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* Global Climate Emergency

* Global net zero CO, by around 2050 and
net zero GHG by around 2070 - 1.5°C

* 139 countries, 79% population — Net
zero by ~2050 targets

* Net-negative emissions
e Hard-to-abate emissions
e Overshoot of 1.5°C
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* Global Climate Emergency Global GHG

* Global net zero CO, by around 2050 and
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* 139 countries, 79% population — Net
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The Research Gap )

Tl Me LACKING TEMPORAL PERSPECTIVE Time horizon chosen for the analysis

Failure to capture timing of emissions;
plus, evolving technologies and g !

decarbonisation i Emission occurring at time 0

GWP,

Emission occurring at 25 years

1
Emission occurring ati75 years

* |Inconsistent temporal boundaries
 Temporary carbon storage
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- ‘Time LACKING TEMPORAL PERSPECTIVE

_

'Cascades ADDITIONAL MATERIAL USES

Overlooked temporary carbon storage
and material substitution benefits
across cascading uses

Failure to capture timing of emissions;
plus, evolving technologies and
decarbonisation
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The Research Gap

Time LACKING TEMPORAL PERSPECTIVE
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The Study
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Cascading wood use into bioenergy with
carbon capture and storage ensures
continuous and enduring temperature
reduction

Communications
Earth & Environment 7,
233 (2026)

™ Check for updates

George Bishop ® 54, Colm Duffy', Géran Berndes ®2, Miguel Brandao ©**%, Annette Cowie ®°7,
John R. Healey ®°, Christiane Hennig ®?, Kati Koponen'®, James Gaffey'''? & David Styles®'

Bioenergy with carbon capture and storage (BECCS) is a key component of pathways to net zero, yet
potential interactions with forest carbon dynamics, cascading wood strategies, and progressive
decarbonisation and CCS deployment are poorly represented in assessments. Here, using dynamic
life cycle assessment, we explore these factors for sawmill residue-derived BECCS value chains over
long, yet flexible, time-horizons. BECCS improves the climate performance of bioenergy and
consistently delivers long-term global cooling, even in a fully decarbonised economy where
substitution benefits cease, provided forest carbon stocks are maintained. Cascading wood use
delivers greater near-term cooling via product substitutions compared to direct diversion to bioenergy,
and provides temporary carbon storage complementing later deployment of permanent carbon
storage via BECCS. Without cascading use, unharvested forests can deliver stronger near-term
cooling than direct diversion to bioenergy, even with full BECCS deployment. However, the sink
strength diminishes as forests mature, and sequestered carbon may be vulnerable to disturbances
such as wildfire. Crossover points highlight the critical role of cascading wood use coupled with
BECCS to ensure continuous and enduring cooling effects. Transferring biogenic carbon from forests
to geological stores, via multiple uses, is likely to enhance the longevity and resilience of carbon
dioxide removal in a rapidly warming world.
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Part One: Single sawmill residue flow in direct vs cascading
bioenergy pathways under technosphere decarbonisation, =CCS
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Single Flow Results
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Part Two: Continuous residue flows with forest carbon accounting 8
under progressive decarbonisation and CCS deployment |
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Part Two: Continuous residue flows with forest carbon accounting’
under progressive decarbonisation and CCS deployment

Time

Year 1 2 3 ese 11 12 ese 21 22 eée 31 32 eee 41 42 eve 51 52 e9e 61 62 eee Cont. to harvest
Cant. Cont. Cont. Cant. Cont. Cont. Cant. 200+

Forest

' 0:8 | i+ Whatif harvest ceased from

ecosystem | AT g i ! year 1? |
carbon || :_9;-2,____9___.____-________;___- > > ——> Cont. |

__ car , A S ,
_>| i — ¥y { T —— [ ﬁ Ecosystem carbon Ecosystem carbon 1

| | e ! A 2 b accumulation accumulation plateaus )

____________________________________________________________________________________

l 1 1
' ' ' ' 1 1 1
| P H 1 H : I 1 1 —
To bioenergy l ?Al ’ —t TR TR 5 : | : : :
OR ! . : . . - , . .
particleboard ’/’) : ” f v— : — : — : : : >
| f : ' L : I i [ 1 >
- . 1 1 A/J : v H T : : >
Level of decarbonisation x Y. S X X X 5
| 1 v : 1 1 1 -
0 1 00 A ~ x f E T T T >
Level of bioenergy CCS deployment I ~ . : T T >
L — — > g~ D3 ik () e — ;
I > ' A : >

m3/halyear, | Area replanted,

Sl a e B i e
~ ! : : R o0 S
Yield class 18 | o R BTl e : _% —3 % . — I

0T
;__% - —% —i- =2»Cont
with optimal allocated - ‘Q;?ig, 5 =
rotation : : . —_- L= - — A— i —>»Cont
length of 55 Even-aged (1|2 P : :
years | stands 6|7 |89 |10|| Total forest N fb @ T '_ >Cont
| planted Stand ages area . N E ’ ; @ ¢ P — - = - »Cont
| annually  |55/54]53]52]51 - Economic allocation ™~ : H— X _l : ; :
~ ' : 22— - - — - — . =3>Cont.
0.0062 %55 g 34'ha p— ?Z 7 : >
I halyr | PRy T 42— .+ —Cont
Temporal | Area required to Area | P fb - —1' : ons
forest carbon I produce 11C | ponasted | Mass allocation ; > A Vl\ . &2 — »Cont.
dynamics residues per allocated. [T ! x S ) e 2 »
remain near- | year oorto | x55 11t >3 i lp— :
» 0. ' —_—
zero for the | hafyr 1] a‘ | x Substituted product P A/ N )
ubstituted product ! :
harvested | Forest ecosystem carbon EEEE P ; >3 Vo 8
scenarios | Sustainably managed Sitka spruce forest: planting = removal N = « =Y Temporary carbon storage 3(: ;




" Continuous Flow Results
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Cumulative carbon storage over time
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Dynamic LCA vs Static LCA
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Conclusions
Robustness of BECCS in a Decarbonising World

BECCS value chains can deliver long-term global cooling, even in
a fully decarbonised economy

The Value of Cascading Wood

Creating products first "buys time" for CCS infrastructure via
temporary carbon storage while providing material substitution

Comparison with Unharvested Forests
Unharvested forests can provide stronger near-term benefits,

BECCS eventually outperforms and offers more resilient storage

Methodological and Policy Implications
There is a need to ramp up cascading BECCS infrastructure and to
adopt Dynamic LCA to accurately value the timing of removals
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