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Abstract: Blockchain, featuring a decentralization, encryption, non-tampering, transparency, fairness and openness
breakthrough technology, provides an fundamental solution for global energy transformation and upgrading. Based on the
definition of energy blockchain, description of its main characteristics, technical framework and potential, and typical
engineering projects applied blockchain technology in microgrid, oil-gas field, renewable energy, and shared charging
stations (piles) for electric vehicles, Industrial Internet of Things and smart grid are analyzed. These cases provide
recommendations for the sustainable development of energy blockchain in China.
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Fig.1 Structure of energy blockchain
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Fig.2 Technical framework of energy blockchains
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Fig.3 Topology of the BMG project
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Fig.4 Application cases of the GumboNet blockchain
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Fig. 5 Development and application timeline for WePower
U5 B A R AR IR RE 5 20 — i 54>
Bl A BRI G 5 LUK Y HE LR A7 4% T L X
I, DL K A SR WePower b 45 45 4 ) B £ X e
B 201944 22 WePower HE4T T HEFUHL T HESME
wMHEAMAHE ARG, 245, C/FE2Y TR
26 000 h #1124 TW - h (1 BE A FE 1A 7 Kb B A X
e, A= il T 249 390 A RERE YRGB IE 0 R SE
i, 57. 4% W52 5y AT AEAE 5 min WA AT A (L 45%
TEX ) i 25. 0% 1928 5 78 60 s N BN,
10. 6% HY2Z Zy AL BRI ] /T 15 s, R GEAL B AL
P 2 X BAE By B A 18] 534 A ] 6 s

|
KF¥1h
10~30 min

30~60 s,7.8% 5~10 min
1~5 min
30~60 s
15~30 s
MF15s

5~10 min,14.7%

1~5 min,30.2%

E6 WePower 3 5 #I\EE 27
Fig. 6 Transaction confirmation time distribution of WePower

LEAl , WePower t 1 4f 7E SR FIE | U BE 445
FE ) R o

i 1t WePower - 55, HEST T #1144t
REIRAC S 119, el 1 4% G2 1A v DRl (PPA) AR T
1~3 R HL 5 W L PR SOR F i R G FE 2, fRL T
Wi sh Ve 25 8 W R IS5 5 T A AN 2 i A3 3
FH P AT B2 X' A H T AL B2 W SE SR (A e I
AT REAR T 1T P B TR I 8 AR, 2 T P P A fig
DI RSS2 a
2.4 FTHAREWERESRIETR

AR BR R IE 45 (REC) WARERIUE , 48 3 Tl

ity T3R8 ] AR RR IR L B B BRBE AR ALH
A v g A (A AT FR A AR 2 Y AT F AR Rt Ao
BH S A R TR R IR AR GE R R SR
A PR IE R A SOAS . A AR BRI L
iK1 MW -h Ff-Hi % 20 s S, BE& 3 REC., AT 2
X HBE HR HEAT REC ] F-2 BE I & P 19 18 5
BRI, A ORAICHE 1 LS TSR A 2 A

SUERAL T PE BEF 9 F] 4= RE YR B3k Tberdrola,
5 Kutxabank 8217 G1E , T 2019 4F4EH] 2 58 W T 1%
J7 1 I T H o %I H G B P E N 3
AT PR A R R L 3, 2302 A T LT IR 4 Y Oz X
HL 37 L JIGGA P PE P14 1Y) Maranchon JXUEE 3 0 A P4 1.
Hi X 1) San Esteban 7K HL 3l o 33 26 38 335 fig 5 B 5 4%
{37 F Basque ¥ Kutxabank 2217 538 M FHo b 25 p% FH
FiriE 4 . B H R BE U R KL 4 25 (Energy Web
Foundation ) i) FF U DX S5 - 15, LA A2 R IR AR 1T Y
WA Oz BT ORI H I W R TR P R
U B P 2 B, Fu i P A R RO L ORI
THFERY SR A RETER F WRLE H il

DX P AR e — ol i 2800 AT RE A BE DR 43 I
2, AR P B e IR I A AN R e
H BRI IO 25 XF A T P o LR RE S 20 AR R
AR A, 22 % Z 0 L I, 5 2] A 3l E
ROFPAT , N4 7 AR, BEAR T A IR g 1
Fafh, U0 KL, AT fRA BRI IE#E AR ] 52 42
H 34k, I B T R BE (4 T 38 9 AT
fifi 58 5 A8 45 T 037 W RN 42

W Z X PR ST R HL B S L
FH P RS TP A R I M R Ao R 1 S92 I R B U5
AT AT R B FH Y R I SR AR 2 100% n] PR RE TR,
R AT A R TR U S R R AR T A R
B LR Ty 5 o IR BN %y R
Jon i 28 U i e AR 1 DG B AL R R T E Y
), 3858 T Iberdrola AR L, AHCHE X HUEEAE A H:
B0 e B 0 SR TR AE 2022 AR T £ A I 50
ACTRTT , ¥ DX L R 3 LA 5 i AT 4 RE 5 0 56
UEH B W 752 5 MR RER T 19 Bl I 28 Ui L BE U
AT 158 58 by HEATIN A2 ) TR &[]0
577
2.5 BH;REHZ=RBIE (M) WA

5 [%] Innogy Innovation Hub 2 ®] 4 H T #IA K
J2 LR B A A7 B b dsc 709 HL 3l 7 P2P SE L IO
H ——Share & Charge. %% H F 2017 4F 4 H #fi i
1. O WA , 78 56 78 [ 30T 1 500 23 25 e i, I P
HA e R RE TP 422 44 2 Share & Charge 1)
FHRR Y IF 58 IURAIE , {8 ] 72 Fir A 2 T W A9 5



- 80 - b R ¥ 42 %
TEPEG I 19 70 FE 7R 1) 75 L D) B 11 L Bl V4 P VE AR R L T, 76 T AR A

Share & Charge 2. 0 fiiA< T 2018 “FRAE I, 7E
A B R F YR 4R (EV) 5l SRl 38 hn 148
T EV FEHAE, T FA N L 3V 4 50 H A B A
137, S0 1 L5 e A o 2 9 2% 12 AL N R0 25 Y
778", Share & Charge 2. 0 T 4381 |37 B 1) LA
R G5 DXCHBE T i 58 H 42 1 (OCPD AR iE (5 ALY
el A% 22 TR Ml R B A T Ll (R ) BT A 5 AT ] At
HRRE O SR 4 e L ol () rh g L, DA T S B 2
A AE A T AL SR A e A IR 55

Share & Charge H1 2 75 4= 78 Hi, P2P W 2% 71 22 4
K7 Jit s o 70 H il () 0% T A 35 78 22 4% “Share &
Charge” 2 AU A2 7 (APP) J& , AT 7 0 L 5 v
(BE) LA LK o 8 % %4 3T 2 Share & Charge
APP Ji5 ] 0] 2 5 11500 i T 25 5150 H sl (E ) (49407
AR R IS0 B R 09 70 Ll (BE) Jy HOR 4 58
Mo VAR e LA S 5 R P AR 2 I 2 e T
TGO B 2 58I i E , AT LR B0 P R A A
F0 L5 UG SE S AU o DLR Y e AE B o A
vl (FF) FIr IS H 9 %% FH B Share & Charge AbPE | fr A 28
oia B LRI i 7F Share & Charge #8407 , H 7]
W i b A T M R R

EM [X HU i 14 245

R

[#7 Share& Charge BzhiEEFTE P2P ME TR

Fig.7 P2P network of Share & Charge EV charging piles

T XCHBE I 3L e s wl OB ) 3T H AR
PG mEIL AT AT DG A L S sE ety ()
W] BRI S R DL B AR AL

(1) 8 nm] B 78 A7 B 80, e o i sl A
(8 A o P2P 3t AL I A /0 8 80 E A A T 45
5%, HACH AT 7Y IR S LRl . P2P SEHY nl fd
FE ALl CHE) BfEAR AT DL, 982 1 4 2 A0 e o A JE O AT
fie 2k L Bl AR 0 e, M ) T 32 48 1 TR <
B, LAt — P B U

(2) 2 #E 4= 45 2] L 1 (Vehicle-to-Grid,, V26 ) £
RIS o V26 HAR alHs B AT H R A W

ef I R, 7 P R R W e S AL DT A 81 ) ) e 3
BRI 2 PR T AL 2, i H
A B 28 i H D) ) R R A

BEAR , X EEE A AT RE T Tl e ™ (11oT) 5%
PR PR T B WA BLAE . 92 [ Filament 2 B R E
2018 4F 5l HE T Blocklet i F i 2 Ko B 428 i ke 5
%, 2+ Hyperledger Sawtooth 45 JF i X HL 561 5 .
7K Blocklet st i ABLAS AN 3 ol HoAth 11 2515 4%
e, A AT S R AR RS S X HREE 1Y) 2 458 HORIAE
Sy LA WP 7R ER R PR AR B AR T Y
ANE A H A BB Z Blocklet ot Al A I8 B 44 R
T IR A R R T L TR ) R AT
B35, 52 B C ) A = R 3. 72 R PONTON A ]
e T T X R R T H R S A B Y R
14 Gridchain ( HL 8% ) , B 76 32 T+ I & H B
FL JC FEL R A R (] ) BN, A i T 2 A
Peft sy % . BT E. ON, RWE %58 i 40 S RM
AETRA A B ESR , PONTON M 2017 4F 5 A JF IR A4
24EJGH#EH T Enerchain 1. 0, X J& 5 35 T X HesE
F) BE W5 53 A1 228 5y FE At it , R WRMHL [X e 42
¥, F 201945 7 20 HIES Bizfr. BUS TF
vity 21 3t 5 55 SR /N T 1 s VBRI RN L 1 s B4R
RPERE, RS T £S5 2 (8] SC e s B s
[F 20 28 Zy i F

3 MEREREFEXRERBREIY

BT[] P BB IR DX BB 9 8 Iy A S L TR
S5 TR BRI [ BE R DX BB & R LA L
J7 T T o

(DBUOR T RRIR K HEE 2 — DB A Y,
P L =R R T N LY AN LE I (T
SERHE, 22X B E B A I BE RS I 18 AR UM A
HREA AR R B R AYE M, I 24T O FOH R g
IRARGEA T WA s 6 4% o DT Jes #48 5E F ) BOR 2R
S5 MV IR 32 A 0 TT A S AR RE TR DX R B 19 R R
JeZmCH B, @ BEUR RE IR A TR T R BE
TRIX BRBE Vb & "I Uk, SCRFRERA T L 4% 07 S FHF
WE BT | IX Bt R O Pp2 PR IBG B A5 e () g At e 25 1) g
DR DX BRBE ™ M A 2 e

(2) R BERREE o B DX LG A < Filh 25 AUl )
FA 3 [ e U DX HBE 1 AL ke 28 B B, i 5 5
AR RETR A AL PR BE (B RL 5 4 BB 2 0T IH
AR PR . B A1 AR R X B 4% 19400 B Ak AEAIF K
B BORAR AR AT 2 AU L5 R I RE T Al 257 1 5% 4
SCHF o ARRTTIE ] N RE IR DX R B A9 B LAl 5




% 8 27

KT, % B FRALR K e sk AT B B R AT - 81 -

W RARBH A R, FRNRERASE L,
PRI 7T B — A R il 5 R, DA D R U X B
BRI Rl XE Rl A — R

) LA AA KGR . X E 8 1 B2
XF A 2 SERALT 5 2 22 RS IR IR R 2
— PR T & R R AR s | ag B A
PUEIL S EAR W B, R0 HIE R (R n%  4&
ELZHIE A TG T KREHE &7
THE A e TR —UE BEAR AW A, 2B
W IXREELE G BB AR AA B sk = . ik, 75
KM Ll 11 52 A 0 X B e b B R N B %
I, 2 R 38 158 X e B AR B E AR i Xt g I
b BB AR A2 T, A RE AR TR [ A R X Bk
S (A PR

(4)FRAEfR R o AT b i DX S A2 o fk
JNITT, 20T ST RE VR DX et /4y A =K 81 1) s v 44
F, DL BUOR TR X B 2 1) i o BRI S 5 Rk
T8 X e A G B WS L 4 L BRURA B A B N
GRS AT H . FAh AR R R A E R, ]
P54 5 O A BV bS o (] ) LR EPE RN 2 1 W L
FE VA DX Bt (et B ] ek & SR 138 V)75 22

(IR A T, K HesE 4 58 X 45 W)
2 oy Ik JLURE FRE A Y B eE  H R
1B AR BSHEAC T BEY R SRR O R R
T V) R B X B ) % R s A n bt 3
B R DX B A2 0 S R AR B B0 B g Y, 2 e D 8
ez 548 5 T E/aE RS 2 A EL o) A =R RE IR 58
5 ERUE R AS Sy R TR HE THoT 22 42 W 4%
G BEVR W ER H B, TP R AR G X BB A
HJ7 ZRN S A R R DU RYE )T
DIIE BCEAT B 320 AU BE IR X Hss R .

(6) i a v FH & e i 5%, i sl a5 500 H v b .
T 45 DX LB () 4 A S BB VRS 1 JR 1 R 5 oK
FRAEBEVRA Tl 2 U TG 114 S A RN A5, LARB IR/
PRI sk 38 Gy R FHAE A B RN AR IR Y 42 AR
i JEL I R A A A A R DX B A Y T SR 4 M AT AZ O
NS SEREIE T FER T BE R X HUBE Y 3R E 56
SR REE bR AISE S 5, 4k M R 47 KU 23 B AR /8%
2550 MT , i i VD SE AT AT B TRR S %6, IR AT A
JO7 1 4 B B8 g PR e, AT 4 30 3 T i D X B
BERLAA 0 P AR

4 LEFRIE

REVR DX B e — ULV I BOR | [l B b — 28
DX B EER] B ol AREIRAT ML B Sk BT AR AE R I |
P2P 52 Gy (WS R R TR B as o R A

HURL B T SR T R BE L A5 5 I e
Frooide FE R 5 e HERE IR DX B g =l A
L TSR, 407 (3 56t RE DL DX BB 1) BIME O
SR PL RE T DX HR B A ERIMIT 5T, 70 A BE U DX B i A 32
BN S5, Sl RE IR DX R A5 T T IV B4 1
AR FE AR IR DCHRBE B TR IR BRI AR A, A RE R X Bh
LRl R e P R TR A R T2 ) AR R B 3 2

S

[1JPANETTA K. Understand the 4 phases of blockchain
evolution and explore potential business opportunities
[EB/OLJ. (2019-10-14) [2020-06—-19]. https://www. gartner.
com/smarterwithgartner/the — 4 — phases — of — the —gartner —
blockchainspectrum.

R2IChER T AR B)giiZE R PR R e - 42
A M Abnt: s g R, 2014,

[3]KRISHNAN S, E.BALAS V, E.GOLDEN J, et al. Handbook
of research on blockchain technology [M]. London:
Academic Press,2020.

[4]ZHAO Y H, KE P, XU B Y, et al. Applied engineering
programs of energy blockchain in US [J].Energy Procedia,
2019,158:2787-2793.

[5]Blockchain technology in energy market 2020-2024 [ EB/
OL].2020-03-17)[2020-06-15]. https : //www. businesswire.
com/news/home/20200317005362/en.

[ 6 Blockchain technology in the energy sector market analysis &
technological innovation by Top Key Players Accenture,
Oracle,Amazon Web Services(AWS),Deloitte, Microsoft,IBM,
Power Ledger [EB/OL.].(2020-05-08) [2020-07-30]. https://
www.openpr.com/news/2039678/blockchain—technology —in—
the—energy—sector—market—analysis.

[7]A microgrid grows in brooklyn [EB/OL]. (2018-02-16)
[2020-06-15 ].https://new.siemens. com/global/en/company/
stories/research—technologies/energytransition/a—microgrid—
grows—in—brooklyn.html.

[8IMENGELKAMP E, GARTTNER J, ROCK K, et al.
Designing microgrid energy markets a case study: The
Brooklyn microgrid[ J].Applied Energy,2018,210:870 - 880.

[9]What is Tendermint? [ EB/OL].[2020-06-18 ].https : //docs.
tendermint. com/master/introduction/what — is — tendermint.
html.

[10J]SHARMA R. Brooklyn microgrid gets approval for
blockchain-based energy trading [ EB/OL]. (2020-01-06)
[2020-06-18]. https :// energycentral. com/c/iu/brooklyn —
microgrid—ets—approval-blockchain-based—energy—trading?
utm_medium=PANTHEON_STRIPPED.

[ 11 JROGERSON S.00C consortium pilots blockchain on oil
and gas field [EB/OL]. (2020-06-16) [2020-06-19].



e 82

Ao 3 K

% 42 %

https ://www.iotm2mcouncil.org/oocbloiga.

[12]TILL E. Technical report of tokenization pilot [EB/OL].
(2018-10-26)  [2020-06-21].
WePowerNetwork/wepower—testbed/blob/master/

https ://github.  com/

EleringPilot.ipynb.

[13]0penbusinessC0uncil. Blockchain, the missing link to
transform electric power industry [EB/OL].(2019-01-07)
[2020-06-21]. https://www. openbusinesscouncil. org/
blockchain—the-missing-link—to—transform—-electric—
power—industry.

[14]TILL E. Technical report of tokenization pilot [EB/OL].
(2018-10-26) [2020—-06-21]. https : //www. wepower. com/
tech/index.html.

[ 15]1Iberdrola uses blockchain to guarantee that the energy it
supplies to consumers is 100% renewable[ EB/OL].(2019-
01-14) [2020-06-21 ]. https : //www. iberdrola. com/press—
room/news/detail/iberdrola—uses—blockchain—guarantee—
that—energy—supplies—consumers—100-renewable.

[16 ]GARCIA H.The next Share&Charge [EB/OL]. (2018-01-
16)[2020-06-23 ] https : /medium.com/share—charge/the—
next—share—charge—bc516807ddd6.

[17]GORANOVIC A, MEISEL M, FOTIADIS L, et al
Blockchain applications in microgrids an overview of
current projects and concepts [CJ/IECON 2017-43rd
Annual Conference of the IEEE Industrial Electronics
Society.Beijing,2017.

[18]WILTZ C. Filament's new development kit makes
blockchain simple for embedded engineers [EB/OL].
(2019-04-10) [2020-06-22]. https: //www. designnews.
com/electronics—test/filaments—new—development—kit—
makes—blockchain—simple—embedded—engineers/
19846617860591.

[19]MERZ M. Enerchain 1.0 is live! [EB/OL]. (2019-05-20)
[2020-06-22]. hitps://enerchain. ponton. de/index. php/
articles/2—uncategorised/37—enerchain10live.

(2047 E , BT 4 , i DL R ) HOR IR S e 2 [ ] 4
HLEEAR ,2020,42(5):73-78
YANG Xiaosi, TAO Xinlei, HAN Li.Status and prospect of
virtual power plant technology [J]. Huadian Technology,
2020,42(5):73-78.

(20 b7t , 045, 20, 5 BE T3l D i DX 43 19 43 A =X
AR B I IR BRI A [0 ). AR L ER 2020, 42(4)
23-30.

ZHONG Shengyuan, ZHAO Jun, LI Hao, et al. Thermal
economy analysis of distributed phase change heat storage
stations based on urban functional zoning [J]. Huadian
Technology,2020,42(4) : 23-30.

(22 ]9NESE, T UL, P , 55 v vl = It 23 7 X RR R R
Geiseitk )] AEm R ,2019,41(11):26-31,56.
SUN Siyu, YU Chengqi, SUN Tao, et al. Advance in study
on CCHP distributed energy system [J].
Technology,2019,41(11):26-31,56.

(23 ]2 =, 55 3CHI . TR AT m] P AR RE IR AR () ). A,
2018,40(9):72-76.
JI Yunsong, GE Wengang. Analysis of renewable portfolio
standard[ J |.Huadian Technology,2018,40(9) : 72-76.

(24 B E , BB & . 235 REIRBOR R IT ST ) ] B EOR
2019,41(11):22-25.
YANG Xiaosi, TAO Xinlei.Research on integrated energy
technical route [J]. Huadian Technology, 2019, 41 (11):
22-25.

(25 X FE P, T0R S B K AR B B 7 I 2 9 S8 2% 5 0 A
[J]. A 3R ,2018,40(3) : 66-69.
ZHAO Guotao, DING Quan, NIE Bing. Consideration and

Huadian

analysis about carbon asset development in thermal power
enterprise[ﬂ.Huadian Technology, 2018, 40(3) :66-69.

(26 | =BG . 32 A Wy R e v i S g e B (T .
RHHAR,2020,41(2) : 142-149.

XIA Chaopeng. Prospect of ubiquitous power internet of
things in electricity market [J]. Power Generation
Technology,2020,41(2) : 142-149.

(27 J5RAREE 2R, ol , A% 5 IR IR A R I 45 22 I L iz

TGS RE ML) B A s feic s,
2019,39(8): 195-202.
ZHANG Xiaohui, LI Jiaxin, ZHANG Lu, et al.Integrated
energy system planning considering peak - to - valley
difference of tie line and operation benefit of power grid
[J].Electric Power Automation Equipment,2019,39(8) :
195-202.

(A H % KM)

fEEREAT:

7 (1997—) , %, WU SAR N FE et - 0F 98 28, A
L T AF B2 A R AR B R A BE 4% il AHOC A E (E-
mail : zzhang191@sheffield.ac.uk) .



