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Carbon Positive, Carbon Neutral, Carbon Negative
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EtAK|7 (Carbon Dioxide Removal, CDR)

IPCC =«

Definition of “Carbon Dioxide Removal”

Anthropogenic activities removing carbon
dioxide (CO,) from the atmosphere and

durably storing it in geological, terrestrial, or
ocean reservoirs, or in products.

It includes existing and potential anthropogenic enhancement of
biological or geochemical CO, sinks and direct air carbon dioxide
capture and storage (DACCS), but excludes natural CO, uptake

not directly caused by human activities.

Carbon capture and storage (CCS), which
alone does not remove CO, from the
atmosphere, can help reduce atmospheric CO,
from industrial and energy-related sources if it
is combined with bioenergy production
(BECCS), orif CO, is captured from the air
directly and stored (DACCS).
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Bt K| +=H (CDR Method)

EX : IPCC AR6 WGIlI: CDR Factsheet

Afforestation, Reforestation, Soil carbon sequestration Biochar Bioenergy with Carbon | Direct Air Carbon Enhanced rock Peatland and wetiand
Improved Forest Management Capture and Storage | Capture and Storage | weathering restoration
(BECCS) (DACCS)

Agroforestry; tree planting, silviculture; Agricultural practices; Cropping and forestry residues; urban and industrial Solid sorbent; Spreading crushed Rewetting; revegetation
timber in construction; bio-based products pasture management organic waste; purpose-grown biomass crops liquid solvent silicate rock
Decades to centuries Decades to centuries Centuries to millennia 10,000+ years 10,000+ years 10,000+ years Decades to centuries
(invegetation, buildings, soils) (in sails, sediments) (in soils and sediments) (in geological formations) | (in geological formations) | (in minerals) (im vegetation, soils, sediments)
Afforestation/ Agroforestry and -545-5100 §10-5345 $50-5200 §100-$300 $50-5200 Not enough data
reforestation: forest management:
S0-5240 not enough data
Afforestation/ « Agroforestry: limited = Increasing carbon « Negative impacts from dust Growing energy crops High energy requirement | « Dust emissions Some peatlands are used
reforestation: impacts on agricuttural crop sequestration can occur at « Competition for hiomass increases competition could lead to growing + Potential for increased | for food production, so could
Inappropriate production the expense of production for land (limiting land for | competition for GHG emissions from | result in competition for land
deployment at large « Forest management: if « Sequestration contribution biodiversity conservation | low-carbon energy energy generation
scales can increase fertiliser use and introduced per hectare is small and and food) orincreased GHG
competition for species are involved, risks hard to monitor emissions. Some DACCS
land {limiting land include: reduced biodiversity, processes require water.
for biodiversity increased eutrophication,
conservationand food) |  and upstream GHG emissions

Blue carbon management Ocean alkalinity enhancement Ocean fertilisation

Rewetting; coastal revegetation Adding alkaline materials such as carbonate or silicate rock Iron fertilisation; nitrogen and phosphorus fertilisation; enhanced upwelling

(e.g. mangroves, seagrass, saltmarsh)

Decades to centuries 10,000+ years Centuries to millennia

(in vegetation, soils, sediments) (in minerals) (in marine sediment)

Not enough data $40-5260 $50-8500

« If subsequently degraded or destroyed, these ecosystems Potential for increased GHG emissions from mining, + Ocean acidification and deoxygenation

are likely to release carbon back to the atmosphere. transport and deployment « Altered supply of ocean macronutrients
« Maximum benefits will require many years to be achieved « Fundamental changes to food webs and biodiversity

cf. CDR encompasses a wide array of approaches that capture the CO, that has accumulated in the atmosphere and then store it in geological,

biobased and ocean reservoirs or value—added products like low-carbon concrete (DOE, 2022)
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Figure 2.2 CO,emissions, capture and removal in the Sustainable Development Scenario

12020 NetCO, emissions: 3360t 2030 Net CO, emissions: 27.0 Gt
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1 Fossil tuel [l Direct air capture [l Bioenergy Values in Gigatonnes (Gt)

IEA 2020. All rights reserved.



ZLH ELAK

HLe

—_

=

S

< 2050 EAEY AlLj2|2 ZF(eH SHE >

&

Ae et
CDR

<& 3-1> CDR #HHe BHE /83 MY Aoy
M¥ dod

<K4 4%y COR H2H>

- (ZE”/AER) 58 A1 #E5id U7 = o|MEEILE ET6IH T8 W £ &2
HE ¥ S=HE S0l EF HES= 188 580 2o|sl= H2H

- (EYpkia)) £otpa| 3 EX|0|Z2MIE B8 29 {729 E4ElE =2l MY

- (djo] 2 xKblo—char)) HI0|2UfA R CHE 2§ &0 20 EX|7|s& ZE3D Hjo|2ofA
247128 =¥ ool 22 Zal@g + UEe oY

- (40| 2ofl A X| gt ZE T A FHBECCS, Bloenergy with carbon capture & storage)) Hio|2oiA=2
SIHWHE §F ¥ UlEE= 0|2EE-E CCSE OlR&| CiAl ZE sl0] Ha2|slk= W

<8l 425 CDR >

- (MR 7HE(blue carbon) ®2|) ZUZEAldal marsh), WIARE &l § A2 xe4e)
AlY 2|E B8 sixo £ U HMEo EAE H2 = oY

- (Y U KB}) 7| Fo| O|MBEILE ETE T Uc MHSYEA(: MEY BRIEE
ol RS2 O YR 4 WE e cpHSE e Y

x| ot
CDR

- (88 #5 / Y FAW2AE 8F) ol F 7HX HIWE W7] & o|LhaErag
2 dE3e Y FEwe: Tod @ o) 2430 cf7|fe] RUHE
EE ¥ HESte 7] § olURELE HFAEcE HoM 2IFH=22 W
HE EF EU0 WES=L} & Aol YESI=Li2| xjo|Y

et
CDR

- (N A2z B = BDACCS) 7|&) 2eE w¥oz 7] 2 o|rtsetaE F
R E(DAC)SI0 RIZEXEL §2| XMEAldol P2 HEsE W

- (S ¥ ZE HS(DACCU) ?I®) DACE =& 7| ZolM ZTEE o|ABElAS
g83%0 R HES S0 HE ool O|MSIEAE XEEiE W

(EH : WOLECO.eq)
=08 IEE
. M2
HEY 686.3 | 254 | 187 | © 0 0
« (ADH BIRIET FOIEE
HE 2696|462 | 32| 0 0 207 | - B9 SI2MM B NG 2Y
EHE 71
4 2605 531 | 531|531 | 511 511
HE 29 | 71 [ 71 | &2 62 62
VAR EENE BILSAR)
112 | 112 So= T T
wg| F8 | %8| o] 0q| 25| 28 92 1. poy zoue Eope|
CPIEe s B AME 7R
EaeM | 247 | 171 | 154 | 154 | 154 154
W7 & 171 | 44 | 44 | 44 44 44
- (A% IREE T T
™ ) $408 222 33
ke 136 (1as] 0 9 |.me mumnss uw
SASE $48 22
¥F 56 | 12 |12 | a7 05 13
E+H | -413|-241|-241]-247| -253 -253
Ok
L
g :f_é a5 | -85 |-579| -551 | -846
A [ (ccus)
e i 74 |28 22E nEs oy
DAQ = Q=S §8 18

* ALj2lR 7 IBO| AO|pt RES HEMoE HA|
&4 : 2050 BAZ A0t (21)

FH: IPCC (2022)2] Annex I& &I 8t XA Hel

X . IPCC 6AHEV I 0ME 712 B 71871 MY TS 2+ (NIGT, 2022)




ElA==1 AT e—Fuel

- MII7|etimel SUYUR, JvSAS BE YE BHASE A= 20
O Jgs4a L 2EH CO,2 FH YLt gd¥s Jia (FT 8=, HES, DME S LYt Btélri A 2 E)
@ Y UXIE EF SEZ MESHE olUX] FH2(0f (@2, O7 =L o)
- ZJUOM= e-Fuel, HAFTEAR, MYEHUHR S22 AL L A2H, 2060A|L2| 20| M= XES7|ZT(DAC)2t ZEHE 9= E 20|

CO, FROM THE CO;
ATMOSPHERE PURIFICATION

FISCHER-
TROPSCH-
SYNTHESIS

METHANOQL
SYNTHESIS/
METHANOL-TO-

GASOLINE

ELECTROLYSIS

RENEWABLE
ELECTRICITY

WATER PRODUCTION THROUGH
DESALINATION OF SEA WATER

Copyvight: uniti &, V. , lcons made by Freepik, Wectors Market and Pixelperfect from www flaticon.com

&X: EU e—Fuel aliance EL0|X|



e—fFuel & Life Cycle Assessment

Release of Carbon dioxide
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Figure 1: efuel lifecycle
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LCA for CCU Production System

co, }'

Reference
FOSSIL production system

. FIGURE 1 | Comparison of system boundaries in singular (Top) and circular
FOSSIL CCU production system Bottom) system approaches.

£X|: CO, Value Europe, A Condensed guide to CCU ZX: A Guideline for LCA of CCU, A. Bardow, 20
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HuPHIIL (Life Cycle Assessment)
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FIGURE 6 | Schomatic e cycle of CCU technologies span from tha CO» source, supply other feedstocks and energy to the end of life treatmant. In all life cycle

stages, environmental impacts shouid be considered. Adopted from von der Assen et al. (2013).
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EX{: A Guideline for LCA of CCU, A. Bardow, 20
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R&D Greet: Argonne R&D GREET Modal +
40BSAF-GREET +
45WH2-GREET +
California Low-Carbon Fuel Standard (LCFS) GREET +

International Civil Aviation Organization's (ICAQ) Carbon Offsetfing and Reduction Scheme for Intemational
Aviation (CORSIA) +

https://www.energy.gov/eere/greet
45Q LCA Toolkit

Life Cycle Analysis

https://netl.doe.gov/LCA/CO2U/45Q
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