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5HVHDUFK RQ &DUERQ (PLVVLRQ ODQDJHPHQ\
(QWHUSULVHV %DVHG RQ %ORFNFKDLQ 7HFKQC

<RQJOLDQXZHL ;11D QJ 413HR =KPIQIKHQJ =KDQJ
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SEVWUPFW KLIKAREQHXRPLQJI LQGXVWU\N LW LV HVSHFLDOO\ LPSRUWDQW |
PMDJH FDUERQ HPLVVLRQV ZHOO 7KLV VWXG\ DQDO\]JHV WKH PDLQ SUREH
DVVHW PDQDJHPHQW DQG LQYHVWLIJDWHYV WKH PHWKRGV RI LOWHOOLJH!
HPLVVLRQ VLWXDWLRQ XWLRD 1THQVWHY OLQKBQ WO RFWHKRIHQ WHFKQRORJ\

PDQDIJHPHQW EDVHG RQ EORFNFKDLQ WHFKQRORJ\ FDQ LPSURYH WKH DI
DQG SURPRWH HOHFWULF SRZHU FRPEDQERY WRR®RYHFRO ADUDG WR WKH |

WUDGLQJ HPLVVLRQV DQG LPSURYH W
PDUNHW WUDQVDFWLRQV DQG WKH
1 ,QWURGXFWLRQ LQIRUPDVWHRI® IROGH FRXSOLQJ FDUEF

P P L WK ENFE QVR HFK
2QH RI WKH JUHDWHVW FKDOOHQ g R %‘%é § \aﬁ%g ’E 'é%%
WRGD\ LV JOREDO FOLPDWH FKDQg2 g’é{%b] VK R \% é 6 ELURQP
WKH ,388& ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH LQ

2FWREHU FRQFOXGHG WKDWK W HSZQR EOREDY WH PFHWGSLWLRQDO
LQFUHDVHV WR f& ZRXOG KHOS LRUDWLRQ RI
WKH (DUWK V FOLPDWH KXPDQ KF%O@/LQSJ%IS@@WV\VWHPV DQG
WKDW DFKLHYLQJ WKLV JRDR FRHHOEI MY HTRAWH FKRP¥YDQLHY KDYH PDQ\ V
JUHHQKRXVH JDV HPLVVLRQV E\ WKH PRROEWD\ Rb ) FrREXYW KW VL GPD QD.
FHQWXU\ > @ &KLQD DRAFRXRBENDWO IRGHRUHY LWV RZQ FDUERQ HPLVVLRQ
FDUERQ HPLVVLRQV DQG WKHUHIRMGD IJWEHQW IHT W W &KUBRPVEDUHQW
FDUERQ UHGXFWLRQ KDV DQ H[WUFFPE QA HPSIRGW DR 4 0 WMt U H RI G
JOREDO FDUERQ SHDNLQJ DQG FD WY@ W H¥WHPPDWYVPOR® Q DGGLWLR
$FFRUGLQJ WR WKH JXLGHOLQHWhMOXEE WD FRICOHFIWHE WU IS ITHUHQ)
SRZBHWURFKHPLFDOV FKHPLFDOVp&&LQRHKQH PRWHIIREYHRVRXFK DV G
DQG VWHHOURRQPHWDOV SDSHU |DQREHBUDLVPLD Y LW LRI RDUIHEDWLRQ GLIIL
WKH HLIKQHKUIKRQVXPLQJ LQGXVWHiY LRFPRKHNGCIRWHKHROOHFWLRQ P
QDWLRQDO FDUERQ PDUNHW (OHBWWPF SRAMWY | RRYRASD @Eiiy oieHBdiwiu RO L H
UHTXLUHG WR GRWFBRVHVWRO@Y W HARKERY QL DYHYQFUHDVHY WKH GLIILFXC
\HDU ,Q WKH IXWXUH ZLWK WKH LQKEYRDOWLLJIHZOREHYLROMREMMAKEMW $DUH C
LQYROYHG LQ FDUERQ HPLVVLRQVWQGH MK od ¥ R UHBE VWWRSW KR ODFN R
WKH FDUERQ WUDGLQJ PDUNHW LWkVyNY ROFED QP \GIORWR UKD @ W || f Us Wi
SRZHU HQWHUSULVHV WKDW HD@W BQFOXGHG LQ WKH PDQDJH
FDUERQ HPLVVLRQ DOORZDQFHV WgRyARDRREVLOMTHNURIFD BRI U FRPSDQ
HPLVVLRQV > @ WHFKQLFDO SURFHVV HTXLSPHQW OHY
ORFNFKDLQ DV RQH RI WKHQHEPHUERQI XBEW VRO PHDVXUHPHQW
WHFKQRORJLHV LQ UHFHQW \HD Uy pBASs RIPERWER 6 Q PUHHNPRIRRGRIX QW U HRR Y
DWWHQWLRQ GXH WR LWV WHFKQ L} @R PI VN vL R P B #EPEIGR fKF
GDWD DXWKHQWLRAWD QIQ G PSQWMUQYK WRWRZ ZKHQ SURGXFLQJ WKH VDF
WUDQVSDUHQF\ > @ 7KH GLVWUEBKXWHNR WRMWOQDIFQWWKD W\ RRHDRSL WV
UHWOPH GDWD LWHUDWLRQ RI EORFNFKIPLR A HF KQIRQDI\QD Y HIBPOW DQG
DV WKH VHFXUH VWERURBH IXQEWWBRERU RU SRZHU VXSSO\ KHDWLQJ R
TXDQWXP EORFNFKDLQ > @ FDQ MW@MNMQ&'@WR)Q;D@MHQDYLQJ GLI
GHPDQG RI FPDVERD HPDQDIHPHQWHIMRAEIR WVKDSDFLW) IRU WKR VDPH S
JHQHUDOL]JHG PHDVXUHPHQW RI P Dgiy LR HGEHRUHB EKSHRFSOLDQFH \H
LPSOHPHQW WKH ILQH PDQDJHPHQWURH RMYKRQH @WQBEWRZMM D FHUV

&RUUHVSRQGLPD DX WKKOKAEH QHW
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DOORZDQFHV EDVHG RQ WK HH U \F IH RMUMWPLHVQMW RFDWQ B HWMKQMWDOOHG DW
VKRUWDJH Rl FDUERQ DOORZDQFHWR WIHK® FXIDHHGH WARK H RF VIRE RV HHP LV VLR
PDUNHW WR SXUFKDVH WKH FRUUHRDRLGRIX F DV IERH LE)YGCRRUDCEIORHPDRGL. QVXK |
DQG &&(5V QDWLRQDOO\ FHUWLMRGNKREXRWREKDHOLEWWK® FDUERQ
UHGXFWLRQV IRU FRPSOLDQFH W 2ARKRISWRR®YVRDVSPRUDRKDAM Q J
FDUERQ DOORZDQFHV D¥ WKAK FRVJKHRI WK
HPLVVLRQ UHGXFWLRQ WKH SURIb\z Rl\AWHpRZHU FRPSDQ\ ZLOO
EH VIXHRTHKGIUHIRUH IRU WKH NHCHPL AUV RI HOHFWULF
SRZHU SURSHU PDQDJHPHQW RBvEBYERQRUHIVYVNVVERPPRQLFDWLRQ PI
VLIJQLILFDQWO\ UHGXFH WKH RSHURWPRGQDODWAROV FRYXOH LIPS URMHN D 0
FRPSHWLWGYIHHRUAMO DR WKHLU SUR{PWD\FILG WSRURMBURBHUZ LUHO WY FRP
PDQDJHPHQW DQG RSHUDWLRQ PPHFHYVRWXWRA\ FHIERQNRHPLVVLRQ
VLIQLILFDQW ORVV RI FDUERQ D¥WBWYQ LFOMIHRRY HLYWHURDHWDRO WKk
RSHUDWLRQ DQG PDLQWHQDQFH FRYMAYXB L @KHONMPUSIFHQ WHBYBHWKHQ X
PDUNHW FRPSHWLWLYHQHVV DQGyR Wi F &KX KHRGWE\RPBGQRGH LQ
VXVMDEOH GHYHORSPHQW RI WKH FRR$DYHVY QHWZRUN RURW K KV UDKH R R
7KHUHIRUH EXLOGLQJ WDEHHUDW OB LIHEFHRRQY WKLV FDUERQ HPLV
DQG WUDFHDEOH VXSHU FDUERQ OHGRBY Zb@W WELY L4 \WPMNIP b RRRDAWRVR
WR WUDFN UHZDUG DQG SXQLVK WEHWKHUERELRRWSH LEDN (R /DWW Kw H F K
OLQN DQG RSWLPL]H WKH SDRW K RWWH ¥ JHHEWIFRQ IWRIHWIKWM U DQG LI PRU
DQG LPSURFDQERIRERPSHWLWLYHQRWY v$SQQREBHHEINIG0O UHFRUG WKLV FD
DQG JUDQXODU FDUERQ HPLVVLRQPROMWBVKW VKD dRXRQGPVH R® PILG QRGF
SUHUHTXLVLWH IRU FRPSDQLHV Wiy PHRPGE HWW K HE B UFEIRWE RI@ LIRMN RY VL QIR L
DQG DGGV FRQVLVWHQF\ DQG FUHG@DPIIERIGQVO WRIRDVERKR WMURBVQRIWR LQVV
ZLUHOHVV FRPPXQLFDWLRQFPBERQH C

3 &DUERQ HPLVVLRQ @FFRXQPLVVLRQ PHWHU DQG WKH GDWD LV
PHWKRGYV DQG GDWD FROOH H\&iL VHUYHU ZLWKRXW WKH QHHG WF

HQW +RZHYHU WKH HTXLSPHQ\V
7R VROYH WKH FDUERQ DVVHW P 6&&

Q §J|_R/Q>§_‘WKH GDW

SRZHU FRPSDQLHV WKLV SDSHU F b %‘é v WKH

PDQDJHPHQW EORFNFKDLQ WKDW %&%H HGV WR
b IR BRI Y o X

ORFDO FDUERQ HPLVVLRQ PDQDJ DQDl% G D WUDII

WKSDBVMHFKQLFDO YHULILFDWLR EL UDIILF FD
S0 Q © v Q LOJV KLJK FRVW 7KLV VROXWLRQ L

ZKHWKHUH DUH IHZ FDUERQ HPLVVLEF
31 &DUERQ (PLVVLRQV $FFRXQWLQPUHIXKXWHRIFKFK RI XSORDGLQJ GDWD LV
iy _ FRPPXQLFDWLRQ PRGXOH LV HDVLHU
In traditional power companies, greenhouse gaspp| QWHQDQFH FRVW LV ORZ
emissions mainly come from fossil fuel combustion
emissions. The current carbon emission data ar 22 Option 2
mainly accounted and measured by manua?" ption
accounting method and continuous carbon emissioBVLQJ HGJH GHYLFHV HDFK HGJH GHY
monitoring technology. HPLVVLRQ GDWDRIHEDNW ER @G RIHQWLRQ |
7KH PDQXDO DFFRXQWLQJ PHWKRGHGYH EBRHRWWBM XGODWDGYV WKH FDUE!
FROOHFWLRQ LV FRPSOLFDWHG FQEXWKWHODPWWD WIRDJHBWQRQVDQKW ZR
FRQILUPDWLRQ SHULRG LV ORQJ ZHYF¥KFHYV RFDROV VARRGX FL.E WBRPMBRHEH DQ
UH®OPH JUDVSG RPEDWERQV LQ DO @ MMHSHFRIVFRUBRKG® HPLVVLRQ SRUWYV D
sObQw DQG LQFUHDVHV WKH GLEDVFROWWKH RKRDVYWRQLHBPDV¥DRE@RQ HPL
SUHSDUDWLRQ UHSRUWY DGQGOUWHDUBERQWPRYVERQWIRWW 7KH VROXWL
LQVWLWXWLRQV $W SUHVHQW W KHRIQQWHXE B R R QIDDGF RP PQW HQUDF MH. F I
LV WR DGRSW &(06 FDUERQ HWKWVHRRXLSFRHDW. OKRYXVWKVH /$1 IRU GD\
PROQLWRBEFERDR ®RIW06 LV D WUHQGFRQ IX®\XRI HD XW R P DW L F DRO® \I IFHRTQX\H QR ©
FDUERQ HPLVVLRQ PHDVXUHPHQW SURIFFHKY V. VG BRVDPG XORQLE HF RVROWIKW GDWD F
LQWHOOLJHQW DQG GLJLWDO PDQDIBRBEGWQ R 7KHUERRDH MPUNGVRQVVLRQ
7TKHUHIRUH WKLV SDSHU DGRSWVIURKPHGIRAARXQRMLBRDUERWKRBLWRYLRQ SR
& (06 LQVWDOODWLRQ RI HGJH GHYLFH DQC
RI D QNVBORRIOW VR WKH FRVW DQG WRWL

ZHU :LUHOHVV HGJH GHYLFHV F
32 &DUERQ HPLVVLRQ GDWD FROOFIPMIZ% HOHVV @BQGRIUNISQDFHYV ZKHUF

JRU GMUHFFUERQ HPLVVLRQV D FDYRERQHWARRYWL RWKHHMWGIE GHYLFHV FDC
FHUWLILHG E\ WKH QDWLRQDO RU BrRREY RQYPWH®EHWMA DR B ¥ K /PR GRRY
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SRRU DQG HGJH FRPSXWLQJ PXVWDBGO0 LW \& K R PRGX\O X S&LE DHOLHE 19 \G HYRHEO
GHYLFHV IRU WKH RUJDQL]DWLRQ WR JDLQ PRUH FRPSXWLQJ

SRZHU RU VWRUDJH VSDFH 7KLV_V RQ X H, IRU
VFHQDULRY ZLWK PRUH FDUERQ H@L\%&ﬁ% RW%%&%WMH%\@G $S
GDWD XSORDPRWHDYGLWDBEOH IRU WKEXEEHdYLFDWLRQ

VFHQDULR RI FDUERQ HPLVVLRQ RI SRZHU FRPSDQLHYV

51 6PDUW &RQWUDFWYV

4:;/ \ &DR QV\\// |§N UHX FSN XLORV(\;,) ;\) RI; 03 |(_)|A) ) 7D %ﬁg&ﬁﬁ)@% ain, the contract layer only
o0 1DQ QM) ubQ ta riffcation smart contract, i.e.,
ORFNFKDLQ JHGHUDWLRQ &4 hdde verifies the format of the received carbon

emission data (tedlical verification). In this smart
Public node contract, the input is "a certain uploaded carbon
emission record”, and each node checks whether
there is any problem with the format of the carbon
emission record or whether there is any abnormality
with the recorded dat If more than half of the valid
nodes pass, then the transaction will be recorded in
each node's book at the same time.

Authorized
node

Public node Public node

Authorized

Public node
node

52 $SSOLFDWLRQ ORGXOH

Figure 1. league chain ,Q WKH DSSOLFDWLRQ OD\HU VRPH DS:
$ %\]DQWLQH EROWHEORFNFKDLQ SHYH@ERHRWREFRUGLQI WR WKH QHHC

FKDLQ LV FRQVWUXFWHG ZLWKLQ WXHDYORFWERE /P EVWKRE WRWHOPRG X ¢
Q Q | GLIIHUHQW VXEMHFwWV BV FF(‘:‘VR(\PHDPQ%G[P_‘%E ﬁﬁgié\ﬁl\%gg%\é;i
WROHUDQFH RI WKLV EORFNFQRLGQ-IRSWLPLj]iDE “WEQL_rli'(:g PRGF)E%H FDUERQ HPLV\

7DNLQJ | DV D@KHDPASOMHRGHV KWVYR G@HY wpfH IRUHFDVW PRGXOH HYV

VWDWXV DQG VXEMHFWV ZKRVH LQWHUHVWY DUH DV XQUHODWHG DV
SRVVLEOH VXFK DV SRZHU FRPSBQL&R F@QWER%DO QRGHYV
ORFDO FDUERQ HPLVVLRQ PDQDJHPHQ GHSDUWPHQWYV
LQWHUQDO SRDGMHW\ YWKLUGDWLRQQFPRRSWGEDHWHU ZH KDYH VWXGLHG KR:
QRGH DOORMYLURQPHQWDO SURWHKRNFWLRQ D&HS RO WPMEXDY.Q WHFKQRORJL
QRGH DQG FDUERQ WUDGLQJ FHQ@WMWKRP D WHRGHIQ GDW H DWINEHDRUMIDEV V X S H
(DFK VXEMHFW LV HTXLSSHG ZLW KWIKH OARRUGY WHIGY H D UE R O/ VORIGH HW VW K H
RZQ FDUERQ OHGJHU GDWD DQG D BEH BRHP DWWRRG EPKR BWISHOLOP HQW D
FOLHQW VRIWZDUH LV AVQVYAHD R 0 HBHWQIAMPK MLULP HHD®K FDQ PDNH WDUJHW
WKH FOLHQW WKH QRGH KROGHU FDQERBH WP K \FIDRIE R\QL W X B W GRIQR U$ W
PHWKDQH HPLVVLRQV XSORDGHG WEYDWKBEEDUWR QHB RXVWMLRQ EORFNFKD
FROOHFWLRQ SRLQW LQ WLPH IRU HMIPKVORQNUHSRUW DXWRPDWLFDOO\ J}
7KHUH DUH QRGHV LQ WKLV KHQRPUHF&DEQHDQRLEN LWFRQYHQLHQV
DFFHSWDEOH IURP WKHRY B RXE LWL HI WEPIRWH Y LWMK LR Q PDQDJHP HEDW VBH S D L
DW PRVW QRGHV DUH IDLOLQJ DvQHAJLIIQFRGHMMR QUBIJRQROLAVRX¥DVHG RQ
QRGHV DW WKH VDPH SRLQW RI WRPW LRKH GDWDHG RS LW FDQ VH)
XQUHVSRQVLYH L H VXGGHQO\ GQULVGERRQHEW WB LRIH VBWHOD\G G A.MQ V
FRPPXQLFDWLRQ RU GHOLEHUDWHO\ QRW FRPPXQLFDWLQJ ZKLOH

WKH ZRUVW FDVH VEHODULR “WKHBRNORZXHSHAR QMY ro wKLv

EORFNFKDLQ WKDW DUH IDLOLQJ DQG W . DUH PROLEL
EXW VWLOO UHVSRQOVLYH XQGHU Kw'g' 3 E/s\% W %@B@i%ﬁbﬁ%ﬁ@%
DQG VDWLVI\LQJ WKH E@RGRQH WD -
EHDW WKH PDOLFLRXV QRGH DQG VAT ¥
EORFN (YHQ LI WKH PDOLELRXV Q b( " :
0 g\ D ERRYM II_-:IR
k VP% Ve

RQ WKH OHGJHU EXW WKHUH LV D
WKH EORFN UHFRUG LI WKH KRQH 'QFE
QRGHKMREN WKH EORFN LW FDQ NQ K VRPSOHW
EHHQ WDPSHUHG ZLWK E\ KDVK YH S c

$IWHU WKH EORFNFKDLQ LV FRQWVWUX HERkSE¥EHECSY vhH
WKH FDUERQ OHGJHU RI WKH SRZHU FRPSDQ\ DQG GLIIHUHQW
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SHIHUHWQFH 15. 5DIDO (OHFWULFLW\ 3ULFH )R
SHYLHZ RI VRHMKBWWD \ZHWK D /RRN LQ
1. +XL / ,38& 6SHFLDOEBP®SRUWWRQH*OGRQW - )RUHFDVW
‘DUPLQJ RI f& 'UDZV $WWHQWLRQ WR f& 1 0D\
%ULQJ ORUH 5LVNV &KLQD OHWHRURORJLFDO 1HZV
2. $QJDQJDQJ + &KLQD V JRDO RI DFKLHYLQJ SHDN
FDUERQ E\ DQG WKH PDLQ ZD\V WR DFKLHYH LW -

10.

11.

12.

13.

14.

-RXUQDO RI %HLMLQJ 8QLSRBEVRW\ RI 7THFKQROR
6FLHQFH (GLWLRQ

;LDQJIVX & *XDQJTXDQ / O0OLQJ ; HW DO
&KDOOHQJHVY DQG UHVSRQVHV RI PHWKDQH FRQWURO LQ
&KLQD V RLO DQG JDV LQGXVWU\ XQGHU WKH JRDO RI FDUERQ

QHXWUDOLW\ - 2LO DQG *DV DQG 1HZ (QHUJ\
-LRLQI &KLQD KDV FRQILGHQFH DQG
GHWHUPLQDWLRQ WR PHHW HPLVVLRQ UHGXFWLRQ
FRPPLWPHQWYV >(% 2/@
KWWS ZZZ DT]\][ FRP VA\VWHP

VKWPO
-LQSLQJ ; %XLOGLQJ RQ WKH SDVW DQG RSHQLQJ

XS D QHZ MRXUQH\ LQ WRBLPOREDO UHVSRQVH WR

FKDQJH VSHHFK DW WKH 6SHHFK DW WKH &OLPDWH $PELWLRQ
6XPPLW - %HOW DQG 5RDG 5HSRUW LQ &KLQHVH DQG
(QJOLVK 7KH %HOW DQG 5RDG 5HSRUW &KLQHVH DQG
(QJOLVK

<LIHL : ;LDRGRQJ / %ORFNFKDLQ SULQFLSOHYV
DUFKLWHFWXDMW IDRY DESSHIHLMLQI 7VLQJIKXD
8QLYHUVLW\ 3UHVV

<DR\L + )HQJ - <X : HW DO %ORFNFKDLQ

EDVHG LQWHOOLJHQW RLO DQG JDV ILHOG GDWD $ EORFNFKDLQ
EDVHG DSSURDFK WR WKH FRQVWUXFWLRQ RI LQWHOOLJHQW RLO
DQG JDV ILHOG GDWD HFRORHX - 2LO DQG *DV DQ

(QHUJ\

<XDQ < )HL\XH : %ORFNFKDLQ WHFKQRORJ\
GHYHORSPHQW VWDWXV DQG RXWORRN - $XWRP &KHPLVWU\
-RXUQDO

6ZDQ O %ORFNFKDLQ %OXHSULQW IRU D 1HZ
(FRQRP\ 0 86%$ 2 5HLOO\ OHGLD ,QF

OD[LPLOLDQR &ORFERFKBGQR7 SURMHFW
GHYHORSPHQW 0 %HLMLQJ ODFKLQHU\ ,QGXVWU\ 3UHVV

>&DVWUR O ILVNRY % SUDFWLFDO %\]DQWLQH
)DXOW 7ROHUDQFH - $&0 7TUDQVDFWLRQV RQ &RPSXWHU
6\VWHPV 72&6

/8 &KHQJIJNXDQ &KLQD V FDUERW VDWHOOLWH DFTXLUHV IL
JOREDO FDUERQ IOX[ GDWD VHW IRU PRQLWRULQJ FDUERQ
HPLVVLRQV>1@ 6FLHQFH DQG 7HFKQRORJ\ 'DLO\

‘DQJ . 'DWD DQDO\VLV RI WKH QDWLRQDO FDUERQ
PDUNHW LQ
>(% 2/@ KWWSV EDLMLDKDR EDLGX FRP VLG

ZIU VSLGW B AR

+X = *RQJ : /LX + $QDO\VLV RQ WKH
,QIOXHQFLQJ )DFWRUV DQG &KDQJLQJ 7UHQG R
+RXVHKROG &RQVXPSWLRQ &DUERQ (PLVVLRQ 7DNLQJ
6KDDQ[L 3URYLQFH DV DQ ([DPSOH - (FRO (FRQ



