne N(RREEDI | | , mReiFuem&U, ared el B@o IGIRC
inconsi se®ranbdy@ bowen)d t he rieshki$ susgtah @ athizi ompasef
SUppglEEA, ;2023f)

T insufficient transparency regarding the origin C
pathways in reporting (iwiptlheinme ntglme( JBEMENC P2 @2 Dlx;e sSi kk e
al .,;2021)

T incomparabl e and patchy forest monitoring dat a
assessments an(dF lcOBEnp aZ0i 2sdo;n;sLi er et al ., 2022)

T substantial titnheeclcag sodéhettniaean emer t i ndga t(cd€ o rtohseu o
et al;, 2023)

T alack of common terminbadokyof vagaerdesdinsaatdiioannali n |
sustainability -bhasecwprdksdudtos Mboedmbnoereéragy. (2020

So far, according to the:European Environment Agency
@lespite the [sustainability] criteria, data have
in the EU and bioenergy use is increasing. This tr
extraction for human use usesusathai nakl es,use fafiinaibe n
raw mateEEk Al s2023f, p . 20)

Apart fromelhepahi cgdebate | ooking at the robustness of

actual removals and emissions of BE®CS exd swalclr oas pe

l'ifeecyWERAg i2rD2I183iane with the CRCF regulation emerges a

integrity risks stemming from policies incentivising

Finally, as Chha gthe r tghhareed iisn no pricing of emissions a

bi omass extraction from | and; whatcihng nr ulne sc,0 mbe nwalt ti o |
being exempted from any carbon price whibDll /clolulnti Tilge

Advisory Board previously recommended to initiate ex

agricultural/food and LULUCF sectors t o Adivciesnariy iBsoea rfc
2024)
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7. &Far ming carbon on agricul tural | and

7.4.1 Need

The EU's agricultural |l and can contribute to removals
l'iving biomass through a variety of management pract
accurately assess their i mpacts.

Despite a slight decrease in tOAdJVi saogrryi cRid @ d jad 2 U 2adn)de

still accounted for approximately 38% (157 million he
to the |l atest |l of addii ali ot a#®ii fnthih@agbobhgt hwot ot al  and ai
manage | and as we)oderdd aas acst Heé&r. 9f ar ml and %hoBu ruossetda tf,or
2022)

Currently, EU agr i cudtthuarna It hseogjihle se ommieta | Mo hewmE®s iod n et
from agricultural l and dechi 2®&d5ftemmMdR@EBEEA 7D0 2W cOO
Remai amhgsions are highly concenr(@.ag.eddriai mad tgeattleadn
|l ocatmd tihmer n), Eevepet hough organic soils account for |
ard&E ASAC, 2022b; ThBCca2bdac)osses from soil cultivat

by climate clamrdd,@ rrecatsabnlgy drought frequencyEBAd decr
2024

As a major user of | andc,antlteoenEWU i dagrtiec ulot uvreano vsad st ari r
CQin agricultural Keprhstiaoda dii ofodasads®t ry and a range
management spircehc taiscecsover cropping, certain crop rotat
manageihns€eap 2t ormoadet ai | ed )dhess cprairptt ioofn t he wi der | ssue
and avabflamidl intoyni tbr ghlgi gt ed pSeeviio@®is Chya p(tGese i |

carbon | osses and sequestration potenti al are not ful
fraction fiodt Emlosltanadd3 % f or f or est 4i iasndacfcaur alteeslsy froornictr
soil carbon changes .G Asnvae nrteosruilets, fnaaitli othoaladGE&Hjuatel y
with Iikely unreported | osses in croplandBelalnas sienm et
al ., . D222 )f rom peatl ands, particularly from Beaws |y de

et al .Apa&r0t22f)r.om s oisli gecna rfbiocna nftl ugxueasn,t irteineas ni ru nbbiepma ¢ <
(EEA, 2023

The agricul tural sector can also support removal s in
(e. g. throggh BECE®eeing up agricultural l and for I a
potenleigl wetland restoration and afforestation

I'n addition to increasing removals on agricul tural | a
indirectly by supptlgi ngfpdosemgieiciec€@hbubo@Ravinchandr an e
al ., .2p684) example, agricultural bi omass can be used
input forRcCBEEESR SacdltsiopgB n turn, crop yield can be incre
as a soil amendment , de (Ceéhmdid)rdgg roinc utlhteu rtayl p ew aosft es opirlo d u
be used as feedstock for bi ogas production through a
upgraded to biomethane, it releasesthavnel dtbeetgppur
and then stored eith@sed epnpodeac tas f@Clh) bdo per manent |

2ln 20x2,09pEW grasslands acrcoemdhganion!l yoi2s ofantdhgrtastsdlandr ap e
bujtointly emidt €dnfdd gMtaG& | ands on mineraldedadivles e(d9 &% neft tsh
38 Mt CO2 in 2022, r esweiniissfooinrsa#alln doiig® s BEdEfA nndedt0 2 3 b))
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geol ogi cal formations, in which case it results in r
removals indirectly by freeing up | and for | and uses
restoration a,wdtéf faetde@sngaptoitoemt i al t (@ e@eacpotearnsd)let si nk
Given the-ihtghsiagpdof hndeshetk EtanmrhnhbutrnedisctiooGHG
in the production|l andptodcwmftde esrubpsft ant iladndarfears lodnd
uses with high seqhudsisatryoBopotdentiO2HK)

7.4.2 Status and policy gaps

The primary EU policy i mstcrewomersti otnlsatanglowvernos all and n
sector is the LULUCF regul ati o®,ctwhoidthl2ei semasprdeedofn
section provides an assessment of ot her EWepbbrcies
emi ssions and removals in the agricultural sector, wh
regul atdoode al BHhreope afmadmfotrek strategy.

Despite providing some opportunities tothmai GARI msan

currently overal/l mi saligned Warmhketiobarbmbeadsi akenhance
The key policy impacting EU agricultural land is the
whereas the current CAP does provide some opportunit.i
sector, futalygnedt with EU c¢climate goals and ddes not
EUDS s | anfdAdsi sbhsy BoaOpdpor2@a4)mi esmimcltaedai rements ur
enhanced co,ndiitcihoncadultdy mai nt ai e cato@nr beonnh asitc@c klsandCur
enhanced conditionality includes the requirement t o
weltanadnsd peatl ands (GAEC2), and to ensure minimum soil
schemes, Member States can encour agseecftaermoivnag spr ascutcihc e
agroforestry, lram@wstdt ppgt baAnavet and the establnshment ,

use of gtBGs|l 20Béwpite these opportunities, several s
its potenti al to maintasepcaadbenhahoekt hEi E’DEBY )] asdve
schedierscl udi ng t he di dceocntt ibnausei ct op asyunpepnobrste nGsH G ea nadg rl iacnudl
practsiuccehs as the cultivation of organic soils and || iwv
(Kortleve ,ett haelr.e,by2®ad4)cour aging changes in (eamgd use
afforestation and(Adviaodyr BeopwodgtyRPodmd4c rauirsthemempy e,
to the volunt ar y crhetmerse amfd ttthee daac k of incentives f o
these i n an ambeivteinoiunsa bwoaty ciegt(tteaibm t i on and | mpl.ement at
Previous assessmentsnhavemnmadm@ygants tlhmdert h@GAPs woul d o
' imited mitigati AdousopomeBoircecpe@®24adassessment for t
Commi s(ECo n)e024 nah etdeur r ens r EA® qains ¢ o u BdAMtE@el iaveetr
reducti ons opferwhyiecahi 2 2t et QUL UBktss¢tressed thae this i
based amnge-l evelhi gl sFu mpatlil oyn s .t he dE U ushoanse t rloetc emmi tnli ynu m
requirements under the enhanced conditionality frame
mai ntain and enhance {(EBEE, Ef@GIbERrndnbagapd sink

I'n January 2024, the Advi stighey Bpaocmdi mege croenvneqniderd afs t

align it with the EU c¢limate targets, which could inc
(ii) moving towards mandatory good practices that suj
andi() shifting CAP support away from GHGensrst emsi ve
product s, removal s, environmental ( Adkvivd areys Bmdhde, c oh®:
Advisory Board intends to publish a dedicated repor

adaptation act i-fomod ns echte¢ PEdN hasg@ O Y 5 BTohaip sdl, i c2y0 2ddi)r ect i on
echoed ssnatd@iloguefudnurtehafi Ewlhdutirghl i ghts the urgent
transtiotwigamndc!| i mate resilient agriculture, in response
sustainabilitC,and024esilience (
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The CRCF regulation certifies carbon farming, activi
capt,mame empehsasiint egrating policies | ike-otffes @GAR tad irge
economic outputs with sustainability goals, offering

As pres€map®lée he CRCF regul ation recognises two types

emi ssion reduction and (ii) practi cegcsaptthuarte raensdu ltte nipno I
storage in biogenic carbon pool s. BotThhearci tiecaiifomab
car bon fmrradtoipeeas es opportunitiebrdowgh ftahenesabei at omea
credits (e.g. i nbwtol aomas ywimalm keha)l|l enges when consi
uncertainties and the competing economic purposes of
underline that the EU has a strategicaguicndhmECiaht ease
2024)i s interest is partly reflected in removals qual

Chaptewrot ably t hostbkeuardtaitfeidcatoi on of net carfFbodi mhgnef.i
synergies andoflfismibteitnwge eerr aldeend and bi omass economic ou
shoul d become an objective for the E&cpdlaibhye IICRICEgr at

regulation invites such policy integration by pointi
potenti al sources of (i) financial rewards to far mer
provi si on -roefl arteendo vaadivciessoraynd eccapaci ty buil ding.

TheUb6s Soi l Deal for Europe mission aims to promote |
carbont faces ckhght dimgmsai |l asdbrid i gyalfivtnydi ng mi salignr
fragmented policies, and the | ack of binding standard
Under the Horizon Europe progr amme, the EU pursues cu
to soils. The main goal of the 0Soil Deal for Europebd
soil s t hrough research @ndabsnawat ischnowic@aiseisngt,o 1b0e

devel opment of a harmonised framework for soil monitoc
eight objectives of the mission( BEG, t200 2hognpssesrevses noerngta noi
mi ssions conducted i n 20 2a3nds hsoeweedr aplr oanri esai(siE @ ,orre €l thipta 9o v
I'n the context of thhiRossi Deal sfoucEesovpeld in, among ot
|l abs, i ntegratisngr atipltepinmsi fsun@de®r amd i ncreasing soil |
(PrepsoiThe 2a024a)s for i mprovement include: availabildi
progress, funding gaps and misalignment of resources
clarity on how to effectiwwmalky ngnspdrand efsrca g mmeereteesda ndno idl e
policies, and the absence of binding requirements or
across MembEC, SRafas)

The Farm to For k Strategy promotes soi l car bon seq
reduction of f ood waesatransaathido satsiugls!| iagchrtoss s monitoring

under CAP, LULUCEF, CRCF, andi st hreo tS ori dbf i | Deglcatinegdf dirng B U r b @& e
which constitutes a major policy gap.

The Farm to FBCk 3S36Putntcghged t he carbon farming initia:
enhancing soil carbon sequestration and |l aid the gro
circular bioeconomy includiuwmg |bissoagd mantyv ecraceebd nkeiciaa @ $ u t e
produce bioenergy, -Ibiasfedr tcihleinziecrasl,s. anfchebisarategy re
monitoring soil carbon stocks and fluxes, as well as
nitrogen ansd)amilo snphtoersu aaill aeack doaft adeato support the tre
economy, particularly concerning the tracking of bi ocg
harmom@at a definitions, spati al and tempor al resol ut
sources. The objectives of the Farm to Fork Strategy
share of organic farming to 2d%Wchageycat bhen abmene¢hietr & f
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demand for | and eithweer e aelindoed EfUcDra@hbirowaldt ur al pr odu
parallel. The Farm to Fork Strategy |l acks a binding
objectives. For example, the strategy sets an objecti
but the proposed amendments to the Waste KrAadnveiwsoorrky Di
Board,. 2024)

Whi laelvanced geospatial data systems already support
definitions, met hodol ogi es, and resolutions wunder mi neé
tackled thanks to the adoption of the pwoposed Soil N

The data challenge highlighted in the Far m-rteod aRRoerdk St
policies and measures, including the CAP, the LULUCF
for Europe. A €h anpettet m @ercet d7 oiBb o v e, EU has a few existir
measures to ensure that sufficient quality data is av
is particularly wuseful for trackisgctremovalseefthange
inventory and activity |l evels e.g., for LULUCF and C
include:

|l and cover datasets from the Copernicus Land Moni

bi omass stock estimates from the ESA Climate Chan
fire emissions from the European Forest Fire Info
|l and cover/soil carbanddbdse and @apseragg. Area fra
at mospheric GHG odpaetranifcruossm Atthmeo spher,i canMloni t ori ng S
data systems supporting CAP e. g. I ntegrated Admini
Il dentification System.

=A =4 8 -8 -8 -8

Théntegrated Administratcdoomnt ad mdb a®@ardtcredd r | yusl tteumn a | ac
relevant for both CAP and LULUCF policy. It is subj ec
reliability. The Land iRerndedalf ilecdse mtgirfiicaud ttiuam | Sy satnedm r e
on farmersd decl armt émoperall eohataa nS-aseEEAAt.20833 b} s

Whil e technical capacities to monitor | and uses and
i mproving, the use dfnalviadibmthd er altag h Admirrciest rati on ar
andand Par cel |l denftadesathahl eSygdem umsattiomed weank of
definitions, resolutions, a(nJdR C me t2h0o2ddobl, o gEE A, Thh eyt ha
i mpl emengag s ompartly refl ective to the EU and nati or
fragmented when it comes to | and. Experts and practit
delivery and improved coll aborati owe rbted rwe einn sEtairtt tht i ook
policym&EAr)s.2024

7.3 ntegrating policies and enhanclioncgalc!| i1
communities

7.5.1 Need

Climate change is wundermining the L WLUWCFt oseicritoeg dsi fci
di stur barchwmlsdf i res anmhée&dneasgbl scanas nstream adaptatic
|l and mana®emeny.integr-atipna mmidedg samgt i al to protect,
enhance the EU®s | and sink.
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As expl @ianpede niS8act Vv gthhe i mpact s o funcdleirniahteee LcthLalhCgFe s ect o
capacity to function as a carbon sink. Climate <chancg
storms, droughts and pest outbreaks, reducing the car
and threatening seheilme €.dhd sy sctoent e xt , the European CI
highlighted the need for adaptive | andemanageameadi s a
measures thatwiade gpo6 WEAIhe EWE24ant egrated approach reqgl
climate resilience objectives into sectoral policies
climate risks during (tHeeggpol ied.yihadreegi iR h@Elealset o preve
mal adaptation, which occurs when adaptation measur es
change, shi ft O(EEAcaP@dMmawi mg sdo@mmmuniatdyapt ati on appr
incorporating |l ocal khegwuedagd!l andi shsububhgon of bene
crucial to avo(BRuetlaePad@dapt ati on

I ntegrating adafpdr@tmoaml| eaansquadeescti @rs andnmbkaadres mul t

addi themafits (Chapter 3). Policy instruments that g
adaptive measures can create a positive feedback | oop
financi al incentives nidait adapt ahbageparviephettloy epd s ictoivwes
i mpacbonl bbal climate through biophysical effects ik

roughness, potential ly (I\Wweardkienrgk teot adeltgh mwngall 2 2c)yoeorl @ nigs L
about the relative infl uence,whfi cahf fnoirgehstt gstRiess rugairmmit negn |

al ., .T2oelnft)egr ated 1 andheoEUciaee therefore context de
met hods also carry somedirisédsegrdiascivei vgl hecabasinhg L
thamwmrdonodadophese met hods, and increasew telixipolsulrecadlo
communities miglCthalp@eunfamiliar (

Policy integration is a complex process ai med at i mp
sectors and | eveKsi bf eBhemamel2@da@ptati on can gui de t
| aswkl ated policies alongside the need to balance th

resources and achieve cl-emahemi bi djSeettivasSyd.)and soci

7.5.2 Status and policy gaps

EU polafcfieecsti ng | andhaared sloie&dfreara g ment enchviemduf fi ci ent |
addredscl i ning carbon sinks, climate risks and biodiyv
Currentel ptodd ci es are fragmented, l'imiting their eff
as declining carbon sinks, <climate adalpasath een arnedc ebn tc

advankkcyedt he NaturkeawREWI oR@R®KO) ef [tehcet ebdi oiecond BY, str at
20LBUt remains i nKefyf ipdinecdtivedsen gcrABED | ( & Bckc t ¥V 67R.).4

As introSsdaotedBi@requiremantadifng use g estfifoimaisesntilsy nottr
anoperationahtdsedonflicting demands arise from incons
Moreowere, its only | imited evidenceULU&CHh tmbeidohplde mant
Art & fREDI (BPttcher .EaoHl prizdh®y) of emissions and ot
t o bi omass extr,acn i oambirnar iloamdati it ihg it rhdell &zd repo | i cy
inconsi stesnditMmeaduwe essur es on  and anThebiprmassssurrees oa
exacerdwmdtifie weoanpl i ance meé bledbhWSMsr éagsu [waetlilond $ met s s hc
horiiz.@e® 3(CAdvi sory Board, 2024)

The upcoming update of thetBY bedbe€C&Romgtharr apepoyt ani
furtlhherde | aptoeld cy i ntegration and could be used to enh
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carbon sinkdsmoptombfecient biomass use in |ine with
that uls@&@ndleci si ons deliver synergies across environmer

The European Cl i mahien tLegvnoafteligiumartees adaptati on across p
resilience $dygriOfg@pasadmatimaddr essed.

The European Cli matteontLawuomandptegress i n enhanci ng
strengthening resilienct Aranidtl eedquei ngsvMémeerbbl ategs
i mpl ement national adaptation strategies and plans, t
such as agriculture, water and food syanedmecoalyengmwi
based s ollhuetaiwvodnss | mpl ement ati oBUad ap tsaspip@ imwhg yc hb y atylse out
pol i cy maiemsst rteoam cl i mat &€ Ua paapitin@tynigont o areesdtld eantc lsiomat
by 20B0O, 20Zhb}y strategy emphas, siesclilimnd cwagteraengd adapt
sol utiinotnos a wi der range of policy areas

Temainstrieamiaefjyl edlaedrenRebeOEQt i pO@XBEWwe cl i mate adap
one of the key obj ecnatviersen satlnodr amhii@cohe prteagfuy rtegsner gi es  wi
change mitigation, climate change adaptation, l and de
prioritise restoratoopBlmhmeasNatsr acRestdomagt iyon Law has
in August of 2024, and the firsitmd®@@26. nature restor a

The CRCF regul ation speciafrieensd btnht ati nr eamonveault rad-t iivmptaicet:
benefits aligned with sustainabil ity oibdjoeecst invets ,r eignucilr
that removal activities acti,wal yhcambiat bahnegBlp pcolliincayt
given the need to (eaaceforrvexampl e, s&Ger(mMmaha3dhvironn
Chapt)er

The revised LULPDCF 2@ega8bhbptses that Member States shol

measures into national policies and therebwekRerequi.
synergies between climate mitigation and adaptation,
vulnerability of |l and. Mor eover, the regul a@lbonorequi
signi fi émmitn chiapglme when devel opi(nKg rtolsasior edo mgl.i,a n2c0e2 3p; |
201B®MMgmber &tatabsotdetfjegratte | and use considerations
st ratm@ @ins , ensuring alignment with theegtudragedatosn saentd a.t
ef f oshar iremgul at iTohne updated NECPs ar e expected t o i nt

restoration measures into theEEALUROCZHFAaRdEUAgYS ESSMe it
t heur o pCeoaammmi ssi on md sttt dof tdhreatf t updated NECPs do not st
and action on |l and and that very few Member States sh
LUL UtC&r giempsl e ment p(tH BOAY, gRaépe 4 @haspal & r

Moreovet beforts ar ednderceessss arhye tcoompl exi ty of risk owne
are-owoed by the EU and its Meenbrerr &$ po ®ms icboidleirdta imehst regn
response across mu |l t i( EIEA, g.cA@&4 redsnsci ena@V etvheidssce bott | et
reqguires more ambitious and transformative action to
risks are considered from a pol tien'l s memd@pitiscomm aetd alc
2017; EEAUNnc2 0224 dner shiepl i aamd er o nc owromi u mieanst y2| o& € a k

i mpl emerntfattddapt ani ost r eami o Imgapueae sAEEA 02 0C2Adenat e
change adaptati omisndoelpdi beaoreanes atéJl dtaemdl pol i cies, in
CRCFegul (@4 é ® Grad [st®e.r
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I mpl ement antaitoincarmdzlpt at i on ntehaasl ul deensgeci téhoender val uati on o
nat ureel apoesdi ti ve ext @myhlael dit i efset mnpgl anni ng.

Ef fective I mphemeatabtabi @i strategies faces signifi
underval uat ircen adfeemafop o s5i c,asgap) hlti hgdutreodp eiam Cl i mat e
Asses s(nkeEnAt, .RO2dsa)t herefore positive that the EU taxon

actions significantly contributing to climate change
ecosys(tkeUns 2023a)addi ti on, economic valwuation of natu
(Eur ost pats, welOl21)as EUGs emerging approachctediEiCpdi ver
2024emdn further plr osmeod es mlau tuiren s, and s wmppmoer alEsU ef f

sustainably.

National policies often fail to adooptsoan si,natrfiedgofiastiesdgt s
narrowly on objectives I|Iike carbon sequestration or e
ecosystem(rseexi lei,ggnge Bel and Lindahl.Fetr akamp@R8me ¥t el
plans in the EU opertetheaos)shoimi¢ctyaoalges hgergnabi i mby et
change i mpacts, such as shifts in spdE&iC¢és.2di28tni buti o

To align uwiotpf€Ehthhmat e tLhedataimr e Rest baqateil goiodldacd,eecs t o

adopt -aeromnpgperspective targeting climate neutrality,
and beydmrdcdur atlleqo Kiomgvadalt a and projectionsi mduced sent
risks and i mprove disaster response to threats |like w

EU | and monitoring faces signifFoadMonhshobdaemthheags. Th
Soil Moni t oReisnig iLeamg o ul d be adopt edhed¢ ad dtrheasts tthheeys e
shortcotmimagtagh meendief i nitrahemonandri ng $rameworKk

As expl @ianpetde riSsec tdafodBnd., 4cr ent -reEdnil taommrdi Nng practices sho
shortcomings, partiantdaatgtiraatyaheuse@iktkd mnestsoonab. Th
inventories frequently rely on outdated dat a, del ay
managemeKmotr osuo et al ., 2023; EMansosniigagd i @y alyst e@®28Nn
Copernicus Emergency oddMaohgaementheS&uviope anEDropgan Ob
Forest Fire | nf oarnmattihoen ESuyrsotpeera®p FbebdeAVvalttuaByet emr |
ofdroughts, wildfires ammodniftl@noigdisg mHowfetven ,| 4 dle stehe dep
required for ful-makiimamdr meadk dlieai moomwminsed repdqrEtEiAng r ul
2024 a)Mdvetmb ex at es |l ack regul ar soil inventories, cr
understanding soi |( EEAr bpod2d heéyrcerdi crmet hbodbdbdE@e som

observation with ground dat a-tdame hrnisdgehttshiisntgap,heo fdf

forest carbon sink. These upgrades, mandated under tl
forthcoming | egamd astordén amnd nfgoerse shti encei ti cal for rever
decline | amsdn&e £EPe cficarl d syt doddalsamdés et al ., 2022=e Kor ost

ChapteeFThe profposManitoandgMoni toawsgould be adopted wi
fur tader

I ncreased climate and compounded i mpacts in the | and
costl ycommdd ti ons mor e woahkhglelsdbasedemen initiative of t
Commi ssion's Climate aRessbl l ewvee aDeralcad astwo pilee tionsur
increase recovery after disasters, which requires sig
I ncreased climaheobsazaclderisk t he.Brasdtdersdst abphi ¢tyeve
manual wor ker s tshuacth weosr ki no ua gsriidpaurl et uarles oa nidn cfroeraessitnrgyl vy
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high temperatures and there is currently no overarch

defi maxianum temperature (ECCRD 2024) . I n agriculture
public support of an array of instruments, including
but subsidies for risk prelbthi ams(nSacrhewanrozte aavnadi | Saubslhec hiem |
EU funds for disaster relief are | imited and represen
evelfltEs OPA, ZBe3Lli mate Resilience Dialogue awaghe ini
set up to discuss ways to ndrCldwnat lee Relsiimateamcpr Ot ed
proposevd dEUcatastrophe insurance scheme would be ke
benefits across regions, compl ementi,ndugr idwaetse naornd yred
(policy Heawever, it would require a-omdanitrh@aftulwofud dd ma

a credible risk transfer ¢&l OPApn2Dba@aB)tackling major

Fundi ngdafpotrata on in the LULUCF fand sadrairc slhtarE® osfe ctthoe
funding allocations and eligibility <criteria should
adaptation.

Adaptation in the wider | and sector is addressed thro
the European Agricul tur alt hreu nEu rfoopre aRwu rRael g i Doenvaelh @DOpenveenlt o,
the Cohes(iBBA,FUD@2s4 awe | | a-sch dme L Afiegeacn iivhoed® 2t we e n

2014 and 2020, it is estimated that adaptation acti vi
14 billion to EUR 62 billion throuNé&sIEiU tSteTuhceh lur al 2 (
summary otfr &CtAdP@ins2 0f 2230 2(7E C, Zhdwrs) that | ess than 2% of
all ocated to ri sKlkemenagemeentmétadd |lwsdthhoemeEur opean | nvesH
BankEl B, e20P2 toaft ke t ot al annual ardeagpdaea pi orRi Matvelsy mEOR
billionlanmudadl dyglinng tspeci fic expenditures for cli matf
due to the European Commi ssion's methods, which ofte
adaptation objectives. This lack of tramesp@Akdinicyyorn y f

Board,. 2024)

Funding all ocations andi redrigase |t hg weiglbit maattes hroibdiid
managemadbnt rish ot i memet iad@a pE@ds on needs. For exampl e,

of cl-n enmit lei ent crop varieties, -esfufp pcaretnitn gi rirni vgeastti noennt
encouraging af forestation and reforestation activit
bi odsiivteyr coul d be prioritised t(hEBDA,gHN2 X2hdebs)e funding m

7. @ummary of EU policy assessment
Tabl®ummsrsi the policy assessment carried out in this
status aFnodr gtahpes .| att er , it uses the same dowatdgyEODf

climate neutrality: progre¥advpebirgyy Bgpaps,al2d2dpportu
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Table 17 Summary of the EU policy assessment of Chapter 7
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and inconsistenci
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habitat . : Natura 2000 sites, gen¢
. . car broonch habitat . .
directi directives have not yet
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8 Accelerating innovation and raising public awareness

1 A diverse portfolio of removal method s can help accelerate and manage trade -offs. To
stay competitive and prosperous, the EU needs to scale upa diverse portfolio of removal
methods combining solutions with significant mitigation potential across different technology
readiness levels

9 Public supportis needed in all four stages of innovation.  Advancing removal method s from
low readiness levels towards maturity, requires policymakers to apply targeted policy mixes
along the four main stages of the innovation process:

1 emergence 0 support for foundational research to evaluate feasibility, environmental
impacts, and mitigation potential,

2 early adoption 0 targeted support to bridge funding gaps and establish early -market
incentives, fostering initial uptake,

3  diffusion & support in scaling up, including the development of supply chains, skill -
building, and market integration ,

4  stabilisation 0 long-term regulatory predictability to support the formation of large-
scale projects that are financially sustainable.

9 Current innovation funding is insufficient. EU funding into innovation for removals, so far
mainly supported by Horizon Europe and the Innovation Fund, remains fragmented and
insufficient to enable a rapid and sustainable scale-up of removals.

1 Public awareness requires increased efforts. Societal engagement and knowledge diffusion
through information sharing are necessary to increase public awarenesso f r e mo via |
achieving EUG s amldtolinfoonypolicids jarel projectg. e s

8. 1ntroducti on

Achi ewnieit@r o meadegati ve emi ssions requires accel erati
removands i ntensifying taondvatveodaonado tscuepsptogr t depl oy ment

A rapndl s ustsaciad peb l®dmo s a Is neteiedhé emi ssi on reduction p
consistehe WRatihs akhgrpbaegnad key role in achieving the
Cli mat(easL adv s CuaptBar i n

Scalupngodmosianl | i néhewiEtUh Cl i mate Law poses a significa
per manent r emovuarlrse nwth egrieo btahle, rcamoaal lesd i Mia@@di scul e

(Smith et.Daldicaté@4)support policies supporting inno
technol ogi cal adpeaenclkeasad lamadt epbhentdraibviegoni fi cant co
reductlinontshe case of technol ogies I|ike solar phot ovo

reductions and deployment rates thatKrheayveetc.clrfi®ei s20Ind)
early adopti-ap ahdt scwthibdhigigviee sd pcwvann cnoesatn f ast er transi
be morefdest i ve as pr erceedsuscetsi odirsi vai(ndga nccoesttl). a t Taht oufgzh2

patterns of innovation and tdef paceaof os(eMalrhodhtargd oagn de
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Schmidt,me2aoaft,mp potenti al for cost reduct(isoéhesa patlesro v a

2.Tocasl e up CDR, innovativeoadtmpviotvye ndedeftfociernerys iaf
di fferent Sméthoegd al ., 2024)

Toef fecsicatkegmpyalt here i s a need for a di vaesrssoec ipaotretdf o |
with idiosyncratic strengths and | imitations.

Re movmét hoaddse currently at varyiwd fetagesneds mandr mb
feasi(bsi€bap?.erThis diversity supports the need to pro
their technol ogs cealaclhpotrembival met hod varies -in tec
effectiveness, seqguweadatgtecabandnassapaic&@ydpl).Eaksher mor e,
deploying a diversmepbotiléaolgiadt ecsf t hemo Vv &lkrse laisssroacd ad re da
single gg@PCCaco@@ehyding differences in storage dur at

chal l,engred environment al i mitations

The success fGHIGnistciagtientigomofl ogi es requires a robust i nn
by targeted policieandfimaastamédnimeakahiosher coll abor a
technol ogies are already being deployed, ot hers r ema
substanti al i nvestdemadansatmdarn ¢ ®omaa sthr uct ur e. Mor eover,
access and soci al acceptance is vital tacn da v i d acaddtirtc
i npiunt o the policy design andTlhiempfloel nheonwti antgi osne cptri oochess see
stat@GH®échnol ogies, the stages of their devenleocepdment ,
tde addressed to unlock their full potential in contr

8. 2ncreasing the readiness of diverse rel

8.2.1 Need

Achi evimggative emi ssions requires accelerating t he
efficiency and reduce costadbhedspmeymeds. for | ow
Remowalt hadse at dif faemdlentit 8 gpel i cies need to addres
specirélated to the applicat(isodids apeArt hiesvei-meggatiaetvleo gi
emi ssions requiresemboreattapdsio wdr admen gc wrfrentl y in their

of devel(@llpapsteearmn 8. Ther ef or e, there is a need top accel
i mproving efficiency and reduati og opadbhéessal ecebsts T
devel opment of these technologies depends on shifts i
which requires t arGeetled PRADILi8cy Nminkeet si entn oavla.t,i 020 P8 m)ces
necessatlnyn philfity&emg@dsan be summarised in four disti
early adoptionstadif(flum@®,0.B22a0tk3a& g es pheacsi fi ¢ needs that ¢
explored bel ow

1.The emergence stamge hotlchamacalrireadi hgsdmdvehiegb
uncertainties, requires targeted research and pol i c)

The emergence stageeti mnatts deosw rTeRosv awhi ch are in the
innovation process and require further research to be
mitigation potenti al

Thecfus should be on technologies with the potenti al
positive agspiolslsovwvreurlg i pl e sector s, such as advancement
effects can reshamree eetxe shtdwgonmas kand drive the emer ge
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tr

aj edtCampipoa i e.t Fadr. ,i n2sOt2a2n)c e, integrating satellite

can enhance the monitosjngfbdbériregmowmal eprnoetdbatce|jveinrn
inpgPbham and Saner, 2021;. Mpwecent iaals pBdrl loe/hsehfoded Ide ct s

consi dhaarrgd,cul ahéyi wheinal appewaakent |l eaage spillover e
justify pol i(cSyt eiprhtaenr vee n tail o n, 20 2.1;ToKosl vedpro/r&tb otphee n 1 1 .
remomatt h6de®m the emergence stage to early adoption, p

invest ment costs and uncertainties associated with pi

gr
(1

ant s;prpouwhaltiec partner shi ps anodt hreerv eprosses i-gu et il doemnsaensda ma
PCC,. 2023e)

Figure 24 Stages of socio-technical transition processes

Processes

+ Research, development and
demonstration

Processes + Successes and frequent failures
= From mainstream to publi lici
dominant ublic poficles

+ Support for research,

+ Phase-out of old )
development, and demonstration

technologies, system

Public policies S Emergence ——
+ Technology standards and ...-" \
prohibitions Positive feedbacks

Barriers to change
+ High investment costs
* High uncertainties and risks

+ Support for displaced

& accelerating change
workers and industries s
[J

* Economic: declining costs
L relative to performance
Stabilisation o « Technical: expanding
infrastructure networks
* Social: increasing public
familiarity and acceptance
* Political: emerging industry
support and interest
groups

Early adoption

Processes

» Initial growth in protected niches

+ Cost reductions, performance gains

+ Reduction of technology uncertainties

Barriers to change

* Cross-sectoral
interactions

* Displacement of affected
workers, asset owners

Public policies

+ Market incentives: subsidies quotas

Processes + Government procurement and tenders
+ Fast diffusion rates

= Restructuring of institutions /
behaviour, and infrastructure

Diffusion

Public policies Barriers to change

- Infrastructured evelopment * Low public acceptance

« Revised ('-"- * Continued mismatch with
requlatory framework networks, institutions,

behaviours

* Political opposition from
dominant market actors

» Enhancement of financial flows

Source: IPCC(2023e)

2.

The early adopteimomnmadtthaoigdesc w$es on reducing uncertair
0

removals performance and enabling incremental i mpr
e second stage of the innovatriemonmpeiohctedssst, arae | gyt alda
mi ddl e TRLs. Progressing towards t he next stage
certainties, |l owering operating costs and enhanci n¢
option is induced itrhneo vparto coenspsuliln fwohriccehs ddermavned i n n
optaiodgyl i ncrement al i mprovements inasebéegnniand peo

occur faster for technologi(dgitklhati tare 2@@duyl &r udb
| son etEfafe¢ct 2wda 6pol i cy mixes at this stage of the
centives such as subahdiheslledvnedr amgar kpeutb | g wwo tparsoc ur em
ndeGeel s et al.,. 2017; Il PCC, 2022n)
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3. The diffusion stdegpé¢oymbgassroeat Wdree el sakniderhetat i ng
val ue samai mecessitates institutional changes.

The third stage,r ednofwiad $ iad s ,mi idn ¢ Isu d2wrhi nNTgRLt he tdhief f usi o
policy focusfrsohnoudidr eschti ffi nanci al support during th
infrastructure deployment and f sctallipdgpl eggendi ft ou dirc
down csotsrtesngt hening s&ndit e alteivred opanleméeé chai ncl R@GA, cap:
2023Teh)i s stage is often the most visible a@EK9%hltgri ves
a Pk 09.

4. The stabilisation stage i nvol vsecsalteh ed esptl arpdmemdil soaft i
met hodanyempor ar y nreetnhoovdasl ar e at thitdhestrageal abweé v e
constrained by ,MRIVard add mmegteisti on and a | ack of 1inc

The fourth stage irmrsemcduwmebtincadksdt soppowhieng systems ar e

(Andersen and GuMbnwhadésen,t 020 2dda)mo vaallrseady depl oyed gl

their scalability i sMRYamitoed byl aadeod nped c i caagn

per manen€kapt2ant8 .

8.2.2 Status and policy gaps
Re mo vrelt hsxcan be cl assified denarsltyalgeree meati egnorieasi ness
readidbeasssed on their deployment maturity.

Re mo vneelt h ocdasn be grouped in three broad categories,
depl oymenstt.agkeartleechnol ogi es include technol ocagnides t ha
devel opmenb seagemine their f(eNaesmehti lett yald. h,é 2ZpOeld8ean)mi a
readiness category includes technologies that are cur

devel opment to prove their (dfPfCctHIVgEB@lls nasd tedbane |
are already establisdard, aldregpd dy@lth@ @ o rethdtdooibaevse 1 | even
these mature ctadakmrolchgsldschngaess hi gh nMRWeceaatsectodr | an
removals

Eardtyagemowalt hoidnscl ude met hods feushah |,@ %0 coecaenanal kal i ni s
anenhanced weathering, are inaederelgwi dretveéopmesteastih
address environment al uncertainties and feasibility.
Desptiteheoreti cal potenti al of ocean fertilisation anc
a very early stagecef. amoneifry ppeetnag ctail &l dfeed olyareqe i s C
by significant environment al uncertainties, including
chemistry and i mpav¥isgian bndamaelieogaleRdn 3. .elnisg (

di scusEhadpBaurdft her research i s needed to assess the

consequences of both methods.

Enhanced weat hernmenghaitds am remdwalreadi ness | evel, whicl
address wuncertainties related to 4Hteasn beiflfie(citH G@m\eisrsc
202.ZEf)vironment al concerns, such as potenti al i mpact s
been adequate(l(lRFugsesetalathreidé R6€EaGY demdrsdb nmay or even ca
out removals undef Rtcgopauhosoertdi 8l ons20138,; Rinder and

Research on membahaeds emovelntl y alGurareneéarploy i €ti @ge.on
primari IC®Iltiklegayti ng met hane removand edrfdeif Bowahieéeed é un o
al . ,.2024)
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Medi um remnemowmakbhaddcs| ude met hods s ucahn th © cPeanCdC Sf,a BeECC S

chall enges, including funding gaps and high costs.

The tr aoMsnnawati ve technologies, such as removals, fr
is notoriously ditfefd cwd# | ey d6 Nesthe etf etr rellubl 2@18andi ng
hel pridek meedadimmess technologi es, providing financi al

that showcase the techaswolrdgly e tda mabsi.l iAt isd gg nii f irceaanlt f
EU for climate projects;thgaphat tl ¢ thtes dterveetl iogenmesvtad pd
met h¢dAslvi sory Bolle drieua@dli2ndeysovmatl hedsald so face specific c

Maj or $taoc rtieepmenaDACCS at scale incl ude,hhiiggdhs(éeaneer gy r |
Chap®Qxeamd infrastructural constraingesGhapBepAr mawesmalek
scale projects currently exist in regiopres altfiidkam dtlihtey ,Un
Ma mmoit h | cleda nnda mempée mdecapaci t POOFf t & neersn wfCIGOMe wor ks,
202%phis far below the scale requ,i rteldo ufgohs caallganrpgeo¢ @ ot
with a capacidfy rod mav &blNstisCen Ilyaetag st ages of inception
online (ilnEA,02250 25 ; OnePoint Five, 2025)

BECC&8ssgessed at a similar | evel of technatsggsmentdsne
di ffer armedsessmdindienst aer tBEEIClC&8chnobhogi ensr e( sn@wauprtde r
Whil e BECCS is operational at s malDe nsmaa IK¢est, thhegali annl dys i
anéweden, significant barriers to scaling up remain.
bi omass to avoid negative I mpacte& aopnff)ecran hen edifnilcs earcd
energy c omrweletssiel,, 20 ft)he i nfrastr-sacalbeedppbaegpdehnor
Ch a p Q)e.r

I'n the cas¢ehmdi hiolalarengedeploo yreemlreditien gi ok pt didec d lae g e
field wdwmnidalkisl,i t goglirsteedatonocki wandadihai ncewaidsse farm
adoptiamgd itthe | hamyr wlfysi s f aci I[whciocelrst r ai Eupopducti on
(Kenneth M°Il |l ersten, .2022; Fridahl et al ., 2023)

Hi grheadi memsewalt hoidiscl ude soi l carbon sequestration, a
refor esatnalltmpornoved forest manhagémeBEU policy frameworKk
| i miitrecdenti ves for tmeithegpsegmpaimi temdder t he CAP.

As descrChaptetihre LULUCF sector is the only sector whi
vol umes of medhovhesonly one where removal options are
at a |l arge scale at relatively |l ow costs in the near
met hods such as soil carbon ¢ ¢ oue srteafad roensnt, a tniad ru raen d eis|
forest ma nHogweemeenrt,. as descri béhdapit@ bmmde tHdJe apdl iicry

framework currently only provides | imited incentives

T The LULUCF regulation sets binding targets for Me

LULUCF sector, but relies on nationat maeasootsr éesu
in sufficient action at national | eyredt troemdevalverb:
2030 Ststedon. 2

T The absamcEBUopgricing instrument that prices emissio
sector, in combination with i ncenthavvees sfkoerwebd ofmansasn

incentives away from providing remov alnsd earnmdi nteo w ahred
net sink in theSddtLWULCH. Zector (see
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T The CAP all ows Membepli 8tsieesest with carbon sequestr
i mpact depends on the extent to whi S htMember St ate

T The Natur e Rersetgourhetmilseerr Savat es t o take measures whi
increase net removals in the | and sector, but its
Member St at es & ainndp |feufned@detdt i obh. 2

f Direct EU support for removals through other fundi
Sectbofl. 2

8.3 ncreaB&bhgspRrnding to I mprove competit:i

8.3.1 Need

Financi alnesuppedrstt r ategically all ocatad taldrdoweghs thamrga
across all stages of the innovation process.

Earsltyage technol ogies often carry high |l evels of risk
private( EC,nanh@BBHl)i ¢ funding is critical during this p
activities, addressienw@rd he mhbahameat t matsk deter s proi
(Mazzucat.®ubRRiOdA5Y undi ng support i s necessary in the
commer ci al i sratsikonr mterdolvdrénsd at tr act private investment.
include the devel opment of supply <chains, essential

permitting and regul at oOhya p&)peprr ov al processes (see

To enhance the effectiveness of public interventions
actively strengthen coll aborations bet weoemepehlchb in
devel opment andRO&mPonmssttirtauttiioomal devel opment and suppc
|l earning from experience and eMatmatabao andoBbamrerietl
Recognizing this, over the past two decadfesndfioeeg e has
energy (RMeE&XIing et al., 2022; Goldstein et al., 2020
2024)

For themBWUal toedbtempet,thEWeneeds tpubhicceasfdumpdiivat e
ofi nnovation.

To stay cormHeE mits vieorn meempdaslhe EU needs to provide s

towards innovation. Overalli &UbtIpteawdg étg afowBGRResas nnov
countlriiRees nat lmemdUX dtheasve i ncr el@&De di nttheenisri tR potenti al
EU at a disadvantage in strategic s(eAkdwirsorlyi ko acrldi,ma

Draghi ,Mo0e2 4)han 30% of toposcigemiit eiibautpehkei ddlt iaon sag
i nnovative soluti ons( Adovri solreya nBdtaasadhin®2l0o2gdi)part due t o
funding gapafominpgr opeotvercome the 6évalley of deathd
scal &ublic funding on innovation has al so-2s7tdasg nGDXPed o
in 2021 compared wl7nohs OGDBP % aocfk tihne 22001 1, despi te the
technol ogi es a(cAdwiss arlyy Beartd,r s2024)

8.3.2 Status and policy gaps
Sl ow and complex EU funding mechani smcaptskdmomiat i ng
mar ket .

The Advisory Bolayidg hhlaisg hptreedoihobuese & g gfdositnnovati on i n cli
mitigation technologies to address fundi.fhg sg awass farl osno
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emphasiitsheed r2rceqieip0 Advi sory Board, . 2Ba@dti ©rhaghdingoRknas
can be slow to react to the rapidly (Adoli sionyg Gloabadl
Meckling et wvaHi.gh 20&2m® )| ead t o ntiosusheddh dep p drhteu nE Udise sa ba
compete in the removal mar ket . Mor eover, EU funding
which can hinder accescSAdwirsogmalBoar dgntZpde;c s@mwmaghi ,
assesses the available EU funding( s wunmmseudeebidtys f or r en

Hori zon Europe, the EU's primary research and innovat
climate initiatives but allmnemndwalt homsted direct fund

Hori zon EuEW@®i mar y hfundi ng programme for research an
OofEURBRS5.5 billiok02drpkdrcio2d®® 1Europe prwowviddesangppoft TE
and thematic areas, and diverse policy intervention t
mitigation technol ogi es,CQirnecniowtailng teéahhehggngs tborde
amount of f unfdormegnopradwsitche d C@Udé mogp djrect s often provic
broadeseant bdgedhi dh vaesls es shryenAlde i sor y nB o a a tluensd ethlea t
Hori zon CEwrs¢gee cd i mat e, enebdWR, Oadiod loiffolnin dwatbyu dget e d

f oGCS/ QCWLjEEECs 2hakanopradbj ects may have benefit.ted dir
Temporamypymali hods may havesbmaedbHUR AR If loifcunn dimadje

avai fabime-202idnderHorhigwomomessi on 6a soi.lt diesalufolre&urtbo@
extent thwid dfpypmoditng emovals, with direct funding for |
giwveédbr oeard scopkbcowogeemopabj ects have diFoergampmndbenef it
estimate BURBDEtl lvaidsn made Bwoasluppbet carbonwiftahmiheg I

aim of consaecviemagi agdsoi l o(rEgCGa, n i 260u205ddir)bh g n r g teemolw satl sf or
may haalvbee eanv ai | abt BHamidzaon Eurddfpeer Clrudsusetrry Q¢Ga&misd CCU pr
(for efroguwesdadnadn forestry, Obeanshiasdwagrnocul asssessed
The | ack ofunmaeidnmg at enda kreesmoivtal shal |l enging to assess t}

proviusdheeér Hor i.zoWh ikfadvipseor yh i BjJdeav als a sisnedsisenaetnetde r egi on
OofEURbIi | bf ohh e 0202 baaodgled broadlyr bmomatl Raddmtecftof undi n
f orre moymdtshods, which along with CCS for activities v
shoulpriboeriti sed -®€\Cévibdadtstmearl |f csdudvisbetaanld f | i ksehloyr ttthalfl s

|l eveesded t o dup vef ar sammhiieet s oAn gaampgdl ysi s of Horizon E
by Carbon @apfida wogani sation promdéobiumg athendedd 1f0r
(@round HBWR ldBiInt)h e2 022022 bandde @ .a%%BEWVR 127 onfi Itlhied 022042 3
budget was allocated {(€wabos Gameca&bblgpaj ecter propos
in September 2024, provides a welcome stemowievlerdedi
wi thudgoefdn EWJRGmi | ltihfeandi ng asmmUBC, 1.380241 )

The LI FE programme offers | immnewelidhoedst support towa

LI'FE is the EU's funding programme supporting green i

EU@svironment, <climate action, nature conservation al
suppacritean, circunaut mald €edomamye in | ine with the obj e
Deal . With a budget alloca202h, of h&EaURr dgrdarbmd |lii©onopen
o f al l sizes, p ucbilviicl asuotchioertiiytni cetrsiytaynakEnsidaét fi boynisn gt o undi ng
projiem titshreg® UR-10 mi IAllitddmwugh LI FE supports a nmautltitude
promot-eneooative technologies, there imebhbdslghof ded
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| ewwslses¥mént he fundds 6286 Bsbhooawsd nfhoarh e2 OB Ri. lwtin| ff o n
funding may have beemappooji adcectds ftolratp aisrad ikrl gc thlayn,d f aid d ©
cases directly, relate taq ragm0Bd&hisl.loifCvieundiheg swane pro
to support CCS pr ojpeatmantemat. rmano viad rse f i t

The&ur opean I nnovaamnaownrEo(poemamneislt mmanthl ay a role in supp
i nnovation, but strongeirnc®oppdroenradvwaltnhad ds needed

The European I nnovation Council plays a significant
articular focus on supporting breakthrough innovatio
arsltyage research and cOGmMmeceli at ascatj oaoneTbe Ehe thre
hEeur opean I nnoyvaits osip&€oiufnicédl |y designed t oVhssupport
h&ur opean I nnovmad odi rCoaitnicaitl sluepp otretmeod @ ¢ pvi ® jhe cat s,
ontri bEURo®MI bfFianbitwmcha(E@yr optéheelrlti®s been | i mited fun
emouval diaitmepl ement aTheougaiphlget, whil eEWRIMD.slt amitlilail o m,t
till significantly | ower Ubhhtk chgdamériatisl det (eBy eangchiie s i
027 enhanaeregatnhiesiamp adicnts c o el dfcoorocredi nat i oBurwiptehant he
nvest memtar Ftuhed Eur opean | ©&v e sapnnde ngt rBeanngke h e@ma gihtea |
unding envirofhmedni sonyEBoapd, (20mp4d ;e nzmd @hii,on2 @Q2ad))

- = N - O = ~ DO T

The European I nvestment Fund i s dedisc ateeld etnd es pppoees
fostering Th dmohhast iaors.i gni fi cant r ol,eu@mls esnuopmmd htoidrsg i nn
by providing acceasdtar amméde eenpoaveirti alg pambilaitd oinmst i t u
pr omot ibamkd to provide more capital to innovative and
The funddés investments are structured across six then

The I nnovatepaor Fant CrChi mg dfodgrey hewhobcshcur es the fundos
on scaling up removal s

The EU's I nnovation FurmikdETUS etso rewemnarets deoar Kchrei sati o
i n enienrtgeynsi ve industries. I n 2022, the fund received
significant | imitation given the substanti alfy EEElAndi ng

2023hh)e total fuwddeagemdaon atthe carbon price.EURSsumMin;
THetrCOesults in an EBUYRO0 mbiodrde voeorftuasdsn 02 0 2 Og otion ¢g2h0E300
Innovati otho Faumwer the devel opment of a wide range of
remosvyaDemand for funding consistent!| Jnguwirtpha sesach aoali
being over sudwalru dteidormanrdesul t s s hohwa vneg tgegeosde t geuda |bietcya ups
of a | alkcablbé¢ BEERJI 2§ 25¢e)

Since,a2h2litg v e | a S°odtshdfemresh tpr oj e ¢ ts ug @rethfiacs! iisdu pagproa u redd

2rojects CCeSIl atoecdl 1t ong aboéaEC, ERRBRDB8eB|I i &t eonot expli
as a separately reported grE€Ca @M 2MMme@k faohddedieyatsaedtf
remomalt hodwhi ch al ongctwi vtht iCES Wioti t i gat o ro nl dardtudedh at i v
be prioritisedCO¥eullidmihtert feostsppe|jeitatsemamabpply for
asremoypyalbjects are evaluafie@ambi thramatdesep)tanh@gdgo®r moni t
dashboardismhowsl dirercé mosusglrdr tasty Béhéei | lawar d @ed t he

EU contributions wdrl e E demtjiefcite d aftradm stehaisi ng @eogdesrtds r el

& and conserdiadti loaihhbss! iasysessment should be treated as indic
%EU contributions werlenniodeant igpfiriogfde oftl s adm it talpea & ey wor ds r el ev:
removals, e.g., 0CCS6, oOcarbon captured6, obiochard6. This ac
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StockBBLC®S pamglexpdfoont t he otphreed pmionaercttlsy focussed on
projeEE€Cs 2025e)

The Connecting bPburaype amacsillpiptoyr th onrgd eceri a&fQ& asttactur e
support permanent removals

The Connecting Europe Facility is an EU -Huwrnodpenagn i ns
net works, focusing on transport, energyomatihddgital [
fundi ngboardeegisnGO astructure necessary for met hods | ik
revisell MmM&EdNut hei €onpnectingsbkEppopes FaniC®strwesport and
storage nAethvbehasl assdshemedannefct i ng [Euo pppoertt BPadiiloi ty
i ndesc atthat ween2 @M 21t he r e gwblo nmiohilaisEblhRocat ed t owards su
CQinfrast{ELCct 202 50b)

The NER300O programme failed to realise any CCS projec
rigid funding rules and adverse mar ket conditions.

The NER300 programme, eETiSb lwassh e dn tuennddeerd Ittdoedfdrod sit a rag e
projects for CCS and rene¢wabMaes enmerregly atfe cehmi o$l $oiegoi re G 0

all owances that wmeeaenet rsaoslsde Bfvreo BT Btehee eEvlal uat i on of t he
programme by the Eurog&&£Lm, Chdwglhd )iogfh tAsu dtihtaotr sno success
werreeal i sed undeesrpi NER3 0O, ambitious goal of facilitat

projects,wbhbyimaoVvmtive renewabl e drmdrisghyo gtt e cohfn otl hoegiire si na
i mpaGntl.y one CCS profgE&B8OMOWA inalar déehde second,whalch for

was not comellkeydbarriers identified include adverse |
mar ket prices, and i nadequat e segubamendatiiramewonksé
enhanced internal coordination among European Commi
structures to ensure better coherence in supporting s

The Strategic Energy Technology Plands has a signifi
governments, industry and research organisations

Th&ratEigirdeyce hnoPbagwn i s an initiatiiwe 2l0DWwn cwhietdh btyh et ha
accelerating the devel opwantboanenee glyd §i mmshintod ogli @emo t €
coll aboration between government s, industry and resea
the effectiveness of clean t ¢gcECnol2d0RiBaugrtéioecsl wstlespdeh
10 actions for research €€8 Alntnloaopladihtosnehlefone onfotwhai odh r

of funding, it strengthens coll aborations across diff
The Recovery and Resi | itehngcree efmacainlid t ¢i gsiutpgplofttimamaigt i c
i nnovadtfihoonuugh o mMeynb&ewt es haver eimocvhaltdlregpdrsoj ect s i n the
recovery and resilience plans.

The Recovery and Resilience Facility 1is thMenbiuerropean

S ates in recover-idgphndemt be w8VekrDrd rgirvoiwt gh h & ohergonu g h

and digital transitions. As part of thefaBUdlslt e ataaer
substant i oirnfnuonvdaitnigon i n gr een rteencohmmeot! hooftlesemb &raitnecsl udi n
are encouraged to integrate these technologies into
recei viiinnanci al supposc¢alteo pdreovjed cotPdH Getami agtes (| B@GSU 260 2 2 C ;

%EU contributions were identified from tuhse &y woreedise vnagntEur o
for removal s,,teagspolthd&o6,asosCsment should be treated as in
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Domor enokAhi2¢pe v ¢l as’ods $ mebnotarsteé mser Shakeded projects
t o emomat hoas trtkeeciorvery and .Sésiclei 2024, plEaBs 845 r migl bino 0
of fumas nmeen faobCB8caneé&dcar bon man,agwehmecnht nmaeya sbuerneesf i t p
removaanlds ,EUR 2, 8RR Do dotréed/am i ous RkRicodiystemssiytaysah i ch may
benefit tempo(rBEaG,y 2rOe2nBonv)al s

I n the context of meet ihreg Atdive s Epdr§esvB ooairsmayt er egcocanhnse n dte d
consider continuing t her eacpopvreorayc ha nodf rtbheey b ¢ @ m{QEm2té aci |
di scusSedtsiagiTre framework is financed by common debt
boost EU public investment, strengthen the EUd&isover
could also provide furt heup foufn drienngo vtaol ss uapnpdo rtth et hnee csecsas

Table 18 Overview of the existing and past EU funding instruments available to potentially
support innovation in temporary and permanent removals

Progranm Peric Type o Funding strea Fundi
remova

Hori zon 202102 PermanerCl i mentee ,g ymoabniddGC @ y 1,040
Europe andSC@rojects, ini

BECCSE
Hori zon 202102 TemporarHori zon Europe mi ¢ 423
Europe Europed
EU LI FE 202002 Per manerFundi rCgcSf @m oj ect s 15
EU LI FE 20202 TemporarFunding for wvari ol 1,414

forests, wetlands,
I nnovati202102 Per manerFunding awarded t ¢ 3,92
fund management project
Recover y202102 Per manerFunding allocated 4,845
Resntee management measur ¢
Facil ity
Recover y202102 TemporarFunding allocated 2,920
Resilier ecosystem and bi oc¢
Facil ity
Connecti202102 PermanerFunding for carbot 572
Eur opet ¥ storage infrastruc
NER300O 202302 PermanerFundi ng awarded t« 300

whi c ht ewamsi nat ed.
Source: Advisory Board estimates

Note : Funding amounts presented here are indicative, based on a high-level assessment of instrument budgets and project
portfolios. Figuresreflect the total funding made available that could potentially support removals. As discussed in section 8.3.2,
while some of this funding may directly or indirectly benefit removals, it is likely that removals only accounted for a small share of

2’EWRecovwaeirdy Resilience Plans were revihawedott@enitdahtdiyf s ufppmod
For exBEwoR7Bwas all ocatedsupp®etméahk&rcygegncy, green hetating al
all funding is relevant for removals and figures should be
removals are |likely only a subset.
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the funding. Where possible specific funding calls that are relevant forremovals have been identified but, in some casesproader
categories have been used, where only a subset ofthe funding volumes are relevant for removals

The EU, despite recognising remowiatlSsé aisnsar eggagarndts y, |
anflunding, risking its competitiveness in a growing n

The EU | agsCabnedha naddndt hBehdetiens t er ms @fadtushhdcaged to RD&D
remowmet hodas s hrown2rSieneven though the EU has acknowl
fundamBb&BlFi ofhea ypatt erwi tihs rse ¢gnd d dasr mbfannrt d iomfg f or RD&D

removNorst h Ameirn caontrast, i mae sl ené mtelneo vvad ys iorver t he |
(Smith et. alThis 28R8parity in funding <could have si
competitiveness in the ememigtiSnegtagase macvab mabkggerashtah
capital i nceosutl @lenf orod its | eadi n(g)RC,sG2a0i3o2ng ui enn ttlhye, itn
EU risks falling behind in technological advancements

Figure 25 Active grants and f unding for research in removals by region

Active grants (number) Funding (USD million)

1,200 200

900 _—III. 150

2010 2013 2016 2019 2022 2010 2013 2016 2019 2022

W Europe North America  ® China Asia W Africa Latin America M Oceania

Source: Smith et al. (2024), Key Indicator 2.2 (and related funding data) in Chapter 2

Note: The authors note several limitations to the estimates provided in this figures, which suggest these are likelyunderestimates,
including uncertainties on the comprehensiveness of funding data for some regions, such as Latin AmericaAfrica, and Asia

8. £Enhancnowl kdge di ffusion and public aws
8.4.1 Need

Public awareness, trust and engagement are critical
met heodsequiring inclusive communication and public pe

Todevelop and deploy removals ,svh$ tmaiyn adbilfyf,er p udbelpiecn dp e
peopbpésificvalomeasexdarsd beliefs,amadcdr d S midkt hu nedte raslt.o, o d2

The awareness and perception of removals impact the
poli(lirGC,. 2PR2KRIfi)c awareness of the opportunities anc
removal sd role inzdrhos geapsitl gnl bw sdafddredMsEsherPer cep

States, removal met hods and théeowregimalof gagds Merb
Countries havepaliiftfiecraeln tp rseofcerreemocvesst hfdods hde f uf ietr eentt al .
For example, failed CCS mpewg ercdisati end tthtey piassuas iweldo
schemes, i ncl ucld e algv alndEmneecnhta @h svhea mpepebdkt r ast in proje
devel speorportandacCcké&n offBECt.i 2@22n)
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At | ocal and rrengd poenoajl e cstcsa lweisl,| need to consider | ocal
procedur §dErjanstieteAtcordi@ag)atnagglteheof sdbc amk (Fa glue pt anc

2B soci al acde pntae b aicelsdg det er mined by the percepti
stakeholpe@emas i ng on t hr esoaopagln tdicrmdnsinansket and c¢ommu
(W¢gstenhagen and .MeRe adhteitng , s@®il&l) acceptance is cri
remowalt hpalsd t hi s requires knowl edge diffusion to b
participation gnprdestce slsm na dnda ktiinon, public engagement
i mpl ementation to ensure that all the re(lNMawaz &thoall.e
2023)

Figure 26 The "triangle of social acceptance"

Socio-political acceptance
* Of technologies and policies

Social
Acceptance

Community Acceptance Market Acceptance
* Procedural justice + Consumers

* Distributional justice * Investors

* Trust + Intra-firm

Source: Adapted from ( W¢, st enhagen et al ., 2007)

A faief aedti-upssgmdreted with multidisciplinary resear
public parits cnpeadednt o ensurien stolté aad p pdciicfefpd raemote a f
met hods

Explicit att ewrdgtu otnir @ e iegmti ttyo abot h soci al acceptance
policymalPCeg. 292f83a@aguarding of the tdireteritpmeicedal adl i
and reswotatiweol ve both | egi stlhaetait venahd a(nMaEatl lheey e b c
and Heffromfhe30h8)e expected to play a key role in cre

climate policy measur es, and wilE. g.onbet watee t @ moacl
participation and tebhholmagyi caarli see¥ daitc otEhedydrfeegsse nt go
approgacPredes ovics. et al ., 2024)

Healeeay024)pdbint to the importance of as Ly ximogyradach ¢
adsuni quecoanpd et e sociotechnical proposition, i nsepar al
contbtex8haring technical, institutional, and soci al e X
accelerate the tl rereaemmli emrge notfarevMreo miah s. p rbog relcyt o newstelairc h
percepdafremeval s i ndh&adepst abthilaléi tdyi f f er ent removal me t
bet ween socioeconomic groups, and public awareness an
and trust woattihoyn sa ppfl it(hflsses mett hald s, 2018; .BeFlulranhye ran
multidisciplinary research on public perception of r
devel opmeataun et al., 2021; Bellamy and Raimi, 2023,
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8.4.2 Satus and gaps

Thenhdustcair bthanagement emplagesigy he i mportance of public
engagement , proposing actions such as engaging c¢comml
integrating public input into policy making.

Themmdustaritachmanage mtemdt eghi ch covers a broader range of

CCSedicates a section to public perception and recogl
of i ndustri al carbon management solutions is require
businesGEC,asz2GTHhw) strategy outlines a series of actio
Member States to take to boost public awareness and t

i speci fying operationg ansrrpdirtti cannsd fsotror@@e projects
commun;i ties

1 working with industryantdavair reokesmsds ep LKkinloiwd edgleat e on
car hmmagement

1 monitoring public opinion on industrial carbon man
surveys

i using exunssta nsgt ifroul ate public debate and increase p
ofi ndustri al car;bon management

i contributing to tthheapubhiat debat ecat l evel by shar
from projects it supports, incluBNEBHg under the | nn

i including public percepfundi ng@ppcegr amnkla rrbeasneiam a th
management

i engaging public aut homiotgioevse,r npmreonjteaclt aodr egvaenii espaét ri somcsi
befor e, during and after the policymaking and proj

These actions echo the growi ngn btoldey iongros ctilenmtieif fiitcs p
engageménhth | ocal communities and cooperative governa
(Smith et dahey 2a0286é)r efodfhbendihset rcioamlc | wasri mmsmmawoalgemgnt
group dedicated to the apmudb3IQCCI BPCECABREIphtd Miné foofg NCAGU on o
i mport grudd iocf awaeregrapaitsanadn | mp.dhrd aeftf esedtbipt hkassr i al

carbon mamageamwdémgty depeindgdn d nt heo wo ut | iinmepd eantdtoi twendse rar e

it has not beenppbgapdl er tionawistshis sttheen ceiveisdence avail al
8. Bummary of EU policy assessment
Tabl®Bummsersi the policy assessment carried out in this
status amnod gahpes.l atter, it uses the same GgpatogyEODf

climate neutrality: progreéfAdvpeslorgyy Boaps,ard2dpportu

Table 19 Summary of the EU policy assessment of Chapter 8

Policy Status and inconsistenci

Supports a broa:
research and i
including for ¢

Hor i zon
Eur ope

Limited focus on schAl il
amb i tg aopn
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and inconsistenci

Provides suppor

ET o .
S | owar bon technolLimited focus on schAli:l
Innovatincludin CCS ramb i tgiaopn
R g ) g aop
removal s.
The European |In
alms.to foster I nsufficient focusnedam;o:
particular focu . .
. l imited funding compar
breakthrough i ni
Ot her counterparts; strength¢
European | nvest
. . EI C and EI B Group coul ¢
provides dedlca‘to esatrd gye fAii nceement at i
small aneéimedi u & mep

enterprises.
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9 Securing the CO; infrastructure 6 availability and resilience

i BECCS and DACCSare dependent on the availability of CO , transport and storage
infrastructure . Two permanent removal methods, BECCS and DACGSely on CO;, transport
and storage infrastructure, which is only emerging at EU level. Apart from these methods, the
CGO; infrastructure can serve emissionreductions and CCU

1 Investments in storage capacity need to be accelerated. By 2030, an estimatedEUR9.2-12.2
billion i s needed to rraeget tof 50 milion Eobh@ss of annual operational
CQ; injection capacity and develop corresponding CO;, transport infrastructure, with further
investments needed for carbon capture and long-term operation and expansion of the
infrastructure. Policy, regulatory and price signals are currently too weak to stimulate
investment.

1 EU rules for CO; infrastructure are not yet fit for purpose . The EU lacks rulesprioritising
infrastructure for removals and addressing disparities in CO, storage access. The EU does not
have a comprehensive map of its CO, storage potential and does not yet measure CO;
infrastructure buildout and contribution to reaching net zero by 2050 while ensuring resilience
of the assets to climate change.

1 Enhanced EU-level coordination is needed. The EU should coordinate efforts to secure
sufficient availability of CO» infrastructure to support permanent removals and reduction of
emissions from activities with currently no or limited mitigation alternatives.

9 Coordination builds on a harmonised regulatory framework. Coordinated efforts include
setting up a harmonised and predictable regulatory framework to ensure efficiency,
environmental integrity, climate resilience and safety for CO; infrastructure while expediting
permitting and addressing public concerns. Storage potential mapping, cross-border planning
and progress tracking could help ensure access to CQ storage infrastructure where it is
needed.

I EU funds are key in the early phases of establishing the infrastructure. EU funds will play
a critical role in supporting pioneering projects and catalysing the roll -out of CO transport and
storage infrastructure enabling permanent removals.

9.1 ntroducti on

Th&Ub6s transport amdrasorageul® i s not ready for t hi
removals nectelssanyg hifoewveamentzeod and .nefTo newqgaddiereat e

infrastructure dewelecdponeeot ¢c e mther &EIU chal l enges. These
invest ment costs, policy issues, regulatory gaps, and

As permanent removals through CCS t ecduwnto,] otgh eeys fracaec hs e
obstacles that are common to nascent mar ket s., These
infrastcapgtuwure, transport,. and storage assets (see

Figafjeand include high investment costs as well as re
mar ket bOBCri.20284i)
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Figure 27 Types of infrastructure across CO » value chains

Fossil carbon sources

Direct air Biomass-fuelled (e.g. gas, cement)
capture processes =3 Emission reduction
CO, Sources @ @ g
O e
Ship Tanker
CO, Transport VVWJW a L~
Pipeline
CO, Storage i
(utilisation) @
Geological formation Long-lived Short-lived products*
(onshore or offshore) products* (e.g. chemicals, fuels)

=2 Emission delay

Source: Advisory Board

Note: *the permanence of removals in certain products depends on the useful lifetime of the product and typical storage duration,
asexplained in chapter 2.

I n 2023, |l ess thand i Mg / ytearedfge€d ogically (BCthe EuU
2023cAs of March 202x4,r atntsgroeg twermned/ ©F GCO@®,amag e prndjeect
constr,dotri oan t ot al estimated storage capacitpeof mo r
operational in the EU, |l cel.dodraadhNbobhwazUpayea@BQebdr o
ofinjecapaci tyahyg 20B86ihddesriopmpgan Commi sshahdde®sCOmat e
transpor tcomudtoamp kt,30007 km by that dat e, 2adwmdrralslt riurcy ars
excluding caips ue sttidmavdiccle sheW Bve 2 na nldi 1112i. @2n( B, 2DBD4z)

Al | segmexitng rafst COQctur,evhacé amtf erclk isnk @ Moetsatbnieyn ts tdoerca gse
antdtransport projects reflecwhEtUhemnttersdddemadd bDarg
consi det laviacinlsabit i agspbdbr CO@bBTEC o taBgees i. dleiRmR2t3f9i nanci a
costsjnfCOastruct uvirret einssrieseesongc@ressures on(l REGAG, ene
2022o0nNd is exposed(EBAcl.Rhate) ali saksassociated with ec
l'inked tomhoageeame@0O value chdiElCs &2mM® 4jzgb creati on

Todayods high degree of wuncertai ntwalhwmenpcelrainng iis vieisn ke
to future prChapde mpmlakvsai(lsaebei {ICICtSy defc amdmo ni ¢ &lf i ssoapt i
et al but2®2 k)ogwl ithhye &EUrection, regulatory (€a@mdwor k

Forum, .20RWBcpolicy neddcdeatoi evercomsei der ed -sactaleach s
infrastrooatu(éent,epaombooantdyosuref)hatcée vEddsal i ng of
CCS and riesmoivmml ist s, eahéyfestagesf tthidnsi tdhdptsetragiess dm
infrastructure is planned, built and put into operat.

9. EnablingmfCG@&structure through EU policy

9.2.1 Need
EU policy needs to give tocshupE®g nif naess r mepariuerved ngthian ge
mitigation deterrence, ensurimgusestfitciaeasi tuosa.of reso
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Matching EU emission sources with transport and stor
dependtshBlh i ncluding | egal requirements, comds® i ance 1
managempont eyg. , Hef fron et .lanl .t he2 éftnBtyvarles,n €@ s 20818 )

reductmagnesmpet e for access to CCS snéarhststuategeéc de
regarding the whel itnaiteekisi tgdgagdearatdiuens o pol i cyfouncert a
examwkeeghi mgsarktktenefi ts of Qq@&LC,v e2rOskwdsz aGIGS ti on, accor
pl amsderinthstcarimdhhanagemnstemat egy and 2040 t amogdt, CcOo mmu n
transport and st drhagse eixnpfercahsetrdgmtdcee ur e ur rents ilndkedtyi e
enabl eespoioe emission reduct(iEcCn rZi@iZtemno delalni mee nroevsad Ist
EU plans depend omubgeiciadmeampt yobentai hengakirndigni ma vy

determining t he c eenipf oescittiivoen doefcacbehi sedt hal aevditiscihci t y

technol ogi es wil | -cdoosntii,memtiees tfruatlu reen e(rEgaya hs yasntde nsal dei r a,
Luderer et lah. ad@duxizgennt devVE@ODtporeamge osites is uneven
across ,fEairwipreg just t(r@lnesan iMAdinr cbansckerfosr ce, 20240b)

9.2.2 Status and policy gaps

EU policy provides signals regsacradien @Qtihnef rmstcesusituy e
However, it does not targetr eCMMSaildcf embssuuoBuremMuowno:l
activitieg witM tread miti gation alternative

Beyond carbon pricing under the EU ETS, EU policy so
necessidgiynfofasGQ ucture hagn@0BB0Me amee dhsft @mm dhrgeer e n@O t r ans
capackE€Cy 2024z, 202Bk; h&®, akRd@4leai d out sever al rul es
integrity of @CES, i 2aGabelnastuir-d mgderr ocssl | abprraajt@loths i n C
2022)

The need t goc atpatrugreet t&&x hnol ogi es to emission sources t
mentioned in the EU policy but ha€CSoobitnhnonsgtbodeear
heavy indust  r(yBatsaielxlpeg nediinrigl t he 2I00@2114 hmdéwéossedct buelbby 2
i s expected (Adbesoaydiea&iUd ET)S ECi, r 20Od i39EeLh a v6su,c h a s

t hEE¥Eregul a(tBlWw,n 20k er o I nd&EUry 2@ ee)he CCS directi v
di scriminate agai atshhatt heo wlodirire sd eod a rCOo( mainsbe d i wint hgoaupt)

such as power generation, despite the signalling that
oOhard to abate sectors, such as parts of industry
direct electrification is, currently, technically

reclbabf tEhe eTgE)N.at i on

I n ihdestcaribadaan age memdat egy, t he Eureonpveiashahg@bdsmimiss snuach as
Mt G@ mi ssi ons f r otmhptoovsesri Is efcutedrs, imostly fossil gas pow
captured®(imC,205Mm84z)east 15 | arge (rat eMW)e lceocnbru sctail o no t
pl ants across the E®WUoohravree creeicveend: | ay( Ee@yrpn2i0eZihm)s s€0Fgest
thatréeéehieanbpowér sectam@€Oli ILC&l ong t he-fluiefle asfset 8s ain

met hane | eakage, despite the fact -bhstedtbkeeehadiscintoy
decarboni sed ;erfeorrg & kst Ieyor y Board recommends bal anci
demand thmoaghil f(lAedxviibsiolriyt iBeos#Ve ¢ dn 20R2d3 sugaquesseti ng m

of fosdgihpecowas bROGAAdIdVI sor,y B@ardstyives uealdroessni du al

Assuming fossil gas gemeRrdsi 60Wwd &IOd obe od mi6tOt e €Ot 0 generate 2
energy.
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emi ssfiroonms activities with no or Ilni ntihtiiesdd ¢nw nttpapstit i ione atl |
European Commi ssi on premoseidondet adledi-0o@0 i rgmaedmagprsd ¢

i mpl emented at sector al l evel , taking intBChac2zo2hz) t
which is Armtcl@®&nef wthb European Climate Law.

COo infrastructure is crucial for corfinecptlidagi ompohre
CQinfrastructure s heorud rdg y f od fl foiwc i teme ya n dbier stha sperdi n@n pl
environment al i mpact assessments.

CQinfrastructure assets -edfiffifcaCr@tnicynspoms ohfrasbuucteu
capture sites with stordeceaetsirtag 8;h étel® steroa®ed pdoi rstp ewislel
need(eHdlol z et. aPi.pe®iedeey al ly the most mat ulregesamd el east
onshonptr £Osport, with shipping considers¢édRCheZ®d24&4H) so
mi neemicosts and di stuphspast fromuCOng needs to be car
the energy efficiency first principle, repo€geosing e
Forum, 6&Xd)90o.yo cattehre fpoossdibspengyedfcapture sites
uncertainty surrounding ;tubunspepoemi andr sbontargadrss gantl C@
manwawe mei gni ficant advasgt eegesecdvadrl ypiimeltihree i ni ti al p
(Becattini et al., 2022; Dziejlarakidi ¢t oal,. mi2023;si Higm
of capture through industri al hubs @nEACcI 262 2a;s RO, :
Wang, .2024)

Ef ficiency aspects comd hreesoupkteaeyi whenscompafidgffere
and transport modéeei giFoenexagypl € Biempslitithegse p f o YDrA&Nn t of
addi tional e n(elrugxy ecta.dadlc.is,t iRe0$2y3 )p ar t I pbhryc otmpes nesfaftiecdi ency
of fered by theofsi DAGGEh dcfthvax g iblaittc &ty s o ttroanGPor t and sto
infrastrusburee Raipnture has higher efficiency gains
transport i(nifR@G,t.rMT2n0=R 2oy Jpy ef f i ci e nacryd nfviirrsotn npernitnacli pil nep
assessment syianpfpriays ttroucGQur e projects as stipulated i n
gaianlssbem from Member St attheess Ecdo@oipgehrbad uroinngvictohunt ri es,
and | cendenrdpi nned by t he Euyaso pwealnl Eacso ntohne cUKAT e a

Di sparities in access to offshore COO storage raise
undleirmg the i mportance of developing onshoraj ussttor age
transition. skW hpedaMHEregyul at i on azedr @ hlen dNest ry Act encour
border infrastructure to entshiEUe pfrainrciapclceess sofandisaliicgen

Given that most storage capmpddisthyg Cies 260 plendtle dMetnob ebre St
wi || have the same ease Trhakissonacsagbso udo stphopeordiitoemat e b
o f decarboni sati on ffoorrj sas met o eaEmENtEtG eest. Ganvden 20 28) mo s
storage capacity is expeECed20@®dtbralllochl ede ali s h®tr &t e
same ease of access to those sites, raising concern

some counf oirjews tantdr(aEmsTIEtCi oent.Nak . al PtnB8podgehave the s
technol ogi caanld acnadusurnteg ease of acaoes sdt ocgosutnarra gees ptlhaac
not | ocated close to the North Sea notrado tchoenm rsaedruciatraalbil e

of onshoreael séd bengeppor tajnu gty tfrgaDzsiietjiaonski(see also 2«
Chap®er

The -Reto I ndustry Act requirest thinaek eEUa ld n dr eiatsso nMédrmiee r
develop the 2teaaspary CQfrastr-betdere,i nhcasdi ngt eres
into account the economic and environmental 8(kEeUnef i t s
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20247ehi s echopesdbthbée EU policy fr anteevpulkat inoon adbn g ftt
funding under the Connecting Eur ope Fa-<Erelgiutlyagdaedn ,t he
of the foaGQperrdjaect t o become /mupuaj ecdtretféfeed smmdre cl us

approach, byd hecesfhgi emt wuse of resources, Cly enabl
sources and storage sites via common infrastrducture a
The Iist of projectsaofdropemmbs boht evestl (PBteyest (PN

adds up to an overoaud tpdMal@@xedr cyatpaammigmyor e st orage sit
mor e ¢ihgohftf shor e (IE€CcarRi0@Ade-hbordes nature of such proje
pa-Eur opean pl anning and devel opamed® M| t bhal @fcbnadoerr pi ns
opportunity to also addmrnes®rblge éaseabtdo iveiobersi nSp alCec
need and dandiithib@®wd § hval ues of j(se@iapd)eand solidarity

CQ@management is an i Bporct amadnperigiyd 0 tEEiIUesv el -t Epbmg
ener gy anndf rCastructure pl anniimogt ainnd ldienvee | wo ptihe cBEU wvd s ma

Given therdeossnature and EU relevance of such projec
may be mosi f e Udoemiett h ere tohreb e v é | and evebhhBYad -tleornny

net wor k devel opment p | ta rye & negt, w odterivoew no p pheamlisdae g ui ded
infrastructure projects iTrhegas veern d pelde dtyr iacsistoyc i saitn coen ¢
transmission system operators f elre cetl Bicddrdityd ivtegpa saardd t dha
directive. The plans evolve tbecBpeopegtyhdyisnhedmgmat ed
yet rtef#wetcderroebor dce@Gnet wodknti fied as a pri oTEHyYy t hema

regulatnoea Th@G2 2amilsay an i mport-antr deol e o lahnadb oi onavsei sotnme n t
deci sions, i ncltuhdomg etch 0 g EBdhe i dydkaade @ éciotnys.i der ed unf i
for the-zBU®s tm@imbittiiomnt geap AdvihsompwtBdardvard recommert
on how t o (iAmpvriosvoer .yi tBoard, )

The -Heto I ndustry Actds goal of achieving 50 million
by 2030 enhances investor confishéenoen it SlpaowkWséi spec
infrastructure targets for r @ynsotvearhast i cco ud adt elnet i @ d n smad
progress tracking of COo infrastructure devel opment

effective i mplementation.

Pol i cysctaanr goeoto s t i nf-owmtsit rutctusepositli v&etbat ndthet pyop

recog@C8esstratzegiocteehnol ogi es amdksets opremklHdli toamrad et
injectionbovag@byt0B®, 20ZHey | egally binding target
irecti ont hEBUPasssdCiOmrgage needs and camf i deonmafmes.eCall meest or
hain..howet@®r speci fy that these capacities need to fi
r reduce @mits viidnersi lwii miht encd mi t i (garmb iotni drat gslaope)st | v e s
odddrtelses actuadt avggejefcttilmandagadéssgongui sh shetswedmr
eduction a(pmolrieamo vapd p)

- 5 O O o

Speci fic target si rufnrdees tpri tnmti inrge CfOo r removals tooul d be
clarifyiopgltileg BUiidmt at icdrear delineation between emi
reduction through CCS and CCU. The CCUS Forum has cal
of viable decarbonisation path@@YyS Rodui, k20%3a)ksi dua

The storage targets are reinforced by other EU measur
CQstorage capacity  oat tobxtitch @ of r itthcer i @3&Sh ed i B uercot pi evaen
Commi ssistm gloanp i-WiedanatlUas bE€ed2 dk4d mjgatf e wassdes s ment
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of thet oCQGpgeenti al aisn pRurth poeff utphdee g e c t sC @GSt @apn GAGS

Eur opee Wi lgdenborg .dthedlgUan20 b3mapr &C0e si tes and t o n
with pountes cagni vleev epsattotrest t er Vi e wanodf riebaspe ffiuttsur er om
economies of scdalheationatddieveh, @ambny Memberansd ates |
CCcus, BECCS and DACCS targeEG, i 220 Whie)iag tulpa att @rdg eNtESCP& |
hel pful in terms of policy monitoring, currepntly the
infrastruct utrteeU e deqvietl e £y Whaips) coul d be addressed by t
infrastructure capacity expansion based on the <carb
Commi ssion urnideect hee CR®smiwerd | amd spgradjuesc toda n@®ilh PCl
status and those fundedr wi hhoEdIS auastd fi ib&d goihar pr oc
monitoring can inform EU policy cycl e(sBorecnhaabrldtn,g 2c0o2r3

9. Betting regul atory framewonrfkr a sftarcuicltiut
devel opment and use

9.3.1 Need
ThEU needs to develop a predictable regul atohiyr dr amew
party acdcQeisnsf rtacstruct ut Ben\aisr avrernd ntagl cil ntmad reiatnddsi | i en

safety ofphtylsé c@0O assets. Permihepeagd nered ss u ot dian amiclei
infrastructure projects.

Since pamanadem®@®nt, notably | argeamd petldomageée¢ raintseo,r twi
a utility networxk nifrdwsdtrruyc,t umanysG@t s(IwegA, . 27d3Ha)t o b
regul ation aims to ehoewustef eompeenes ®nofanmdat ur al monop
are | itkheelaysei mf I afgasCOuqtlwme sas 2éAt2x3 ;. JThsekbow,dex007)

naturezionff rgé@tructure and the necessary economies of
and environmental standar dst haec nt@kdsshteolir s oMe mbenal St aR®45
et al ..Li ROWiBY e, t he amids kot dhfertcdoiamatr @ a | irnd g uwisrtesuct ur
re@ssessmennftr acsft r uct ur e nient woornkp | gepavsesrgneagngcdes tneddo elrygh  an d
Radke @hd21he Rddfisdoviysor yi Beavi d e, ) t h e nrdi sok hoefr claizmat
ton criticalr éaqtamrnassreuscstmiemdtr aosft ructure neénwennknpl gave
syst,easmssuggeasdtnadelrygh andamRda dtkhee (BREAISdvriysor FuBoaward, )
regul ation needs alsbr &ot reuxcpteudriet ebuGQ dout and operat
enviroamengeloaplsehoul d al so ensursat sbnabmged, panap &kcit! pt
condi obhohbe ground, and creatiadg i g mnidimoansd rfucrn utslee ofwunte!
| iendco ri sk shari hgnanrdW aki citiveesquad es regul atory i
and ovdHesfifgrhotn et al ., 2018). Robusitnfnroansittrourcitnugr ea npde rcfo
wi || be key to ensuring its Tamewvvierroonnmeennttadl iinntteeggriittyy a
CQnet wor ks, r etleyrinmgmaonna g domegn i ms¢ laoserel andr popshases, i
to their public percept(NondaodComan&elt obnMi desters, 2
Lezaun et. al ., 2021)

9.3.2 Status and policy gaps
ThEU | acks a compr e hfernasmevweo rrke gfua ecaithdirmyags i mygc tCOr e devel c

Since 2009, geol opasabegtudrad gad dify eGciBEW,E€CE50 WD h set s
permitting rules to ensure the saJfsettoyr aggred aerdv i prroensncel
transparentdi sodi momtory access to t he infrastruct
comprehensive r eguwll athdgrey efnrbavmaeewos KcJhoaniens , n 02t0a2b3l)y f or
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industrial remov ajuss easn da nfdo rt hcee-broeaqduei rr G@lo ocrrdoisnsat i on an
(EC, 20Rdad)emic and practitionersd insight-upntaadthe
operatieinnfofa<tOr uct ure hi ghl i, ghhd cthhearfeolaldadwiersg eals g enc
thsesction

a.ownership and competition,

b.environment,alr eisrathadgrsiatéye t vy ,

c.permitting,

d.monitoring and control,

e.allocation ofermski ahbidl Il byg
Di fferent models ofnbwastshcpuné &O&egqubriwhpbglvdevelbsespm
of regulatory intervention to safeguard competition.
Private ownership may sneetmosgtkscovnmmdrn ni i €6c't i nes
industri al emi ssion gleaadkboneo. tReegudedarieomnt 0G0 asset 0
backbopmi lCO i ne networks |l inking kegyJaeohes.teRB8QKBH drme ma
(onshore and;mpifgeslhiome) n&€tOwor ks coul d be (eownedstlohy aget
operator or a sepay atSetopbapeliasael bphelgatbo be owned by
for assets not I|linked to oil and( bJamrse fa,ctRUtVBARI)ieess fsruocnn
Uni tkk ehgdiomdi ca,i @ bhader to initiate widespread, commer
sequenti al ownership between government Gmwvernmenpri v

coul d iomint it dalel YCCS wy dlhwnee rdishhd tpgmansf erred t o ltalfeeapsr i vat
CCS evolves andg Heif$k oinsetedalced?2018)

Thi-pdrty access to major transpioadot negetwohl &stneendds ed oa ta
level . A cgmmadnt@Ostandard needs to be developed to
and unl ock economies of scal e.

Owner ship of essential facilities in carbon managemen
of compted itthomtnbeof net wor K iurei Irietgiudpsatr ¢@y darlticed s and unb
of capture amdttomramgseparctti vities may become tGiE essar y
di r ec(tBW,e 2O IbA)nt s t hird ptarranys paocrcte snsettwoor@& & and stor

countries, bound by the directive, have put procedur €
asséEL, 202Nem)erntheld esss | ittle experi emcse muistéthh such
CQtransport and storagebusfnassrmotialt ewbebombe amer ge
t hipradcr ty access will need to bectohied) 4 elvedct 20828l es
Regul ators wil/ al so plagdpplriod &t ii oon t dife KarwvmEdQoipsned t st
net wor kwitioglttes currently I[(pokiicy H@amphUngeeadl CO st andar
enable interoperability between ;fcarptaxemaWlé aw-spbar ge a
scal e-bordes transport i nfasdgteraumst Urmreont d(iiC€E®ledoCB@m,ur

2023b; EC, 2024z; .Simomse@m28R4al sugidh)etf h & amayp ty s
help to .geatlieyCasfabetwden the costs of purification

TheUI egal framewor k C&®p liincfarbal sete qua dr fiefrsiec i e n't resource
environment al safeguards hbhuodoeubhodbt enfgéipelsiemdd| g
adaptatitdheeand i enicef n&ds COUdamhkr € ngallslt utiiad n wi ¢@HI@ t i on
reducaebjoemcti ves

The necessitthenewngwppefilfyiciency first principle and run
embedded in the existiregerkyfil aiwsncyl &diab ¢2g0n2d8Bvhee h e
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environnmepnateatls essment (HUy e2 0Tlh2ee envi ronment al i mpact a
infrastructure projects wild.l become relevant for the
t he CQCRELCHFlI aAssort andal one reqwinve memtmeuwr d e rmpdailtré e cat si svees, s n
in transboundatdlye chbsaipext@GUYNEEELIi thdidsld)i ng on t he Member

Thenvironment al i mpsa cnto ta sosnel sys nae ntt o o | that helps to sa
including rules on activeomaannied pptapysan af rohe puoubb
engagemedt trust . Emer gi ng evi deemvcier omumeqe satl s i tnpatc t ¢ war
requirements may fal/l shor(tL aorfs eand derte sasli.n,g @@&8 @all ks icuo nd

Chaptt@r Assessing energwhemakiomageocy i sokgtimens deci si on
infrastructur e Ariitcx3cceequheednendgegr e(fBEU,ci2MEBic 3dirreeqcutiirveem
ri sks behowewerée dt o the very high invest mendnedregyi si on
effi diiemecyambbiet i pans goaopi)nt ed out by theAddvseoyyBBaadd I

Thiedus emii sad diornesct i v e, compl ements the EU ETS directiwv
reduce industrial emi ssions into air, wat(eBU,an2d0 10a)nd
The most recentind ey temii didioonfs ca ihdr en ot sufficiently rei
bet ween industrial pollution and decarbonisation, mi
coherehadwvi sory Raerad, nh0 b4}t ter | inks betweenhdwlpd!l | ut
be an i mportant angl e fdomr etalna veexutl dr e vaiksei dmtof atcltceo un
role of CCS in industrial i nst al(lUKt iEonnvsi riomcmeund i nAgg el nacry
Th London protocol binds Member Steattes eadf ithhte Ewrramee

e
with tb&gratmand piaeagbhev marine environment from al/l ¢
banning the unregulated dumping of wastlkeniVnt ¢t it healp

consequence that it elfdredcern vel gnfopimrertihtef tp&0 prosses of
storage 6ocZER,ho2ik23provisionally allows for bilateral é
t h20 9mend ment telmsxiploirntgsafr e@ns f or (sleMQ e.s2t@2adt)ieo nr e mo v i n
uni ntended regul atory barriers, the EUt Henmsitro nemesnurae
i

ntegrity and sabtpéyabifdaosoftahderaed G®@ further | owering

of EU marine [rAont eBitgeude ta rectaldad . Eur2d@elg nd &€mbmimti isesn oins  t «
promote the devel opment of any necessxryy seuwi ddalrionngsh d
I nternational Ma r IEtCi, m& 0@ gag nwezhabto paeso ni t coul dt hel p ad«
chall enge oafi nrenqudlItatliartger al cont ext b ebyoorndde rt hceo oEple, r aatni
on Ldfrast(UWdRC, ur@2n4t)his field, approaches within the
seabed mining could prove informative, especially in
wat é Ds ngwal |, 2020)

The iEsSU commi pt edienigaar i ne pol lution from GHG emissions
due diligence varying by state capacity. Climate adeze
infrastructure under EU funding and permitting.

I'n addithenEU is a signatory of thet V&NCOoM&NNIII DH2 on
The conwemtuiiaomres si gtnatexrxygr Sitsad esheir best ef fort to

environment 1is adeqduattehlityse pricetsipéecctete,d on t o take all ne
prevent, reduce and control marine pollution from ant
The standard of due diligenac®e wumeé eUNG@st OBterlien gledndt,, pgairvae
rssks of serious and irreversible harm to the marine
i mpl ement ation of the obligation of due diligence m

avail abl e( IrTels®Su,r c2062 4)
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The EU Taxonomy Cl i magB @, De0mreldha)tded Aetchni cal screen
underground per manent g, ol ogidanasg gsntidiaiaGeenito er €@ f or we
pollution and biodi veats@raye wdi g kedc t d nv eh teenrd & i Givepratcat |

as s es s dernetct i ve, whi ch may pr otvhelrev igruo ndnaennctea | f oirn tesngsru rt
private and pulblheée c Ednorasdgnreestissermat e adamdeartwéinch fall
under@ dlsei gni b aréoarnitt ealCiQa nd r ast r uct uScer eiennviensgt nbefnti.nf r as
should thus be: Oadapted to adverse i mpacet cdfi mahe, cL
thereby preventingnpaariisbhe hegathyesafety;bedeaqguroifty |
citizens or the effective functidohisgeoheeges winhement s
mal adapwhaegn olmuiin fdri ansgt{ UINORWRYL .e 202 3)

Apart from broaderti nrcilsukdi man algieanbeinlti ty mechani sms, t h
explicitly -pegoifi ejandirm@tfeEWct @uhd Th)ambi amnmn ohh g apPEN
Eregul a(tBWw,n 200”9 ses the i mportance of adapting, to the
antthat i mate adaptation objectives need toEbromaa&muat
energy networ kdetfei®re né wart ke adaptati ond as:

@ process that ensures that resilience to the pot
infrastructure is achieved through a climate vuln
relevant adaptartticd(el)dmeasur es.

Whi lhe twor dtimEgg#o fdef i niti on of oaoleixmpd tyee if dedaasipat pabdt & toi no n

energy i nfpracsjt@aumcktiutriegint sgaipnt erpreteatieodedodidCbles

given the overall scope and purpose of the regul ati
required from the project promosfearsam@Mehidgr pi e tboeil
funding support and f avourGibvleen;irtrelfigautd @@ w g et & @ amaneq t

t hepre¢gt categori esaneflMIgi sbtl et ufso,r tPhGl definition of cli
TEE regulation shoubhasdbet exteadeleit o ECEEumiddb edsgt enc o u
and innovativere@garcdi ¢®s miwitti lgyat i on of environment al
adaptation, during permit granti gi ghloic @dsitcddeeigm d vpr o]
of t h-E&reDBENaSuia@mdj ust ment woul d rbwel asn gadwer miintgh Bl ef u

PCdnBMIinametlhye Connecting EurGpaep thearci | ity (see al so

SevaerU fundesludheg Connecting , Env e ptelEdFiarcoipleiatny Regi one
Devel opment Fund, Cohesion Fund, and the Just Trans
adaptation requirements for any infrastructure proje
Commi ssion i ssguéedaa Eleicioprtiomodliingr astad(ECt, urdeh2 sc)l s in |
with the overarching obligation for the EU and natio
enhancing adaptive capacity, strengthening resilience

set OQAoitcBieof utrloe E€BRinmbatwa n Aritc? eof the Paris Agreement.

The mdkeesf forts to harmonise safety rules and; devel oj
transport.

Regarding the safmadrya gaesnpeenctt, a@ptod C@ g n niecedr hurmen safe
devel opment, operation, andithécammirssiCadi isn @r difaz@d s oalfs
substance and its physical behavi ouranatth eddgrfirfgehr eetng d stca
CQl eaksaga&re not yet(AbhbhyapndaedstSbaetd, 2020; PHMSA, 20.
This uncertainty seems to be higher for (tDeamngs peotr ta lt.h,
2017)The EU could address these risks through technic
based on dispersion modelling and i mpact assessment i
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of carbon |l eakage in densely populated areas) and r
Experienceni rpatseubgegelst s t hat pr evssntcihv ea ssafgeotayy CrOa ct
could be considered to help people detec(CR%e 2@2%; a
Kilgallon.et al., 2015)

The -Met o I ndustry Act ai ms to streamline permittin
recosgng that regulatory authorities are developing e:
bet ween project devel opers and authorities is essent
concerns.

Permittingfofs€COucfeurge proajtd mtgsppieprentiitnse sf oarn dC)sd or ag e
a new competaganmeagfudrat or y( BBGQ,t ho0 2 Kkeeleot | ndusttroy Act F
suppocé&nd @CWj ects with regulatory measures such as
Judgfimgm experience in development of otabeplssradqeeor i nf
natur e, early engagement, bleotowalencomaume b mpepentcaatsho
during the prem&Qandbrasphaséuor project willEabrel yneces
engangevii t h stakelpobtdécs pandi de-mma&kiamayn reduce the char
negative pubbfcspehceppbjents. The European Commi ssi on
storage permittingdepfrionceedd u rtersa nasrpearwenltl andEComp@2ab) e
The permitting i s supported by the guidance documer
Commi ssion under the CCS directive, and could be info

rel ated i nfragqtErCyc t2r2el gpr oj ect s

Theameri al and environmeniafrastegcttuyeofethesCoOn a r
and cohtaméwbr &tmhpr-enj ectitbposifnectplmanse OIS apr.oj ect
Oper ataoresequi red to establish baselines, identify irr

inspecihensxperience from the idnhnpleemeé vted thias st dealfeant he C

Thexi sregobgatory framework surrounding CCS requires me

pl ans and indepeReg@guioaniintsopreicmtg puisr,.ed during all phase
pr-ienj ecti einnjteot poosaanak and.DMwonhto20283) and reporting o
establishing baselines and identifying irregulariti es
of d(altrRA, .RO8&RbGEtion provisions need to include mech

i nspector access rights, and operator ob(lliEgAat;i2MX2 bt o
Onyebuchi etTathpobko6gBral devel opmdrmtr wixlalmpbdisther ey 1 n
art monitoring devices «weltlbeagiendaandremansf grtiongp€Cc
i ncrelaesfefi ciency and safety ofl BAf shO0RBbylurveying act

ExperiencegpiogelUSne& OCoper ati opispéehidnestmaythaed COupr anat
(CRS, . 208B8) CRCF regul ation requires operators to take
reversal risks and duly monitor that carbon continues
for the rel €hamp®)eTahcet ivpegi fic monitoring requirement
mechani smsaiwli é6i1 ed et omett hhed drsegmuoevsatl it e wietr hii i cati on met
(EU, 2T0RedA gGRCF regulladcwewcdhrapdeaseesf per manent remova

geol ogical storage, provi,whbobh méanbBet @GESMdni eotiwneg a
of the operator reporting to a cArmpéReot @whedd&CHBryg) at
This kimbnaoft ogaelnfg i s compl eme-nbati hg rospenotiand 0DOQ:
competent @&updroire rtéheepwiltilcat i odi roefcttihee CCSS | i mited so
wt h each new CCS project. The guidance documents rele
providdeecotn onhe all ocation of monitoring responsi bil

ma n a g e M erct, 20240 ,baul®i2mintyed to surface asmsdci majtedt iwvant
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geol ogical Sstminheagptyyr e€€0Oand transport infrastructure r
rul eguarddmpmod i c,y giawen the CCS directivebds focus on st

EU guidance and rul es can |l ower ruecpmbitkiifindteys CaOr ound
infrastructure asstémsmasidewarsdskri pomfg per manent stora

Al l ocation of risk between public and private actors
of ,C@frastrucsbeferprbiepsdctmeémali si on i s made. |t is rela
model of the assets and has implicat{daffomn @i aali bl
Operati es@hdinlsiatnigessctl osure stewardship need to be <cl a
framewor ks, nsootf a bpl eyr mam-emdad ek a6 § © stahgaet orfe QWO e-esngent ur
mai ntenantekamdn®Dgpemant onal risks for operators can
specialised insurance products for st boadigfef earechtt rrars

cont i ng(ehkS N, 2023; No ulsosritge r et sakbweglt @@RRGper at or s 6
financi al contributitemmtaoeitkeei aobvegsi(tiEAf oRPRRIELES cl o
di r ecrteiquuei hase s porydbiebitilriatnsf err ed tad tttedinee sgtoovrieagenkesmictne

cl omemddhahe operators cover catstl eods tmotnh @ oan tnigc ifpat ead p
(Aritc2@® of the CTh&® dEiurreocpteiame hCadsmmiusedi grui W@Qstc @ r & gf ee

cycl eri @madn a g e freanmbe woriknc | uditnhgerranmlsd eegspmwrisi bi Il ity to the
aubhity on behalSft aotfe tahnedtghteenhbegaesr at or fkrionng Itihaeb ibleigtiyn,ni
of thagelroingtewardship of thdé ECi,t20Ryv¥nt)he Member St at e

9. Summary of EU policy assessment
Tabd2®Bummari ses the policy assessment carried out in t
status and gaps. For the | atter, it uses GoolwearsgdameEUt yvp

climate neutrality: progre¥advpesbirgyy Bgpaps ,al2d2dpportu

Table 20 Summary of the EU policy assessment of Chapter 9

Policy St atus Gaps and inconsistenci

Supps€Ci£ECldnd CCl
projects with r
measures (e.g.,
permitting pzec Does not specify that
acceleration va first and foremost hel

obligation, andr reduce emissions where
. . _ 1t bol
Nez er o buil ding). abat ement.Aaavrebiilta olne gap
i ndustr
SetsEUamnt arget 0f Does not ensure the ac
injection capac capacity, nor distingu
storage per yearemovidadaosl i cy gap
indi vidual obl i
fuel producers
the-wkde target.
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St atus and inconsistenci

Put smphaegei s on Noprioritisation of CC¢

T ENE infrastructure wi t hodniomi t ed alot exmpat ic
regul atidhatr@bate g@ctto removal s; climate adap
4) . only energy.A amhb iatgtaspu c

Setesrpi tting rul

CCS dire¢the safety and No fyuality standard or

and integrizi;yooaangdé:OApo“gap

ac.compalp.resc'rlpes trean No ex@l i mpartoeof i ng r.equi

gui danc«di scri minatory S :
Aambition and i mpl emen

infrastructure.

Energy Reqgquwappl yiemmgertdhySet £ray vhi gh i nvest nfeort
efficielrefficiency firsthe energy efficiency

directivinfrastructure Aambition gap
There is currently no
Ot her progressnina€Oructure

| eVvAeplol i cy gap
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10 Enhancing institutional governance

10

EU governance is not yet suited to handle the scale-up of removals. Strategic, evidence

based, and innovative removal policies require robust and integrated governance systems

across sectors and levels. The EU's institutional framework is not yet designed to manage the
GHG budget and to integrate removals into policy frameworks aimed at achieving net-zero

emissions by 2060 and net-negative emissions thereafter.

T h e Eppdoach to reach net negative has yet to be defined . Current EU and national
policies primarily target net zero and lack a clear commitment and strategy for the net-negative
transition. Additionally, inconsistent messaging about removals hinders public understanding
of the need for removals and net-negative emissions.

Removals should be embedded in plans and strategies. = The EU should embed removals
into updated national energy and climate plans (NECP$, long-term strategies and sectoral
roadmaps that encourage long-term policy direction and coherence enabling public funding
to leverage private finance.

Transparency is needed to operationali se the certification . Delegated acts will play a critical

role in operationalising the EU CRCF Regulation that aims to facilitate investments in removals.
The EU should develop these acts transparently through participatory processes and make sure
they align with EU&8s climate goals and ar e

Sustainability is challenged by a lack of policy coordination. The lack of coordination

between energy, biodiversity and LULUCF policies undermines the sustainability ofremoval
methods such as BECCS and biochar. Improving policy integration and addressing
implementation gaps are critical to the sustainable scaleup of removals.

Public dialogue on EU climate policies is still limited. Limited stakeholder dialogue and
public consultation reduce the transparency, inclusivity and legitimacy of EU climate
governance. Member States should establish robust multi-level stakeholder dialogues and
ensure meaningful public participation in NECPs andremoval policies.

EU should facilitate coordination among member states. National removal planning risks
overlooking cross-border interdependencies, leading to fragmented efforts. The EU should
enhance its coordination role, by fostering regional collaboration and providing permitting
guidance, and use EU funding to leverage private removals investment in line with the polluter
pays principle.

Enhanced international cooperation is vital  to prevent carbon leakage, ensure fairness in
global contributions and harmoni se reporting and accounting standards.

Ihtroducti on

Me mber Statesd policies and measures to scal

cl i
of

Cl i
EU,

e

up ren

mate governance relying on coordination between Me

governance.

mate action in the EU is currently governed

t hrougd

national and subnational l evel spweseldai ed ngb Meamtbiev
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and regularly report on pChagprn4s@s maldieng Asp premewnales W
di verse sectors, technologies, and actors, spanning ¢
bounda(rScehsenui t etThab. ne®@0Zha) | enge highligbtscy he 1
integration that enables EU to advtame eEU tcl iprondtie yg obg

(seefor ,exRimptlieg and Dupont, 2023, | PCC, 2022)

I'n addition to policy integration iwistthitnuttihoen ad x igsotviern ¢
al | |l evel s needs to deliver on the goveChmpne® sfuncti
namel y:

1. Managing the GHG budget to avoid mitigation deterrence and ensure cost efficiency,
2. Maintaining fiscal sustainability and enhancing distributional fairness,

3. Ensuring the quality of removals,

4. Managing land resources and climate risks,

5. Accelerating the innovation cycle and raising public awareness, and

6. Pl anning and dev elnfmaptiuctiuge. t he EUBds CO

This chapter primarily focuses on the EU institutional capacities to drive domestic action. In addition,
Section 10.3.3hi ghl i ghts key aspects of EUG6s internatpi onal c
of removals.

10l2tegrating removals in EU climate govce
10.2.1 Need

Crossctoralrosdder institutional cooperation is key
EUds climate policy and governance framewor ks.

The integration of removals into the EU cl itneaatme pol i
climate goal s. It requires the adoption and i mpl ement
rul es, procedures and i netmiutme@laBC of,no.r2 0c2l2igmialtle alhsamngr
enhanced cooperation across government al services 1in
finance, as well as i mproved codrodi rataimpd rebeces weeerrd i Man
i nfr astrGhua¢pesBchenuit et al .., 2024b; WKR, 2024)

10.2.2 Status and policy gaps

While the European Climater magoaimegés hebkbe eimosgi ons,
EU and national policies primarily target -nneetterzoer o an
transition. Additionally, i nconhsiinsdteern tp unbel sisca gu mdjye rasbtoal
the need f or r enmeogvaatlisv ea nedminsesti ons .

The +{temgn objective of net n €yeaptikaesdGHIGs eeminbsd deaed ( B¢
European Climate LdAdwveDedpmigtad tthamhingh the current f
and national | evel-serios, oann dr etahcehriengi snemno or very |in
governance to pl aenUodfsort ramysgnaettdaaotdh ei n-h ® g aateitivee . |, when
removal s exceed(a@bliGtgeaopn)s si ons

Moreover, the public generally |l acks knowledge which
communi.caEUOdrsnstitut(isceneal EQriessxtyt anmyl ways cl ear regard
remoyalkhed the necessi¢envyoe®®@sesaohsnhperhet @®HG ee mi ssi ons
severity of failing to redumen@ig@t é mies.e inkdosrs jitoiasstda ntchee,
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terms 6carbon neutraldé and oO0cl i mat ezenreyd@@ | H0 e tei meoIne
for-zreeto GHG ¢éRogeil pnePulali¢ ROAINLE¢s at all governance
in responsible messagifTtpnasmlse e de aimfmitremtt & rvreasl,| yas sug
byell amy et al (2019) and Cox et al. (2024)

NECPs play a <critical role in coordinating Member S
including removals, by providing a framework for plan

The EUG6s <climate goalgev armrremgudapbiroed WwWhi echeestabl i sh
tools for planning, reporting, and monitoring Member

hel p Member States to plan policies and -wiedes utr®rsg avths |
Develdopé&drough an iterative process between the Europe
al so require public consultation and stakehol der di al

Si ntcke EU removal policy is rel &thiawvel ynott e deretn, eixtpd i ©
common NECP(E&mRIO4A4BWe European ComBCssdPa@hr2¢gpi dpdaéee o
the 203D NECPs encourages the Member States to refl
removals target of 3by @0BI0i cett omhes not hEOLULUCF reg
the Member States to prelvewant nC@dlneactid eo€1C &nbdo unteasur es,

BECCS and DACCS. It asks to approach BECCS depl oyment
of the | imits and avail dbEC, t 20 22Ct, et ad sl e fb iionnfiaos
dedicated to CCS that is expected from the Member S

presenBeXbeiwa

Box 7 Expected information on carbon capture and storage to be included in updated NECPS

European Commi ssionf6s guf{H@nceddbauaupdase de MB
provide the following information:

T the annual aggregated projection of i nhere
t hrougda LtOur e ;

T the annual bi ogentilcatanwi Idli rlkeectawairl €Ol e, f or

the geol sgiocalgeC@apacity that can be made

f annuaidst@®@O age <capacity t hat ma y become av
hydrocarbon reservoirs;

T pl annetdr&&sport infrastructure;

public funding support acvaaptlwrbd e tfroan s pnovrets t

T any ot her measures t o Supptoernrm tdheol bxmp lcmn
opportunities.

==

=

Source: European Commission Guidance to Member States for the update of the 20212030 national energy and climate plans
(2022/C 495/02)

Twenty Member St atC&€sh nhfaCvBee liervcalnutd eidnf or mati on in their
2023. Thanks to that, it is possi bl e tloevaeglg reesgtaitnea tneast
carbon capture annual capMdCiOtfy whni M2hO 850.)lmi beogeunpct e o8
haal b@eemade known t hat Me mber Stamietst epd ainn ttohe aptt awd e
electricity and hydrogen and from process emissions

®The targets |linked to removals include achieving climatas neutr al
50 million tonnes o¢ti mjnenatailom peamadiotnal byC02030 (art. 20 NZI A); ca,
net emission reduci2édMeiL{@rdet 4c &ELCled tamd net removals from LULUCF
CQed n 2030 (art. 4 LULUCF regulation). There are also other targets
deployed t-aerea¢Nzhd), that while not specifi-epto removals, suppor
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sectors. ThealNECLIPp pd otcat heevteirmd i ei njecti on capacity pl
St at edt C3p%Peyxar i(MEQR,03D0242z)

NECPs | ack ecsdadtiaradl cirmtsesg-t @t mopl andi hgngl i miting the
in addressing pnaetghawa yvse teomiagkstir @ rsssuisatigedi ncarbiitleirtiya

Whil e NECPs provide valuable informathetdnl|l eoel coefi dhnhé

gaps remaseaect Cralssi nterdependencies, such as the | in
LULUCF policies, ar e iinn svefnfbieai estt@itym s e dNeEeCPsse d Por gap)
exampl e, the initial NECPs | acked det airloekde npddeormsn f or
f eedsdrickin and trajectories for forest biomass, and |
and riemse the qa&rChon20difitkat ed drafts rarely include
sustainability criteria or cascading principles (EC
cascading princitpmlseaust ar e abkielyi ttyo of S 0 meSe crteifgrd a | me t
Furthermore, the -yeak hBaCRaan tmhealm Goma@at egi esa cover i
30 year perspective(iAsvgesomeryalBlolaedns@at9fkrne¢mentl s goal s
beyond undeadnebvietlioopne dghaipg | ack of i ntegration hinders
net negative emissions after 2050 at the | atest.

The NECP process faces chall enges i n participatory
di alogue and public consultations weaken transparency

Il mpl emen&aati ambgapgdismn partici patory governance have be
NECP process. Many Member sShgtdedefmlethiesbréedtist akeloolgd
di alogues to support the design( Adwdi siommpyl eBrigeanls ldhitci 2 @ 2 4
consultations are often | imited or del ayed, reducing
and stakehol der s. Strengthening participatory govern:
inclusiveness, and adpdigamaeyi off. peERPBECc acceptance

The expected rgowiesrinoaengceef at hen offers an opportunity

policy within the NECP process, st r etnegrtnn esnt rlaitnekgsi ebse t
enhance-l muketi stakehol dsecttoagalgemead mapbEprilepwueledc ad !l d
support this integration, but their devel opment has b
The Governance Regulation is expected to be revised i
and to support the achievement of EU climate and en:¢
opportunity to integrate troermonvga, | apnod irceyp oprltainnng nign tnhoe
further enhance the EUOG s climate governance i n | i ne
published in January 2024. This incl udetseram rsetirnaftoergci eel

and NECPsl aanfliaati on of the elxewdli ngt aleh@Adbwiresnati ¥ loag
Board,. 2024)

Sectoral roadmapsAritecd@®owofagbde Emdepean CIli mate Law, cC
removals and empower pprroiavcattiev ea csttoerpss ttop Wthaokdes et | amat e 2
Sovacool e.t Tahle.s,e 2r0o2a3dma p p pd ¢ n amidg Hdleingpmtd Swr r emoval
encourage best practice across Sewnkehbl| deandsiatvikcenepat
been prepaatedEU Hlodvewiletr ,i s uncl ear how they wil!/l suppo
scadpe of remolvainm i & adviov eu nat nadrnya yniamiutr et h@imbi t mp.acgap
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10 D21 i ventimeg gpover nance functions

10.3.1 Need

Delivering on the gover n&napetdhrasr etlii @ss oinntirmesdudead iiom
within the EU govéspanece gfr amewarnkheetpudllic 2&3Xk)s al
institutional capacitiest eranngpeo !l fit o maboe ectormme g anteind e ngn
ensur i nuahliigthy of removal s, to balancing fiscal sust
while mobilising investment-uasdwi hhowatiooml alynat irtod tei

sharing data and knowledge across stakeholder groups
procedural justice andcpgdtlnil ¢ ptorvidt eitn aEU,cl2i0r@&2t e | PCC
Hef fron, 20001r8o; b avidiuc ue Whiall e , n@0D2a) compr e Bemtsil 3 .ax s es
outlines a few selected parup rdl avhentexticte amgh i oifstt ha
functions, and identifies areas where institutional r

10.3.2 Statusand policy gaps

Governance function 1: managing the GHG budget to avoid mitigation deterrence and ensure

cost effectiveness

The EU manages GHG emissions through targets set und:¢
l egal measures with the EU ETS sphgyiGhHeG @mcesioak red

Removalr® g9governed through fragmented policies, i ncl
regul ati on. The EU's institutional governance has yet
into its overal/l GHG budget management .

As expl & aaptdlerimanaging the GHG budget to avoid mitiga
effectiemdma d(ss ) determining t he required vol ume of

counterbalance residual emi ssions and achriespecatnidv eg o
r od oef per mantleenmipor ary removal s, and (iii) providing a
required volume of GHG-zfeorro tbhye 2B @tgaatnade i eeb\HeG reemti s s i 0 |
2050.

Currently the EUOG6s GHG budget i s mdmeghecdttebviiondgghgpol i
neGBHG emi ssion reduction targets embeetadet fiur tthheer Huerfa
in the GovernakBttomRtegBhati B, Ré§uldatrieacn, ve, LULUCF 1
sectoral | egislation.

Based on the needs for managing néleewar tu men atfhi@dt u tniceema
remowalns be found under the EU ETS, whetflegtilsd ad mirss iam
managed the European Commi ssion and EU ETS operation
operated by the EuTlheeBUO EO?HHmieaddmomwdt dge prod mojwa lgsa p

buall ows for trade in emission allowances which are
Their primarylmarek authndteakeasn aucti oni ng paroenecys .o fT hteh d
European caribsonmomairtkoerted by the European ¥Seandi ttihes

European Commi ssion publishes regu(BE€C, r2PpaBhy on t he

) n 20”4 European Commission asked the European Securities
all owances un(@EBMAhe2&RQ@ EtTIBe 2023 revision of the EU ETS di
f otrhe Eur op e aann bMBaerckuertist ifAeost momni t pr the integrity and transpar
mar ket and proviPdelt hemeBttrapdabnhhe Council with annual moni f
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I n ter mss ecftr e naonvda | s , multiple existing institutional

regul ation, the CAP, as well as forestry and natur e
Commi ssion cooperating with the Member S$tegtuédsntomnt hea
other institutional actor at EU | evel is explicitly |
|l and sectors, including reveMorad o vperre,v etnt @ olnU lalh@F nraengal

hori,zad2n0&.0s t od esuhfofritci entl y umaerempdlIni mEdjdas! ipamynigea @)s

Governance function 2: Maintaining fiscal sustainability and enhancing distributional fairness

Maintaining fisaeai | ®usucpairneanpiel g Ltsyr etserlmnpgo!l i cy commi t m
and public funding to encourage private investment in
with | everaging private finance including for CCS pr

strengthen thdg aphpel ipodtliuarero pays princiople.

As expl @mapemrirermoval s need sufficient pulmlitheamadnpreixy
of constraine.d Tpoubnhoibci Ifiisneanpcrei vate sector, pubdic i nst
term invest,menndt fsuingdnianligs k we sdteme em® valkhs. Whil e not de
removal s amedgdthievenettrSaosi 0hdntdcad éeEBtlat e governance alre
processes and entities tasked with Iteneerriaggk inmgg pafi vaC

projects, including for permanent removals, through t
EI'B and(Ch&EEKuropean ClimatteEmemErastut ueturAapen ckyl)B
provides tailored financing solutions(Lcapacang Howéad
2020; Rayner et al ., 2023; Draghi , 2024)

Enhancing distrirbauguiornead gradacenckewsrsal justice and pol i c:
soceéomonomic impacts in specific contextBEUBlogwelaspect
To ensure distributional fairnesspnopmilé¢ci empacesedot or
policiGap®BreeTo understandEW ueeavki mpactbkes-ebheqgoimi € soc
assessment sbef arpelf ittelireisr i mpl emént a0 PHedawever these ar
systematically conducted, and the |link between EU c

(Advisory BoMotwi 2B&#¥anding, the JusdciTlailambsthal i mav Mec h
been created to addr etshdeUrdesg rcd 9 snav ee it mgoatstladl mbftned Whi | e

predominantly deals with the future impacts of the ELU
scope, ensuring that t henetutarnasli teicoonn otnoyw ahradpsp ean sc liinmaat e
one behind TheC,J wRs0t24)r.,ansi ti on Mechanism does not y €
negati deegdnaotect Ityhetcaukpelf e r e nfoavnablist i onl gapunctions t hr
Just Transition Platform and the Just Transition Fund
out puts oworskewer agr oups of stakeholders from across
removal s: stakehol der engagemarftrascamnlcdamur eedyncltihreg,co
transiinthheonc e me {tECse Qt0@213 g)

The Just Transition Fund supports just transition rec
States and the Eu(&fearROCHeinsdairemd management princi
i mpl ement the fund, the Member States need to establ |
|l ocal authorities, economic and social partnéeEY, civi
202 1Tah)eviol vement of partners under the Just Transitio
transition plans has not al way6i meleenmd mt al¢iAnden i wiatply) t |
Board,. 2024)

Governance function 2: ensuring the quality of removals
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Ensuring the quality of removals wil!/ involve a diver

is essential to ensure effective oversight and coordi
Ahar meeEuUvi de approach to removal certification is bei
(EU, 20@®4gh i mplementation involving national accredi
The European Commission is responsible for developi
reviewing standardized baselines to align certificat]
encourage ambition. Jdtegusqtdooaddb@es2a2®23dbstUERE mMeani n/
participation by Member States, experts, and the publ
under the EuropeAdviCdomatRBo &advy, e @mp) e, in delegated
significant i mpacts and where it has discretion, the
assess(mMmed,t s202Ba) CRCF met hodol ogies, including baseli:!
additionality, are |l aid out in such delegated acts. |
with EU <climate neutrality objecrni @emmusdi obne parsisoers st
adoption, as stipulated in ar.t.A$ mdntdheepeduriohpee an (
i mpl ement ation of the abosvecproeadl i yamptegqepphabv@amins ga
Certification organisationsr gparet.i g cthoe ntehsed ) Fwairéodpoegann st
be involved in the MRV proasdssbnwépbéedegmntrittyh maudGCROF s
In CCS projects, they wil/l coordinate with national
assigns monitori(nEC,r exphiclitbe Ibhitoeser gy fe.eBEHCCSvhi ch
and the removals quality <criteria set out in the CRC
certificatiomrdethgmesfirmaoaldudand irredEICar i2t0i2els ; u rEdAr,
European Ombudismphe meaOd@a®p) & cead dt heahancement of capac)
al | i nsitnivtouatvieadnhse EU and nati onal l evel s including mai
I'n addition to the institutional governance of CRCF ¢
set of actors and their networks. Many of them, such
sustainabl e forest managemdmret EdIL r eTdhcky i exciretasadr meeds
resilience and reconcile compet i ICga gtéenya nsdghgleeesw bi o ma
and expandeidn gtoiltesst i ondlevatsomnd a@tovekrhance will come
decline of the |l and sink can be reversed in time for
can be maintained or expanded to meet net zero by 205
At the EU Il evel, the EEA provides information to pol
monitoring and reporting, including earth observatio
European Space Agency. Land onomii lt atrii oy adfatahesupBRpost &
through the joint efforts of the Member States, t he
internal coordination between these actors has been w
to thesedicaveai | abilleivdesit ®@fumadei viheg CKRORpRegul ation (s«
The i mplementation of the environment al i mpact asses
projects depends on robust institutional and stakehol
Governance structures safeguarding environment al pr o
documents are guided by the envir(BU,en2Gln2d) mpmactstaade
environment al as 6EBs me @Booltthi raeccttsi reel y on institutional
|l ocal community engagement .

Governance function 4: managing land resources and climate risks
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Managing | and resources is in the hands of various en

the EU&Ggyg mehbaedel evant policies, soi l and fotrket mo n i
sustainahkulpef sceaeimevlatl scurrently relies on a network o
LULUCF regulation and the CAP in which | dAdéapmanagear so
goadrse | esedbayrmpaat chwor k approach to managing climate r
As expl @Giampel/lde rER) pol i cies relevant to | and management

and fragmevptkbkidci es dedicated tdhkgbdhodbioderssictt yor, biaman e
resilience. The corresponding institutional governanc
agricultural pol i ci es( Liosv et ieltl allar,ge2Oy2 4i;n sQubfefritchiverntar
Pol icy integration coutdabéembbseteeatrbyi epsaohenolgs are
measur es and initiatives and context speci fic i mpac
conducted, l ooking beyondAdwiredryy eRodBmdnhoc2 GaaL)odsrep
tools are also central to policy integration and sholt
Law Chseptlerandotdren@mmgoué ati on. In this respect, data coc

as an opportunity for further governance enhancement .
and the CAP relies on a -hevevlord&ntoiftiaes off @e idn dvad cel himaey

tran(sGoetrel I.a Al 20yG&G)i de national authorities and stakeh
andurbop&uaachdgencygl |l ect and analyse the dat a, (Jdluyizng o1
and Mi-P@me o, 4dA@®1A) manager sd are expected to increase
t hr ough daatnae xschhaaoifgreg x peri ence, and help to6GCohadpevmaemo
et al ., 2022; Wi nFkoerl eexta-sn@lteor 2@hYpni sations e. g. t h

European Forest Owner s armge obwpreamesasmw efsant mems ame repr
the expert group developi(kg€,t RO2CBRECF met hodol ogi es

I'n climatefaldlpWwangonbhe direction setthtelay gieehfsi nEudr obpye a r
Me mber s aSteatoescdta swesl unamdlyi mate riskdasoacome etias oams ar
rarely efmbegudedcy 1 ndregssiilmtruncl ear ownership of respon
stakeholders at dif f eraenpa tgcohveeor pnkaonacteh elma nitedg €rmasnkl an d
reducThese governangeowepdonpesss (CGhapmpiear isncrtehaesi ng
decl i ne ofrilsensdr sMenrkssg-06f anfloChpde®plke (

Governance function 5: accelerating innovation and raising public awareness

As presethtedBer accel erating innovation needs public i
diversification sof |l nemddatlti poprthbolbiader societal enga
public awareness and acceptance of removal s.

Current institutional governance of EU innovation pol

addresses them as part of the wider efforts to foster

Il nnovation governance remains centred around the Eurc
Centre and exetchiRuirvoep eaagne nReeiseesa:r ch CourmBut opranuRéveaAd

Executive AdEBucgpeamdCl i mat e, Environment aln&dl slonf r ast
involves also the European Institute for I nnovation
knowl edgennawvadtonmuni ties, and the E u r(oBpleBa,n. 2l 0nAvdeyset me n
organi sl@at honhsspecifically target removals but address
to foster cWhenaé¢as achi ®ni s not an issue as such, exp
resulted in a |imited sfcoacluisn go yu peaxnmbsmb wneglssegpaCh)h @@ 81 0N

8) .
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https://ec.europa.eu/transparency/expert-groups-register/screen/members/consult?memberId=108048&memberTypeId=3&lang=en&fromExpertGroups=3861

The EU hadealsaisdf or measures increasing public awarene
public anlogirevate

Il ncreasing public awareness of removals will play a r
(i) knowl edge dsehveerliompgnen(ti ia)ndpubl i c debate and wunder
policy making and project development. The examples o
stakehol der exchangteesdton@moBeenloowal s are | i s

Box 8 Selected requirements for institutional and stakeholder exchanges on removals
Main function, | egal basis, aActors invol ved

The @®RR@FRI ati on

Crodgissci plinary cooperati European commi s
me mber states (
institutions, s

and SMEs

The -zneerto i ndaurstt.r yl 5act38, 21

Rights of def eariko@madlmmandi Courts, stakeho

The -Netro Europe Platform EC and MS

Transpadgseamtra@@ capacity EC and MS

Ne-tero acceleration valleEC, MS, industr
stakehol der s

CCS diaetti 26, 10, 15

Pubémxei ronment al infor mat MS

Review of draft storage fEC, MS

Public inspection reportsMS

LULUCF r egul. atliSgn 8

Public accounting rules ¢EC (Central Adn

Nati onal forestmgsassmentEC, MS, stakeho

Better riengtuelraitnisotni t uti onal agreement

Public, expertviard ciomtsaurl EC, stakehol der

assessments, evalwuations

I nnovation Fand. r2gul 27i on

Assistance and consultatiMS and EC

Communi cati on, knowledge EC, CINEA, pro]j

Hori zon Eur opreneaxglul agriton 6, 19

Open research infrastructEC, MS, academi

Mu |-sttiakehol der consultati EC, MS, EP, st a

Et hics checks EC, national an
Governancearkhul BQ, o

Mu l-ltevel stakehol der dial EC, stakehol der

Public consultation MS, publ i c

Regi onal cooperation MS

NECP iterative process EC, MS

Tr albhssr opean Energy Natwor@s tT2gulation,
Transparency and public gMS, public

IPuinc and stakehol der ccOperators, stak
scenarios and infrastructEC, MS,AJACEBR,ry

Source: Advisory Board

Note: Main functions marked with the colour code as follows: [[SgloW{le[s[cXe (V=1 [o]olgal=TgIo=Tals K aE=NglgTe]
_ Participative policy making and project or programme development
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Governance function 6: Pl anniainfastaucilde devel oping the EL

Crobesrdesi nQ astructure i s golweregul atniden arhdke tTHEeN CCS
the future it el cewled rreeqpurierseE nEhdhemmoratndgoveéemnment al
coordi npetrinoint,t ang regul atory oversight.

As ment i Ghnaepdt9eC@net work planning is a part of an int
pl anning undertaken by associations of el eEctandcity
ENTS@@) Jb hBets eaCCanhofe t he EuropedmwC@olmei,sgi egrated pl al
is not yet aligned with EUG6s CAdwiaser mnBoanheangP0 dplr
|l evel, infrastructure planning, devellT&fEm&krgul and omv am
t héCS dir(e&dlt,i v2e09bhe | Bhvelvicmgethe European Commi s
aut hointdiees t-EeR@ENI ati on, the permitting process typi
the -EENegul ati 08i Waewnoy r eRMD&4Dr aghi r eapcoarl tl  itma psierte du p

per mankunrtopean Cofoamtdoinniattoorri ng progr ess in the permit
facilitating r efhios aboi mwesnospuerrea tsi uopbpoorrdte rf oirn fecrraosstsr uct ur
Member St atesshcomce min@Rimaghi , 2Ma2g4dn;y , S i2koo2wt )

Crolserder energy infrastructure panfHecab aovbbwvetiaés,

some cases the EuropddameCckmmiopziacnin Cl CimabA &ndi rohmest
ExecutivanAgd&l@ehrRr) EU Agency for Coopefhblecosn ahdEKReyageor
2015; Pototschnig. a@dnRessehfgoEuRORE)Farcdeéppt @Pgechaats

advanceisngtnittewut i onal coordination between EU and nat.i
sharing and capacity building across t(hCd NEAvV e r2rdBg e
addition EU -goppomntmentatecoordination through <coll ab

(EC, 2024, webd22dp per(maqd,t @2 Q0 dam)cso far with no s
on hfrastructure for removal s.

I n caseitmeraGQ ructur-orcderat @et waorlks, it may requi
representation and r eghudradeorr ye noevregys iignhftr aasst rcu cotswsr e . A
among the HEBOB gergaklragtyohgr i ti es and helps ensure that E
functions wel |l ,f bryct ia@mosntgr ioktuhteirng t o Elheopbagnmeret gy
infrastructure with the EU priorities. No regul atory
ofmer gi nghaxrdbeisnCOast(pwdet clye gap)

10.3.3 International cooperation

Whi | e -daenptihn assessment of needd hedbat ustaeandapiobmnal ge
fostering removals is beyond the scope of this repor
future poliwyrdionc dxaikanfsaipmewesntoiforE,lUSSs contri buti on
and integrity of international trade in removal credi
CQremovals can compl ement international climate pol
promoting greater cooperationidedrowierneent ipeasi sei aged
cl i mammpacegquire a comprehensive approach, i ncluding c
and transfer payeamendscper atisdraband ensure gl obal ambit
I nternational climate policy suffers faqomimnhgo (fiurdame
countrreigegse benefits of reduced GHG emi ssions without
|l eakage, stemming from un(iJlagtoebr,al2 0e2nli;s sTiao/ro. Grae dwoat iW8 md
|l eakageur s when domestic mitigation | eadrsedtuodiiregcr e as ¢
benefits of wunilateral climate policy. This (eddect is
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e. g., Gr u bbb uett laels.s, s200 2wh)en removal s depl oyment effec
(202a&mbQuer emawal snot af react d iyl fard thatctelBgni ni mi s e

|l eakage effeectheardi fenohameness of unilateral climate
reducing |l eakage, removals could emerge as a mechanis
increase the | ikelihood of broader péFriaokpatitomlin
Wit hout-ssudepl pakages éBio¥Yni ¢ i giamsloinglfenari os, the poten
in enhancing internatiof&bdechoper att cAmicdiir miR®i2skhsesi mat
carbon | eakage are therefore fundamental f o(rMiisncfhor mi r
and Wingendeespedi2al)ly for net fossil fuel i mporters
gl obal climate objectives. However, even if removal
cooperation, they do not resolve alllncemalilversges oifir eien
other countriesd efforts$ mpacemstit wmtsesavaipgubmlgi cl g onad
outlines gener al proposal s otroc laiddateescaltthh sé ,i scmume d .CoT
arker oad sgrfcoouupnt r i es i ngmmi ementarbon pricing mechani sm
fr-eedemd s haercihnngalmogiyhe cl ub (rBadmméerod er and Kal kuhl 2 (

Launching coaleiditcicoeampse th elipvse sdiasnadd vlaenatkaaggee by creati ng
field inteEnasioertl la\nt eraaeBdnal coopet asb itlbhir oawgwul d b
transfer payments (Koane&diaodt Edehbhoder, 2020)

Box 9 Carbon leakage risks in the context of scaling up removals

Basedrramks( 202 3aIn. t he context of mi ssing gl o

forms of carbon | eakage can occur :

T Free der :| emlkkmmea region unilaterally redu
gl obal <c¢climate benefits, such as reduced c
of these mitigation efforts, may per cesiveen
potentially | eading to an increase in thei

T Supwmlide lieakagna | at er al reduction in fossi
decrease in international fossil fuel pri
el sewhere, potentially increasing their cc

Removals policies primarily address atmosphe

mar kets. Consequently, removals -sufei deheakmmmlea

taxes, which directly affect fossil fruied e rd elm

howewer the i mptecmsi ohstfade between net f o

Carbon | eaklagec cmouadldsodrifver mpolail sy in one ,j

i ncreases unsustainabl efpr ac ttihtreosugkhe yba nodnaists®

bot(lkee e.g., Chi ti et al ., 2024)

Source: Franks et al.(2023)

The EU needs to ieintssireofitan irmetsmiotn gtad i @Ina & thiltoandsd h
withi BEUt Bbeedyond i ts borders

Afair conbtyritbhugd Bd@l obal mmiattishgaatt i BW act i ons support t |
bal ance of GHG emissions and hellpAdmasagd0Beamjsdpatur e
expl aiGhag tiearndd. Thi s | mpEBUds itrhcagnti ves to removals ar
of measures that ensur e bgnheovEeld aand fiatisr Meommbterri bSutta toens
goals and commitments d@dfAdv heoPRCBBeeAdg emaneqnnur es i ncl i
finance, technical assistance, ,oanndt otphpoefd st ynwebhsult dbng
achi evzeermetGHG bal ance withAmtcRPes otwe Furopdiant iCom mé
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Partnerships and cooperative dondenAritti e@)ef Su bl ®ari b

Agreement , can advance the deployment of removals gl
equitable contributivbaki ng@ tchésmateaectgioans.aByg effecti)
purpose on the internatioalaildasrtiatgye, arndes Edr ednr d Edrey
climatelaohamgest reespdcaqul d build on the dxirsteixrmgnpd o p
environment al sustainability and <cli mate cdchanegWwedsmit.i

partner shimp mivsttaht eesheof t he Organisation of AEUIiamdh, Cc¢
OACPS, .T2h0B2Ux)s i ncreasing its strategic capacity throuc
actions could reinvigorate the bl oc(dGhecaltihmat ea nlde aDduepre
2021)

The reporting and accounting of removals need to be h
in removals credits under the Paris Agreement needs
avoiding climate injustice.

Har moni sation of reportitnhge iusp deaxtpee cttoe d hteo WNFnGeC Qv iftrha me
upcoming | PCC mertehppadroteiomggi ens € he nati onall |l GG, ARORd) or |
for the GHG accounting, operationali siArrgt édeé Pamé s Agd

Paris Agresememt 89@d wi | | play an i mportant role given
reference point fionrt engarrintoyniisretder rhafgshe@ aé . gayr bGnh Gar ke
Pl atformhe2024ulting international trade in removals
technol ogy spillovers and susotnairdedobeltee pgoner & ®ICICe v i2rO@ 246 1)
while avoiding climate injustice attributedadroosegui va
di fferent, t haitsatcironss geowgrtehphd elsif epleyngsi cal-poand i sali c
char act(eGarsttoincset al ., 2021)

10 S4mmary of EU policy assessment
Tabdlbel ow ssemmarmie policy assessment carried out in tl
of the stathier atnhlde glagtst. er , it uses the same typology

dowards EU climate neutrality: p(r Adgwriessosr,y pBdarcdy, g2alpx4

Table 22 Summary of the EU policy assessment of Chapter 10

Policy St at us Gaps and inconsistenci

Sets out mMNEIC®s
procgesvhi ch cove
pl anning, moni't
reporting of «cl
measur es

Crosesctor al interdepen

Il inks between energy,

pol iacrieesnot yet suffici
The procedMembev NECRAsi.mpl emengap i on

GovernalStates and the

Regul atiCommi ssion, pu® The | ink betweeneNBC®S
and stakehosder i s i nsA@fafmbadite mtn. gap

RequNEEPRS anTerLr
Strategies to b
each other and
through transpa
participatory p

Il nsuf fi elieevnetl nsutlatkie hol ¢
Ai mpl ementation gap
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