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Direct purchase electricity transaction model based on a consortium chain

TIAN Yuyang, LU Jinling, ZHAO Hongshan, REN Hui, WANG Fei, YANG Zifei
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: At present, the direct purchase of electricity by large users is mainly combined with a quota system. This has
become an important way to promote new energy consumption. In order to explore a transparent and reliable direct power
purchase method, relying on third-generation blockchain super ledger technology, a direct power purchase trading
platform based on the alliance blockchain is built. First, the direct power purchase transaction and carbon rights
management functions are automatically executed in the smart contract to ensure that the direct power purchase and
carbon rights transaction paths are safe and checkable. Secondly, this paper introduces green certificate incentives in the
direct power purchase market, and designs carbon emission rights trading to participate in the direct purchase market, and
analyzes the models of different trading methods. Finally, transactions are run based on the designed trading platform to
complete the whole process of "quotation-on-chain-block production”. The results show that the participation of carbon
rights in the direct purchase market can punish high-emission companies, guide emission reduction through market means,
and provide new ideas for the construction of direct purchase transactions.

This work is supported by the Key Special Fund of Intergovernmental Cooperation in International Science and
Technology Innovation of National Key Research and Development Program of China (No. 2018 YFE0122200).
Key words: blockchain; direct power purchase; carbon trading; carbon neutral; quota system

0 38

K B 2 i AT A A ) Al B
AR5 R L BT RE IR F vt ELRR AR LTI L 5 TR 1
RSB XA 5 A DR I S E
FplLifl, P i IR AL B KT B 2020
TS, KA EM B SR TR, |

BEEH: BRE 4K % B B IRA A3 A E &
+ 371 % 85 (2018YFE0122200)

N AN ST o O 1 RO 2 HT LA SO
KA BN 8 R, X7
A AREAR A A B slecAs,  53— i m] AR i
IR ). (24T “Brikide, BrhAl” (I HARSIGTR,
AT M I R BE AR s BN T REIRFF I E 0% . K
R B RS RCHH] 1 2 5 AR, e 5T
FAEEEAME. BT 525 T I E W B T L]
Xt B AR b FH PR RRAS , SEBRLRRAHE AR BT BB

A NG EVRREN SN Wi g P S EPS o< pris
1T T WEFE. SCER[ANSR B 1 R B LR g A i



-140 - ®hEREY DA

Ll a7 3 WA B A S
SCHR[2-3) St BBt IT 1 KR P A KA 5 B F
BEAT T vt Bt . BUA B HEALEDE R 2 5HEE
VRTHANRC A, SCBR[A1E S5 1R Y LR & Hr Re Uk
A2 Sy VLHE H) B LT 8 o SCRR[STA R B 5 X
TR IR 25 W R AT AT 20 A, R
LT R

BEVRAE 5 B AT Rt 22 A AR e8], 58 3 B
WAL RGAE B IR, 22 Gk, H B AE
G EARBRA L AURs R RILRR B FrEoR
RSB ) T % e fa g iedT. XN —
Tl 2 T A R 46 10 20 OB P AR BE R U1
N A KE AT, SCRR[18] 404 T AN R X B
HEIT R AR, N T XRBERORE R e 8
. WS ENA . SCERI91 4 T X HLEEE
R TE RIS ZE T AR, DA o5 e A AL )
PER RGN IE AR . SCHR[201#R R T B5 BEBORTE I
B BTS2 (M52 2 N F Ao PR R v B o FL
M REAEH] BB B . SCHR[21-22) WA B R 55 i
R EDUIR AR, WHie 1 XERBEROAR S 512804
HURMATIE o SCHRR[23]F 3 1 — Fofr i 1B A X L )
oA AR S B M . 53 SCROR - X ERBEAE SR IR
FORAE 5 LRI TR T RIFFE . SCHR[24-25] 5% 4
GUEF T AR T X B AR 2 PR AT B AT,
IR T ERAESE 5 T REAHE 1 TN T X R AE
WA 5 7 IR, SCRR[26]E 3L 1 BRIC A A
PR JRHER AR UL O R, M IS5 g dE
VRN =R M8 . SCHR[27] 04 FH K B B AT
WA GRS R, I 4 & XERBE MBS BE BRI
T <R EE AR EE . DL B SRR 2 TR X
ARG R E, (HIFARE B B AU

ARIAEBA WAL b, 25 8RR X PR
AN T BRI SoRAE S, 46 B 5%
R TR X BRI SE EA . E S 1 IX
REESOR S HIWHR TN & =, 8 T IREEEIE S
RRRE G LAERGEIE N, T B R G20
ARG, W RS20 B BOEAT B i S BRAZ 5
RSB, S aE A2 H B ATR SR e
BN HIER . IR, NRRERES 5 5 EH I
HLEE BT, ARSI s 5 s T AR T
SRR B T T EMTR NS 555 wa,
BT BIIKAT 6, ELWEIE N7
UE, UESE TSR H EL AR R AT AT AT AT

1 EMRRER AR
LT3 A7 b ) B W T 970 1 S — ol e ok 52 5 A

X, WSS EUED LB S ES G, moA—
FROE 2T RE TRV N B T B . 4Rt Bl e
8L, BRHEBUE N —F R R OR AL R R . 5 8
B E WA 5y A HE RS 5 e, Wk — e 4
AIAEMIAL ) BB AT B . AR SUIKEE X BB 1)
BRI, ERg& KA 5B
BEIEAERHERAL 2 Y, RAHREIRE T
A5y Fh, BTG R IR KR .
1.1 XERGELEH R & EE

X Pk & — P oA K A R Ay, Ho 4G
Al L A XSk 5 X Hefk o X e Sk B )R] K
(timestamp) FIBEALEL (nonce) e — AN X BRLAM i 3%
R — > X B A 75 1 (Hash), 36 B 405 Merkle #RY
R 2L R AEE 5 rh ol RSk
PR O 5 A 7E 7715 A il %k Hash {. X3t
RS X Bk K2 Merkle #4115 043, HoAh
AEHE R BB e Tl %, RERT DAEIHCE 5
5, AT DU A B o AR T R,
XSS A AR AR EE, #RAX
WIER 1 Fow, AR W B 1 2H 23 45 4 AR PR P A
T E TS G35t 4% HR I R BE AR ESE 1
MR HESEBRL SRR S5 ThRe, TER TS Rt
TR, AT EET Y, EE A
SRR L, BIAS G T AR . Ho, R
BT RO AR R, OB, A R g R
FERARERIR, RcKAEAREHE . TigE
PR K P S R AR 51 s, RIEAS
SRR, Tl FAEARR, e ) Thae 2

NRIZZGER . XA HE B LRI 2R R 5L
Sy WA AT IEIK

1 XPGEHERR A RIITEE
Table 1 Comparison of blockchain link types

B [SE N LR &Y
o ATRAH N, -
NHEE ——ra POW U7 10 TR 3% 5%
NI AR T
b BAp ) S

A TZﬁ;* POSPOW 3K, (4P HEUEA

7= AR
—_— ﬁ%img mmMﬂw M@@mﬁg\%ﬁ

AT SBFT % 4 B2B 75t

DX P 228 Bt B30 2 SRR S0 AEXS
PRI 2 H AR FE A5 . FEI IR RAEX P N
WAy SRS AT X B Hash {H, JFztt B iRt
SFERSE /R TR BB AL S Hash fH. ERIKAL ST
R AER AR I 5k, Has /R E 1 fos, &
N2 5 BT ERE B AR, 25 E



7,

T 1Bk i DX R A B0 P A ) A Y - 141 -

WEHNLZHWER, RAMPAT 284, ST IX
REEMZE, BBLNZ G NERIERIESZ . 1%
2 FH P SR B 4 R P 28 AT A x4
AR ES TN E /P

r
|

| [Eres Hahith ) [eedsE ] #

Ay ‘ AP fl

o nlEE ™

: BowE]

. ! of b B E

il AT |

B 1 XREEMZRE
Fig. 1 Principles of blockchain encryption

1.2 SRAMEMBERZZNELRIT

BRELR - RAEARRERIEN G AR
s RS Z IR X P DU — AR Eu R TORAREE, A
Hg a0 R B mESE. S XREERARE
RV, LR AR BREE LIRS A 1 e 5 207
oS = ARIX BB KA B EERS . BERDE SC T
AN BB, AT DU ST 2 ORI
2y, HIMHTIZ S5 TR s R A bR B S AT
Lo B EERS G128 %e, RO R ey A
LR 7 e 1S s . B T S B B R Z
PR 2L SRR R bRt . AL GE 3 EIRAL
MO NG IR HERHIA % IrpE,
KNI R A T 0T IR okt =2
mho RIS XCERBESS & R HEAE TR &
AmBeit, EES LN R BT I TR R L
A RO TR 5 N RN N, ikt T N3 5 )5
BL P Bk

FEBEUH 5 RERRHE BN B BE 5 200, RS BI5L
SxFRIRVEAR, DIR[0 5 205038 R AL
GEABEEZ L. BT RCsih i B R AL
DE eIt (1) BT B, AR HRS 2,
HENS 5 ERL SR ES R . FNEREK
N BN IR, SO SERE, B
ARERCC K (2) FEAZH M FINA R, A o) i
ENMRAT L%, PATERRE L) RBAZIERS
M EARRIVLEC R0, AR, A%
AR (el e, RN AL 5 W7 EHEERL. (3) AN
LS BUE, IR AL RGNS, MR S S

21, BB RS &AL S E, AFEANNSS.
TREE A G I 2 AT 4E

TER T RRHE N AL 5 R R B 40, AR E
FEE: (1) 75 ECA A B BB, I WA AR BE T
PRXT & ERATEAL, JEESUTEENS . #25E
FREL AT —Ed A4, BT BE R E
IFLHERBIHEO AL 55, B T gL A8 sk
AT DA 08 il A e - (2) 2458 i — N UBUE )
JEARARY, BERDI B h R R G0k 45 G P R F AR K
LT BRI PATE N, T HiHE s
B, HESIPATICER L. 8% 1 EBUR 42
THRET, 25 FREERHET TSR, TR
93 RIEVRHEZIE I E R « (3) Akt NAZ B 45 5
BB, il RIS R R AL, HahMT K SEHE
BeiE. BETHERSIIC 5 T TR IE A R THN T
%, ARSI GRER, LG A

A Gyinids, ki 5 EW TS A4 — B
WE e, BIHTIsE, WIEET HIPATE S .
BFERg b RAZ Zy N —J7 T n] AR B 4R,
— R UAE R A R, (T 5 R AL 5
A o
1.3 HEWR 5 B A%EH

BT B IREET & 1 EIW T I 22 2 FoR,
ST H RGNS R RS ZA B R &
REREE REAHN, ESEZMERE, MWK
—ANREBUNHRLSD RS (ERET, G55
(B % [X A FH X RSk A IX SR 2l s 532 5
IRAZ A S B ARG T X Herb, MRS E
Ak 55 ESE R s 1T CRF. IR EH, Wik
VG B 5 RRREMME R, X HHLHRED
AR ALK (Certificate Authority, CA)™Y 471 MHE
BHHENGE. NEEE T EERNEESE A
P, MR YR BE AL A A S A R R G — BRI

Rz RDNGE S

********************************************

! I
!
O | |

ashi i
i
L T —— Al
P g | | e i |
TEWRE | 1 x| 18
i o :
imestam

! e 4 i
3 | Timestamp D R
R RLET
crkdel TR | |
MerkleH riylyiiyes i :
I:/E% |
|
! 1
i

[ 2 BB 5

Fig. 2 Consortium chain direct purchase transaction structure
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Table 2 Cross-regional transaction losses and transmission costs

X3 2% i FHL 9%/ (token/kWh)
A-A 2 0.2

B-B 2 0.2

Cc-C 2 0.2

D-D 3 0.3
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A-C 7 1

A-D 6.5 0.9

A-A 2 0.2
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Table 3 Pending orders of large user
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Table 4 Pending orders of conventional unit
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Table 5 Pending orders of new energy power generation
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Table 6 Direct purchase transaction results without carbon emission rights

HiE SEAE %/ (token/kWh) SEIEY A/ token B EEVR SR E/ token R HLTR U 75/ token
TR 1 BMWHBIREAE S — — 7 247000 39 787 000
250 127 400 7 265 400 40 251 200
J7 % 2 GEIF+E W AT 300 151 600 7552 100 40 473 000
350 173 800 7 852 300 40 627 300

R7 SHHBINEWRZHER
Table 7 Results of direct purchase of carbon emission rights

PRAFEICR: SEIEA %/ (token/kWh SRR A tok
Zxuk 1 Zxuk 't
Sy S5 WAL 7 K/ (tokentt) HEPT R (token/kwh) HEH i froken
H1 H5 46 764 2301
H2 H5 67 983 2215
300 151 600
H3 H5 41292 2480
H4 H5 19 266 2137
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Fig. 5 Initial transaction account information Fig. 6 Transaction result transfer diagram
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