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Executive Summary

This strategy proposal outlines a research and development (R&D) strategy for biomass-
based negative emission technologies (NETs)—one of category of NETs regarded as essential for
achieving net zero emissions. More specifically, it proposes R&D focusing on: the carbon cycle/
dynamics of biomass which will serve as the underlying basic science; observation/measurement
technologies, model evaluation technologies, and control technologies/methods pertaining to the
carbon cycle/dynamics, with particular attention to the decomposition process of biomass where
insufficient knowledge has been accumulated thus far; and technical issues and social issues which
must be addressed to accelerate dissemination of the relevant technologies going forward.

In recent years, efforts to deal with climate change have become increasingly important. It
is essential to not just suppress greenhouse gas (GHG) emissions, but also to employ NETs
for removing CO, in the atmosphere. It is thought that realizing carbon neutrality, even just in
Japan, will require absorption/removal of at least 200 million tons of CO, by 2050. NETs include
engineering-based techniques and nature-based solutions (NbS), and among NbS, biomass-based
NETs exploit the ability of biomass to absorb and store CO, in farmland especially for the soil
and forests on land, and in the oceans.

On a global basis, the amount of CO, absorbed in the carbon cycle process of biomass, and
the amount of CO, emitted due to decomposition of biomass, are about one order of magnitude
larger than CO, emissions due to global fossil resource combustion. Therefore, if control is possible
to increase absorption rate of CO,, or suppress decomposition rate of biomass, we can expect
a major increase in the amount of carbon stored by biomass. However, at present, there is
insufficient knowledge of the carbon cycle/dynamics due to biomass, including its decomposition,
and more examination is necessary from the standpoint of basic science. Knowledge of the
process of decomposition rate of biomass is especially inadequate, and there are also technical
difficulties, in comparison to the absorption process by the photosynthesis that is directly linked
with increased agricultural production. Therefore, from the perspective of NETs, there is a need
to bolster knowledge, particularly for the underground portion on land and for the oceans,
regarding the carbon cycle/dynamics.

In light of the above, we can mention—as R&D issues for accelerating practical application
of NETs using biomass—elucidating the carbon cycle/dynamics, and resolving the uncertainty
of predictions of the amount of absorption/fixation due to insufficient understanding of CO,
absorption/fixation mechanisms and lack of measurement data. Also control technologies and
measures are needed to increase CO, absorption/fixation volumes, while securing production of
foodstuffs and lumber, etc., as we move toward practical application. For this purpose, it is crucial
to not only promote R&D, but also link research organisations and organise social rules and rules,
establish a system, and so forth.

In this strategy proposal, the specific R&D topics that must be addressed going forward are
divided into the following three issues.

@cElucidation of the carbon cycle/dynamics attributable to biomass (Issue 1)
@Countermeasure technologies for increasing absorption and suppressing decomposition
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of biomass (Issue 2)
@cEvaluation of carbon market value and added value (Issue 3)

Issue 1 involves basic science and technology for elucidating the carbon cycle and dynamics
attributable to biomass for farmland, forests, and oceans, respectively. Issue 2 is developing the
technologies needed to accelerate practical application of biomass-based NETs. Issue 3 relates
to the knowledge and governance system needed for establishing a value of carbon, i.e., “the
value of removing atmospheric carbon CO,”+ “the added value specific to biomass.” Knowledge
found through Issue 1 and Issue 2 will be evaluated in Issue 3 in terms of costs and prices, and by
applying this to things like the carbon credits market, it will be possible to proceed with studies
to accelerate social implementation.

In promoting R&D, there are many elements of biomass management which extend over the
long term, and thus there is a need to advance goals and related issues by dividing into time
frames: short term (up to 5 years), medium term (5 to 10 years), long term (10 to 20 years), and
ultra-long term (year 2050 and beyond). There is a need for funds obtained through the carbon
credit market to be allocated in areas such as R&D and related implementation, and for creation
of a system where research and funding can function in a virtuous cycle.

Toward Realization of Carbon Neutrality

® To accelerate practical application of biomass-based NETSs, it is crucial
to a develop a system with a virtuous cycle, including R&D funding

Factors to accelerate
practical application

Funding Evaluation of carbon market

® Expanding the carbon credit market value and added value (Issue 3)
® Including in GHG inventory - . <Through_govermentlacademm
<Through collaboration with diverse Providing evaluation collaboration>

stakeholders>

Funding
Providing
evidence

Sharing
knowledge

Funding Providing

countermeasure
technology

Countermeasure technologies for

Elucidation of the carbon cycle/dynamics increasing absorption and
attributable to biomass (Issue 1) ) suppressing decomposition of
<Centered on academia> Sinallig Lo e biomass (Issue 2)

<Through industry/goverment/acade
mia collaboration>

Fig.ES-1 Conceptual illustration of accelerating practical application through a
cycle of scientific knowledge and funding

Through the promotion of R&D outlined in this strategy proposal, an R&D foundation will
be established relating to these basic sciences and countermeasure technologies, and it is likely
that this can be incorporated into more accurate methods of evaluation and estimation of
biomass-based carbon credits. Internationally too, knowledge relating to biomass-based NETs is

Center for Research and Development Strategy, Japan Science and Technology Agency CRDS-FY2022-SP-08
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garnering attention, and we believe it will be possible to energize international schemes such as
emissions trading and carbon taxes. These efforts are expected to not only make a tremendous
contribution to global reduction of greenhouse gases, but also to contribute to achieving
sustainable agriculture, forestry, and fishery industries not only in Japan but also in the world.
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1 National Academies of Sciences, Engineering, and Medicine. 2019. Negative Emissions Technologies and Reliable
Sequestration: A Research Agenda. Washington, DC: The National Academies Press. FIGURE S.1. Scenario of the
role of negative emissions technologies in reaching net zero emissions. =% & [ CRDS A’ HAEEER
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Capture and HHE DR WER DA ¢ 100- 540 i:‘*_;ii\:\ iiﬁf?i;g?;i?g%;ﬁ
Storage) 1885 CCS (Carbon 300 R EEEAE N
HNH 2,
Capture and Storage)
B,
BECCS NAAYRAERZRRIE D01, 645
(BioEnergy INA A R D IR BE THEKDERVBEEL D, FiEAATRER
with Carbon HEAH R (BioEnergy) | 5-6 | 15-400 | 0.5-11 | NAATYRNEICKDEY LML IRRITE
Capture and L. CCSETI, BENOXE, LYEHREREEBEBLEERMN
Storage) S HDFRE
EADRILRE | Yz mL. Bt
FRERESEBIE o, | o000 | g4 | BEAOEE. HECENDEEOEHOR
KHEBRENEODNT S[KEBENDFE,
WD,
BEETIL— AEMIIN—h—HRVUHELEEE. k&K
h—mrRY - (S ST @k%ﬁﬁﬁ‘kﬁ(:ﬁiﬂj@‘%t%?@‘c‘fﬂ\'ﬂ,\éo
5’@;¥$%%‘:]ﬁ%ﬁ h EEBRMEA, B, ENEMSLOENR
BRI ARz, Tr | 23 . A ﬁ"ﬁ@\n—_l-ﬁgll‘étﬁ\%%)o zﬁ&*@%?ﬁﬁ@’l@@?ﬁfb
LCRES oA (:Fa@fﬁ?’éﬁﬁgo BRI DR REREDI=0
z DEH THHOER, EEYOEHEEEBR
° DTHDHERICN T 5 BFEBROEACICHS F
ﬂo
el e LEROBHE, R COBEMELRILL,
U RN BHEDSUT FRECTHEASHRICREA
BEf st L | 12 | 50500 | 13 | XHENSIMEE BELEVEIEEADYA
WAt o ImE, WTOEFRENL. BERRL. BY
£, kS DL iﬁ]:ﬁ@’fﬂzli‘ﬂ;\]:ia@'f‘b\“E%%’?ﬁ’l‘iﬁé@t&)(:
EEABETD L. EROBEMEENFIBTERL25%E,
BEFLAUE | ATRISEEOTILA
| Y N -
Peile o D pH LR UTIIREE D, 5%
e eyiyp VICEEES5 250, BELTRCLE
N 1-2 40-260 1-100 MHBBESIND A BEME, ILEANDEELRLE,

ALY ILGE, K
ISBFZETILAMK
TR ERENAVD
N3,

RIE, WEAE, FEICHEVWCO BLUBE
DHEHEIEINT B AREMEN DD,

2.1.3 AFvR—Fr oS

KATATIZIVIIVEMICBRES TRULES CRABEDDH D, KB IOR—FILTIE, K2-2
[CRTREDSLHRBRE D ZTRE LTS,

IPCCHER2%TTIC CRDS HMERL

2 IPCC AR6 WG I11: Climate Change 2022, Mitigation of Climate Change, Table TS.7 Summary of status, costs,
potentials, risk and impacts, co-benefits, trade-offs and spill over effects and the role in mitigation pathways for
CDR 1 methods
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B CIE L IBRERITE. B, NAF R, BETIETIL—D—FRVRERHD, NoIE [NAATYR%E
FRULEXATATIZIVvIavEfi] E882%, £I05650—3FE. BECHEMERODEEEILRD
BRDOEDOERMKEED—RELVTERDHEENTEREMTH D, DI MDA - FEH - BERIC
BENHDZEITIA. KEBRRICKD COBNMNITONDT-OARHERARDIRI/ILF—ZBMEATY
ZREHUNMBENCERED, HOTENRRATATII vy aVEMEENTHARELTEITONS, BH.
FEALREXREETILAMEIZDOWTIE, CODIRIX - BIFEREIFAZTVEEEZONTVWSH, BIZHITKER
BARERDIIER(CE L. ZORIEFEICOVTEERZ LTIV I ENBEFEINTVS,

AERE T OR—FILTHREST DNAAVRAEFRALU XA T+ 7Ty a v EME. BREER U
(NbS) O—&THh, NETEEM, FM. BEICBVWT, BEPHEMEROEERILROERLISLN
AATRIZED COMRMN - EEIbIFITHONTE =, L L, CORIN - BE{bEEBMNELIZRATA Ty
VIAVOBEDNLIFHEEENTHONTVBEIFEWVEC, 7O—/ULLRNILTREF CONEEEER LT
WL=®IZ(E, KIBBERRAT 4 7Ty a v EMOERBINENRDHONT NS,

2.1.4 MRENEHE

2022F 108, BABUFIZ2050 F £ TICGHGOHEEZRBELOICT S, A—RvZa—rJIILEBET
CEEEE LR, INZRRIZHICE. IXRILF—HEEZMHTZIEICMAT, ES5LTHEITON
BWGHGHEHEZRINT 272D AT 7T vy 3 VRN AEI R TH S,

BAEICE1T52050FH—RY Za—rIILEREEERET D2V FUAITOVWTOETILERVWZTHME (S

3 NEDO - TSC, * AT« 7Ly a vt (NETs) ([2DWT, HE6EIV ) —V 1/ R—2 3 VERREERZEWG 2021.1.21,
(https://www.meti.go.jp/shingikai/energy_environment/green_innovation/pdf/006_03_01.pdf) (202342 H 28
B7Vt2R) #6&ICCRDSHNBRE

4  2050FH—RYZa—rIILOTFUFDI (FEKRE) RITEER, REERIRILF—RBES ERBEI RS, 2021.5
(https://www.rite.or.jp/system/global-warming-ouyou/download-data/202106analysisaddver.pdf) ,P46 (2023
F2H28A7ER)
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INE, REFCODBREE (RATAT7IIvyay) ELTERBENUENMREBIIRZESINS, C
UGS 5728 (21E DACCS, N AT R%&FIAT 2 BECCS, THICIFEANAF Y RERICEDRINEE
BAI2HRENEZIOND, FICDACCSIFIZNF AL LTHFINTVWSREDOD IR NEDER AN 2050
FERADEAZSIAERELRRICHD, ZDOHET(EKRTHACO RN - EEEE LTEMN5,0008 b
ESNBERNIAVRERICEDRT VO vILEBRICEMSEEZENFETH D,

BRDCORINE (., FR2-2ITRTED, FMAKREEZLHHTWDH ., FTROEREICHEVW DEFEL
HAMER THZ ZENBRINTWD, FHEMOLTIEFEEIZ800H VAR THD, BEIFRENDEZS
GHGA YRV R ELTEENTLERL,, TNHDEFWVWNILTERICIBRIEZ M, 1oV hJEL
TRHONZT—FELTWDODSEDBFEETHD., ZOEOHICIIMRBRERSIOBUIRERDKRENE
ETHD,

*2-2 EROREEEE [ /Ft-CO:]

2013 2020 2030
Eith 757 708 ~828 696 ~ 890
R 5,166 3,800 2,780 (3,900*)
B CRBERR®) 132 — 157

B
e
i
Ei
%z
=
i
)
%

*BiRfE

CNETRI, &R BFICET2/\AATRE, BEMKEED—RELTIOEONTEN, BIE - K
MEEZEZENE UTMRARCBRNED ONTE/, ZDH. KIHFD CO%= &N REAICIKIY - BEE
I 2HEVSEHRADODOBRPRMOMNER, BENLERNOOMRBIIBTLETA TR, 20D
FONAARRIZED CO RN - BEMDANZ X LEINODHIBZALANCLTWKIET, RATA4T
IIYYavEMiOMRESDZIOICHELNERME/FEL TV IENAREEL D, K2-3[F2IKTD
PEINA AV RICEITHRRTZTA— + ARV ZIZDOVWTCOHRETRUIZEDTH S,

5 REE I HMWIKEBWHRESTE (https://www.env.go.jp/earth/ondanka/keikaku/beppyou.pdf (2023F€2H28B7 7t
R)) &=HEIT, CRDSHMERL
6 HIHLEM XBERRICSI2EHR_BRERRRNEOLEEES, TAFERHXEB2 (BFEI%) 75(1),10-20, 2019
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/ RREBICDTIFCO, B & L TIRERR \

R

0

v NRIRE (NPP)

220
GC0a/yr Gtzc?)zlyr
= 2
Abvo
Em=
Gt-:o3/ RS
2/Y7 ®HEIJO— 15
Gt-CO,/yr

B - Xk FX F w2 | Gt-COfH
NAFT R 1,710

T 7,380
REA by o8B 9,091

IPCC(2001) 3. The Carbon Cycle and Atmospheric Carbon Dioxidel & D{ER%

X 2-3 NI A2 ADKRFZEZ7O— - Abv%2 (IPCC (2001) ERENERK)

DIRICBITDEBNAAVADREZBREZRDEEBN\AAVAORRICEDKRE (CO2) RINE (KUY
70-) [3FEER220Gt TH D, NIF2019FDHEFRDITRILF —EIR CO BEH E#933.5Gt-CO2/yr&
BT 2L 7RFISEVLNILTHNIBOTERXTH D, BYICE>TRN - BEINITZRFKIE. BEYREIC
L2 PBEBLTHUVARKICHREEINS [HIE70—] & AMBREC LTRRFICAAINS [#HE70—]
(2RI ND, NLEZELSIWEODNEENRRRANY Y (BE) BIMELWED. ZTORFRA MY 7B
EDA—Y—EFRN7O0-D107DTREICEFTINS KRS, CORNOREBINDZEFHWLNILTE
TN 7O0—%8BPL, EH70—%2MHT 22N TENE. REALY ZEMENKEREDICRZZEN
Db, THBODENAATRRAICEZRATATIIVIIVEMEEDSL-OICIE. £FTZEZTLDREBER
DERZFMICERL, RN7O— - FEH7O—DEDERAED RIS BBENTZTOETA—ICKRERE
N ECELIZONEHLMNITIRENH D, ZDO LT, RN7O—DEREHFEH7O—DMH ICEA DA
RORAENDETH D, BINT7O—FERIERHDAEELT, INETEIY— KNV —DRARRER
BOARDBANIEDONTETWS, ULIUAEBNRATHZEEEZ7O—(2DWTUE, NAFTRDDE
BREPHEY D ERE TERTODRZRERDFMICIIRBADED %L, INENFHITEHOMRE
FAEIFVZRW, D7, MEREEHEEL TV IENEETH S,

2.2 e - BEATIRIR

2.2.1 REBREBLUVEEYEE - REOLODERTA - WIFEHHFREHEE R L OIFIE
BRANH

IATATIIVIVRINIEERETHLET 2 CO BEDGHGHIED ZIBHEDE D, TRHEAEAXK
DRFRE (RRFPCOBRE) OBANOAH—RY A7y e LTOMSBMEZRD, N1 A YR%EFR
T5%BAE. RRBREEVWIRNRXT4Y MIMA, IXRT7 0y bELTEYZ KR, BREREQREDRIEM

CRDS B FRAEAR P RMIREEE TRMARER TS — CRDS-FY2022-SP-08



BEERTOR—YIL | A~ - 3574 73y avHFifioERbImEREE

Bl ECEPINEDR L, KEEADLIYVIVMDOELELRE, TECNAFYIANDRREEZ(ICE DL
EBONIMEENEEND, UTICAZERY,
OLERZFITE//NAAK - - - - - FPNEDEI. TIEO DM
@EM/ TMBLE/ AMEBEOWE - -« - - ZDHIRTOERBAIHPAEFDEDRA £, HFMEIRDE
ElomL, HRNEATRBOME. LERRPED/BEROLE. £EVEHREOAL
@LEMTIL—H—KRY - - - - - AFBORERE. EYEHREOE L. LEBFRE(COIEHE,
REMOSVWEBRLEE. BAREROER. XYVEREORRNYCTERAMRIORBAEER
P

INHDIEDBNAFAYREERLIRATA TITI v 3V RINIC LB MEIFRRRE DMED A4S
TSINMEEZ &SI fHIE THIHIE I TE2HEENH D, CORBEDHIZEIAINMEEZ RIS 272HD
TX - fHMEERBEOBECLZD, TNICENESSHICELDESFENTENE, A—RYZa—FIILAD
BHOALOT, CNETEEADNODEERADEFR—IYIVHIBEVEYZKRECREREENDES
MALERFTE S,

UEDESINAFRREERLIRATA T ITI v avRIlEH—RY Za—FSILICEE SR WEWE
FEOMRFARLHRERMICN L TEEZEEOIIFRREEHFH T HEENH 2,

N
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2.2.2 HUISPERDONTEAL

INAARYREFRUERATATII Y 3 VEMOERICHEITTUE. BHRKEEROBWEAN’NEC L
T, YZMIMOTEMICENDEEZIOND . BN TRIFHIEEZEALTWSEMELT, ILRHEDTNDS
N=ZINAZT7F7 (HROTEREORRELZFMA/N—II)LBIMSEZ N TENL. ABDORFE
EBREICEH>THEMT Z2AKFD_BILRFRAEREETAICTEIENTERZEVWSIEZFH) ~NDOEHEM KT
THRBEEFLELIEEDN, NAAREEELUZEBEYISHTZIILRY (7L T—ILRIZT)L)
REHEREDNH D, CNODFIEFEDEMEMA L. £AEECEEE LSO TEIENI(CRIEREANDIGEA
ZHRHU, D OMBEENEETEREDAY Y MY H S,

2.3 B EoRhR

2.3.1 A T4 7=IvarEiifiosHim

IHTATIZIY Y aVEMORAEINEDLHICIE. BENRFMEENTAXRTHZ, HEWEI(L,
BLADEMTOEBICH DD IRILE —ENA AV ADDBEREDH —NREHTHD, CNHEETEHIE
T, BADNAARREFRALEZRAT A 7ITI vy 3 VMO ES SUHIBEDRE I TR E 55,

HERIZHNZTRILF—IZDWTIE, BENRAREIRICET 25179 17)L722 AV~ (Life Cycle
Assessment : LCA) B4 RS V&FLHE LIFHI A EZDRETDNED DN TWD, —FH/\ 1 AT ADfi#
[2DWTUE, NAFRIFEERNRIHEA EDRIDED SN TVDEDD, ZDMDEEMIZDOWTIEKER
BRI EZ W,

7  Quevedo et al. 2021. A blue carbon ecosystems qualitative assessment applying the DPSIR framework: Local
perspective of global benefits and contributions. doi: 10.1016/j.marpol.2021.104462
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BLAD/NNAFTRICOWT, RRBEDIDFMBRREBPZTIET. ABNBEHEELTORA T«
TIIyoavEMAERICHIZD EORERTHD COHIRICET ST 50, iz LD IEREICEDDZEN
TEBEDII0B, TNlE REMEDREREBERNLREICEEN S,

KATATIZIyY I VRIMOFEZ. E4ANICIEIPEOCOFHE. RREEEDNDT7O—. HHEXZH
W, REIZCEICEHTESEEALN, =YL TOFHENEE LD, CNODFTHENTESD LS (142
ZET, LCARNNAARRZER LR AT AT II VI VRITDERE - B EICKH U THIBREZ21T
STENTEDLSIC D,

N SRR DI
BREER lisiamrany

ORI - B
[ EltmiEx

o H{IEIRHIZ D DIRFRBEEEIBRDIZHDRIM. DEHREDERE.

® AT TIZw 3 RiAfiDFHiE. #MHEADCOHHEE, REREEED
J0—. BEERZHAVT, BEICECEETES., =)L TOHANE
=,

X 2-4 RATATIIY Y aVROFHDIA—TE

2.3.2 EERCTORRIGERDHI G FIH

REERIZ. IR EOEWE., S0E. HIEE. KB, ASBOB TRBRINIREDBEENS5ET
DMEFRERTH D, NOHEUDDBE TKIMBMEINDIREDT7A—PEEERLE(CDOWVWT, EE, MIRR
BORZBBEETILEHEL, ZTOEYHRECZHRBERICOVWT, TNZNOETILEBRLERISE
&2 T. ZDEEKEEDOHNTEENIEL NS, B2, EEDKELZHDRAERER>TVWIAKH
DCO ZYIHMUTRIDBERICERIE2BICE. COREBEBOEDLSAERICTFIO—F$TBIEN
WRNTHEINERBT ENEETHD, BEEAEYBENRZBROBEERE) V7S TEKREE
EFILICHEIAH, FEDCO: LRI EETILFHTEDLSICHRBEEZIONTNDS,

SIEDHEIZENILS, EYBE(IEET ZREBIZ550Gt TH N, 2D S HIEYIZ 450Gt P EFEEN TS,
B EEYIC S 2 BEDRRETRIIN3AGt THAHEHT SN, CNITBEICLDIREBRNLIKENEEN
W5,

CDES IR TORRZBROMBAIL, KESLRBERMOZFETHN. TNEIDFEMICHASHNZLTNL

8 Friedlingstein P. et al,, Global Carbon Budget 2020. Earth Syst. Sci. Data, 12, 3269-3340, 2020
Bar-on, Y. N., Phillips R., and Milo, R. The biomass distribution on Earth. PNAS (2018) 115: 6506-6511.
10 FIZIWINAFRT T HP : https://digital-biosphere.jp/overview (2023&381H77tX)
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F=IZ(E, BES T HRLEECHORBB/REZLDFMICHLNICLTWKDRENH D, BEEHTOHTIRD/N
AAVRADDRGFERRIAT 58T, NAAYZADAE7O—D LD MR RANITEEE RN, 2R TR
ZEBOBRRBANODSHRICEN S, BE. BRTE [FIUIIIWNAART77 0 HERBIEEZT5/-00
HEEYERT] R0, 2RTOEYBEKEDRRBICINEATND, ZOFD—IICIFRRITFBZ &
KRICTEIREGHEMDFAGENEENTED, A TOR—FILTRET 2MAHAKRTENERT D
ET, CZOESBMMEIBOERICEEETSEEE(C. BB TOEYBRZORBICESETDEDEEZD
N3, SR TCORRBROBAD-OICIIEET — e EHENSDT =Y % HEMICFHEL. FRILT
WS ZEDNRARTHZN, MEICIERLEFTEEENREVW LD H D, FTMRCTEOMTEHDOT—5%1E
BICFATZIENTENL, RIRTOETILOBEELEEEDENEZIOND,
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3 | Bk & WFZEBH s R

NAFXTREFRUERATATIIy o3 v OIEKICEIFTTRIZN - HTISRMNLR Y 7 EB>TWSD
(3. KBS B ERRER - BROBAS SPRREEEERDARICOVTD2 R TH 5,

- RRTELR - BEORERA

REDEE - FBOANZILOBBENRELTWNS, FICEBTHAUIHTE (NAFTIHTE. #
Y. TELEOEEBRFREEY). BETHNILBFHTORIDOEHEICETZEMEN - EENLAMRED
TRLULTWS, ZDIHINLDFMBRBICENDMRRAANDETH D, M TEHDWIBHERD
RORRBICEFFHMOEHSEVWSKMNEREH D, ZTDLOHANZILRBEGHE CEHIFEEICET
BMERAKEDETH D, TNOZBUTRRER - BEDEE - FAICEITINENSZEEL T
ENHD, CNODOHAIRIE NAAYREERLERATATIIvYavRITOMREZESNIFTMET 52
&0 BERNRIIL—ILA—F VT ORIBERE LTOERICRIFEIENTEH LT TES,

- RREEREADAE

CO IR - B BIEMD=ODEMA+HTIIARN, £fo, BIR - AMEELOBANRBEL A>THN,
EFETILBH S, CO MR - BEBAEMESETO MNP BETH D, HRBREDHLEEADEE
HEAEAROHNTHD, FIER. BLOENABERENEETH S,

KRETIF. INOZBRT D0, NAATRAARDRKRRBEIR - BIEOMHEE (BE1). RINEEK - 9
FRANIEDT=DXE (RE2). REMBMMESAMNMEEOTME (RE3) O3 DDFEEZHEIF TERELT,

KRANYY (BE) EZBPLTWNEHICIE, RROBINT7O—ZEPLL, FFH7O—Z2MEHITHIE
NEETHD, _NEZERTZHICIE. FTIEMHIREDEDY A DL OERRICRIN 7 O—% BT
RFVIPILDHZDH, £HFEH7O—ZMFH TEZAREENHL2ONEEENITEE - FRHTLZEHD
ETHD, LHLahrn, REBEBEOREGHRNICIAEINBHNIZEDOSNTVEEDD, ZOEBER
BREFMKAL LTHL, SEOKBEZEICLZFELTDICEBBETETCVWARWZO, N\AAYRZFRALEX
HT4 7TV aAaVDIERDI=HDIREFICE T HERE LTI TR THEN, ZD7HSE(T. #HIKREDRK
REROBIZNIERZ, O—DILEZT—ILOREDEEDEELEH T, KDFHEMBISRO TWBENH D,

RRBROFMBRBAEALITL. KERAMYY (BE) EZBARIETL-HOOARRTEHETH D, BF
MICIERIN7O—%EP0., FH70—%2 T 270D HETH D, BYICESCOMRKUR. BoHNTHE
YIDEEI D ECERIZES COMEICET 2RI ZL<H DD, XATATII v avDIhREVWSER
NoDAKBRBEBRAEZEZADE. SERNHETNZREIIZLEINTWS, FICEYPHMEY L ICETS
HERFEARDM, HEEDEODDICEREYTZMRELETH S,

W=V Za— b IIIDERICEXATATIZIVIIVHARARTHZEDEAN—KRINEDRDDDHD.
ZOHENABRZRILFALD, BENICIIKREFD CO: ZRET MO MIEILHEIL L TWRL, HEHEE
SIPIRFBIL DY MREDHEAEIED ZEICE>TZDfER RZ LS EZHANKITONTWEH,
NUCET HARERCHEDE RN ST HELETH D,
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3.1 ~NAF = AHRDKFENEER - BIREOMEY] (FRE1)

3.1.1 [

BRI DR BERICOWTOERREC(Z, #TRIBPHRIBTONA IV ADD BT A PO E LT=BES
ARRLEDRRBRD LD FEMRBEL’ZEIFHNS,

HWTERIZIZ, WEBICETZEDNAAVADBHEEEIONTVWDD, ZD4ER - HRBROFMILEA
SN2 TWERWL,, RED—D(ELEFOEEYEZ AT 28D, HMWICRETHDZETHD, £,
B DN ERICITEEMEYECTEZOLEODYIEN - tFHMHEERELFET IO, ;B
BHIREREICE S TRECEATEZIEELARNRIBEZRE LTV S,

EBHICEALTIE., TEPTOEEY ((FYMODIRAE) ONFREECLIEONEE L DN RFEDEZBVDEF
HEEAESD, REBRETILREDEEETILOEERIIDRIF TV IENBRETH D, DEEEBDE
BETCIIEYIR. TEMEYE. TEZOEOOYERN - tZNHEEOE OB LHEE/ERBRESH-M#E
BENRETHD, EYMEEICAVONIBRC UV REDHELLIETERYDRICEENDITRDEZEDE
BB, S/OMANREICL > TERINIRRDESERDBEIBENRRENERATE L TEEETH 5,

F-BERYONFRRE (S, # EEEHTETERD, IOICHTEICEVWTEIDREICRD(ZEDEE
EFELREZENTONTVEY, REBBOMHE TIEZNATDICEBEINTUVELN, ZDfdH, Hi EE
EEAUBETOEANT -9 DT LEDETIFHRWD, LIERBOEEI D EICOVWTILEDOEEE(CHEK
ROBRT—YDINELEBANEL RS, TEOHEICALTUE. FIZAERRFBICELTVWSER L&
HRTO.6%ZRELN., HETIELEBEN30%BULIZAHELTWSEEDNTWS, ZOLOHERILIC
FETAREBARDMEZN R EZEN U TBRRRBRECOWVWT, KDFMICHRELTWIEIIEET
»Ha',

HMICE LTI, MU TE LRI TCODRIFEORBZED., BEHERREETORRBIRDERA
[CRIFTWKZENBETH D, BTk, HEBCEWTE LSO AL (CEDREBEDREIELYE
MEATVNDID, ZNICHRDEFRMB T TONAATR (RORKE) PHRETD) Y —EMFEND T
. EE. BREEODDBEFEOREBRIIRENTHS,

BEMESMICEBLTERBRBERANHN. AIZIFZBHBARIIZBIERFZORNEANMBEVEDEEZISHNT
T BETFBELDEEZLDRTVIPILAHEDTIIRVWHEWSBREFEREINTED 2, REKH,
DR B PR EHRAT — Y DB RETH D,
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11 WAEYICKZHIRSHE] : https://dsoil.jp/cool-earth/column/detail/---id-52.html, (202338 1HB7 7t X)
12 Tomohiro Egusa et.al : Carbon stock in Japanese forests has been greatly underestimated, Scientific Reports
volume 10, Article number: 7895 (2020) , 2020.5
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v THOIROUS— (TR, B, ES) (o e |
73 & D53 BRI EDRREN Ry, A
v OB & Bt R TR SNH 1T
PR A A DREIZAR -
TREMEOHEESFA
SBT3 R | H TSR IR, & e

mR L& T Z R UIZRIN/ZEA - T8

HE 1 CRDSD—U2 3y THREE [JIAATR -
FHT 1 TILZYS 3 2 EAtDRAICHEREERH
F(ELIR)S KU (FE20) ] MBAXRERKD

% 3-1 NAAT AREKDRFEIR - ENEDERA (BEE)

3.1.2 sk

BRTONAATREFRUZRXATA 7Ty avEMICOVWTE, BERERIIL—H—KRY (B
BEPBECLDRRDETE - irE) DIEKICAIFTRENED SN TS, REBROERNSIEEPRICE
(32, BRELBEOHREHBAHNRELH>TVD %, BHNICIIESHEIOBEICEDREERET 201\,
EREO—EIBFRZEDLS ITBB L TOKDONFICOVWTDFHMBBENBELE>TWND, WRELT
FHBHURIBICOI>TEFEITZZEICRIENBIEOERRETH DD, BECEEEROERRKRZ Y
ATBIEFRREAETHD. BVHIEEF STIRRBEBIBENDEEL>TWVD,

U EZBEA-EARNCHARREREL. HEIER, #oBRENTFREBKE (RPOC: Refractory
Particle Organic Carbon). RiE#x, HORUEAFREMKE (RDOC: Refractory Dissolved
Organic Carbon) DEALRETH D, ZDF=HIZTKOLNTWBEMIE. KK - BFEBDHRT7Zv o X5
Al BFCTOREONMRFEICEET SEHAAENEFOND, B TEBERTORBON BRI EZEETY
2-ODBEHROMED N —H —FHMIET I LT, BBICEIT2EDICE >UREINIZKTFR CO:
DOILNBEENT ICIFEINDEE. THROEEEREINVERICEH TSI ENAREERD, EHTDCO2
RUNE - FBEIFERFEED/NIA—INEENDITH. NEFET 2-HDORMNEEL LS,

13 JIL—H—RVEeLTDREOFEICEY 2RMENM © https://www.jfa.maff.go.jp/j/seibi/attach/pdf/R2_isoyake_
kyogikai-14.pdf (2023381877 tX)
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BHRNRAEMAREZEEL. BEETIIRBEERICAFREREMN (RHERELN\1FRDE) OME
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TOMRDEIRELH B,

THCHEE S, BE#MERVIE THAEYICEZ T ETOEEY DB Z SN0, B TOEY
DFIZBEDF TIEDBIPIERE LT, BATEEEZEHTWS, 2L, BRZERRETIIDBHIE
EINDT-OMENEL, BAO—EHRTIIEENH L WVREDREBEH D, o TEMBDOKIERFIEIC
BUEBEET —YDEBIDETHD, FLEECRERRE, THIEICTDIEICLDEYHREDINE
PINDEZ(ICIDOWTERKRICKRN T I2HENH S,

NAFRIFEFERTONMRRENEE DB, FEOHEIEHD. BHZFLIIXATATIIvIay
BMD1 28 VGCERSNTENEATEE RICEIFZEDBEHISERIELTND, LHMLSHBOXRIEERR
([CY/=5TUE, BRBERDZNAFTTZADRENH DENREROBE. BEADAY YN (INEPIRNE),

LCARESANSORBE BIAIFHIBLRILTOFATr—2ILTREATATIIvIayIiin-TWahD) &,

NAARDOER - BAICE L TR INERENZINTWDS,

BYDRT VIV EEDNLRATA T Iy avEM, SAHELNRREFEDZVREDHK (B
) [CDOWTE, SERICKERETOELREDY —RBFEE. BPHLREDIVIREDZTNZENT, CO:
EEfEZ=OD-ODBEHADITHN TN, FIFEICDOVWTIKEREDRIL. BEICDWTIAREEED
BB ED B D, (FYTIEZDMICERY CRIBEF YR EDSFEP—FEEYDORLEDRREE
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geimma RIELLBELASERFINTVS Y, —H, MARICELUIRE#E. BN TEV<ONTAYT
I ETHRTHEN. AERBRMOREL LT OEBENOBLZENEHPLTWVNIE, QREVLKDER
MHBEDAEENHZ L. OF /LRERMOBERAAEREHEZRE (RMBIAENORELEL). @
BINICEBNREDIDIT TRV ERENRFONTNS %, TNHO—HIIEY TEAKEEZONS,
ML>TIOVSIREEERB LN D, BEZBELUIRXATATIIVYIVORRAREORIAEZTOLDE
NHs, Floo FEETOR—PFILTRIRREZROICERLTVWSD, GHGIZIZZRRIERRUADEDE
Z2HND. ATVPRNOICOVWTERFLTWKBELH D, BMEICHSZRBREMETRIFL LD
ENBH B,

3.2.2 i

R TDRATA LI a Ve LTUBAFREIIL—H—RUDREBANICRFTINTWS, EICIEE
Bgim (TYESRLE) LYV O-TM BEEMLAELNH L LBRERRE, EECEEEEYICER
THREBE (AVTCRVYTIE) NaENd, BEETIL—A—RVIE TRIFEHR (ERROEA
EEHDDORREME/F (COHHE)) DEMEEHEE (ERROEE) DBMD, 2iHTDCOK
INE (BrBE) BRICFE5THEEAONTVDS, BEORFEOERREZENLADNCEEEZIE LRI
P/ONDREICDOVWTZEAIERIC—EEITLTND, ZDIHBEEDRFRICMAT, EBREEICES
THAITHRBE7 DT HIBOBBROEL DRERTIL—H— RV OBERICEBEBNCES LTV ARENE
A% ILEULZDRICIGAFRIIHSEDEREL WD, BLRDIXEPLPHII AT LAANDIIG, B
EEDFNQEWREMEBR - ER - t2MERE (Ethical, Legal and Social Issues @ ELSI) ADED #H A
EEEIIRD, FLEIOEIWRFEEHTOTIL—H—RVIBRIIMA, BEIZ. THEETEIHZIEDD,
HETORBRELBIEDOHEEICOVTERIANIEE>TWVS, LAUVLKREBERMTICOVWTIZE, BHAT
LEHEHZDN. BREBEODEINTHOIIBETODBE (EFER) AEDICAN>TWERW O ARBIITE
PLUTWKKRIMAEIZLTUWVEW, PR —RNICBERBRRERICHDINZD LG TEREZTOIZL
[CENERDERERRICEDKSIBREENRAD LRSI TR, BIZEIEEE UTDRILFTEEN.
#HEM - MENLRE. BEOIL—ILAFY I PEBENGBAGRHOBELELREEBTHD, 5L
FEREICRZNLAENSINEA, BENCNBEBEABRDZENTENE, XRATATITIvavR
e LCOTREMZ Y 2 2 &N TE, HRERICAFEMERN LD —BEL L RTINS,

14 National Academies of Sciences, Engineering, and Medicine. 2019. Negative Emissions Technologies and Reliable
Sequestration: A Research Agenda. Washington, DC: The National Academies Press.

15 CRDST—20¥qy7HREZINAATR - XATATITI vy IV EMTOERLIEEEFE (B1E) LU0 (F2E) ,2023.3
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IPCCTIE, HARFRICIDIBIKRERT b HI-DDRERBHODRARRMEEICHEL WS, &
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ffifg] &LTEEUAERICRREESTODRIANEETH D, —HOMIBTIE, BERICHITHREM
BEDERL. BEMECGEHNRAONTND 'S, IN3MEEICELRS T — 55— NWABECTHELT
WTcODEHEAH TH D, ZDHEICHT>TIERORAREERARKICFHAED/HDMRTEDT —5 ZEH
BERTWIEELEETHS,

*&3-1 REARMEERBATREEADHE (GtCO2-eq/yr Ay ANIFEZDHNS Z5H)
<% 20 RJL/ tCO2-eq <%50 RJL/ tCO2-eq <100 RJL/ tCO2-eq E5:3 00 D bl 2N ]
2ty 0.9 (0.5-1.4) 1.6 (1-2.4) 4.1 (1.7-6.7) 11.2 (1.6-28.5)
T 2.9 (2.2-3.5) 3.1 (1.4-5.1) 7.3 (3.9-13.1) 13 (5-29.5)
BEM — — 2.2 (1.1-3.6) 4.2 (2.2-7.1)
BECCS — — 1.6 (0.5-3.5) 5.9 (0.5-11.3)

IPCCER " %TTIZ CRDS HMER

ERMNAHERERNG A BIEA-EANLRZDMEDRRINAKRDONTWS, FIZE J-7LIy KTl
EEATYREINBWEMIIZOWTE, RATA7II vy aUEMiE LTOMEDEIAED TOKDHEHLH
%, BEEBAOBEMIBE L TET —YDEBNEETH D,

BN CIEEUBEHEEGIHIS. KETIEKAY 7AIL=7MNEEREEGIEIERERHD, xRSV H)—
mimE LTE Verra (CKE). Gold Standard (R R). Plan Vivo (EEH) RENHS, BAEANTH, B
BIRICEBH—RY ATy MIER, JTIL—0L Yy haENHD, BISERE  BEDTIL—H—RVERE.,
FREE - BRGEETT O CWVWBEAICDOWTE, HAEMIZELITLTWS,

REDMEZEEMEE LTHRRIDEHNEETHI—A T EERY—ERNDODEELEDH-L\DDS
[BRIBME] (COWTH, AMAEDEEE LTEREED TWKDRENH D, AFEFO—IBOMHIE TIL.
BEMEDE A, BEMECREEZRZATND 'S, INLIIMEBEICL>TERDT — I & H—MNRIBIE
TEHMHL TV ZODEEE LT, T—YZER TV IENEEE RS,

16 EYARML RFERICEITREMEDEZ{L/\Y RTv7,2020.3
17 IPCC AR6 WG III: Climate Change 2022, Mitigation of Climate Change, Table7.3, P1204
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