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Abstract: [Introduction] At present, multi-energy complementation is one of the important means to reduce the phenomenon of
renewable energy curtailment. With the advancement of power to gas (P2G) technology, the conversion of power and gas has also
become an effective way to ensure the supply of comprehensive energy systems. However, in the current P2G link, the power-to-
hydrogen (P2H) technology is not economical due to cost constraints, and sustainable development can only be achieved by utilizing
resources such as curtailed wind and light. In addition, carbon capture technology also supplies raw materials for the P2G link, thereby
reducing the gas purchase cost of the system. Although there have been many studies on P2G technology, few studies evaluate the
comprehensive benefits of different links in the whole process of P2G. [Method] This study attempted to construct a microgrid system
that is mainly based on renewable energy power generation and supplemented by gas-fired power generation, and conducted detailed
calculations for the P2H and hydrogen methanation in the P2G process. [Result] Taking into account the conditions of carbon market,
hydrogen market and methane market, a comprehensive evaluation method is applied to compare the economic-environmental-energy
efficiency of P2H and power-to-methane (P2M) in different scenarios dominated by power demand, so as to provide reasonable
suggestions for promoting the application of P2G in different scenarios. [Conclusion] The results show that when the proportion of
renewable energy power generation is very high, the microgrid system with P2H has a higher energy and economic value than that with

P2M. Although it is a little less environmentally beneficial, but the difference is not significant. The microgrid system with P2M performs
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optimally when the proportion of renewable energy power generation to gas turbine power generation reaches the optimal ratio. When the

proportion of renewable energy power generation is less than 65%, the benefit of adding P2G is not good.
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AR, LR A A w XN P PEE f(w) 5 32 IAL
o XTI PO E £(0) LS5 B AN FE o, 7 1 PE A
{8 £.(o) M 22 W /N B B, B 15 B0 O 35 T e /N — e
1) AHP Il CRITIC 44 TRAL A= 8.

minF = " 3" [w; =)/ T +[0w; =S /T
s.t.zn:wjzl w; 20
(42)
AR b 20 XA X R AT 3 0 432, ELHG
AN SR FH AU 5 s o A B AR SR TS PP A, T 2
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:—EEEP:
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PR L £ 5 P vE B AR JRU R AE — > nfT mB)
FEMEh, S B AG, AR5 T0 R NGE TR L (Rank-
Sum Ratio, RSR) (121 yrse ) s 7E MEIEA I, 12 HHS%k
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XFPEA X R 25 B HE I B R R, AT R
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8 22 SR I S ) — S Ak T LASEAE R GE ) 7
B HE TS TR A AR N B 58 5 o

5 30 35 XU A BEAR LA SE s H S St dE 1 7
AL

% 4 s A5 ) SR B 6 T 1 R 6B 1T
Fy AL T, Z RS R B T938 5

SRR 2,

HRAE SCHik [27] 10, BT K ) % B Rk HE
1.12 tYMWh, TR & B HE S 240 A AR e P 1Y
50%. " ETF 2021 4 A TF A E A S i, Bt

4) T L MH AHOCHRAN ECH ME LRI, SCE DL E 8 Mk Sy ik
k2 BHFE
Tab.2 Parameters
. %%ﬁrb%ﬂi/[jil}(kW):] 2 2107@3J
BEYE A/ [T (kW) '] 88.4%!
i B RA/[TT (kW) '] 45507
HHiki B A DGV ] 182"
ASEL - B INAR/[IC (kg) '] 65"
BHERA/ T (kg) ] 0.65%
CCS BR WA/ T (kg) ] 35707
P2M BB A [T (kW) ] 7000
TR ARBRAN R A G TH#EEA/ Tt 357
PEMHL it il & A RO % 65
WAIBAT HREHL I JRA R R /% 60
ZH ccs WA AR % 900
P2M R HBR % 60™"
KRR Wrik/OEm’) 3.5
Wit S8 o
AR MrAs/DE-(ke) 1] 60"
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& 2020 4F 1B A8 Sy A AR VE N S B Bt . SCE
BB B AE S A% R 100 6 /te Tl % — S AR (1 4
¥4 300 Jo/t, HTERZ ST, S
ks HLARR e, SCRETOE SR M E . S
£ MATLAB2019 iz 17, 2k H Yalmip 45 & Cplex [
YRESUR RPN
412 BfT45R

SCEEAR YA T FE AR BR IR AL 5 LE L W EG SRR R DA
K HL A LG B I DA 4 Rl s, Wk 3. Horba]
FAE BRIR A L o5 LU yre R AT AR BRIR K L B B 1 BN
s g (i) f AR BRI & FL R SR L Ege ) 1Y FEAEL

* 3 ERIET
Tab. 3 Scenario design

Case Casel Case2 Case3 Cased

AR BRIR R HL L% 95 85 75 65

WIHRFE L/ % 23 17 7 2

FLTH /% 120 99 79 66

EREG

yRE—mxloo% (46)

W] 4 7 H1, 2R ( Curtailment Rate, CR) (it 5 yer) N
i1 (Abandoned Power, AP) GE N E,p, BN kW)
o PR BB YR & HE Y R AEL

EAP

REG

H, i b (Power Load Ratio, PLR) (IC K ypr) K AT
FEAE REIR & H £ 5 1A A L(KW) 1Y OB

E ~REG

Yk = = % 100% (48)

& 4 o 1 fafar K s 4k, &5 FiE 6 43 i)
RS THE 4 FhiBEE T P2H R4 H P2M R GE <
SMGEAESARRIE N . v LA H, Casel 1 Case2
) P2H RS P2M RSB 71E e — B, X &
PR Ry 76 T P BE TR B AR = A AR A B 55 0L T, P2G
HRRZ R ERE, Y HTH &), &
St— M TR lifbid # . 78 Case3 ITFH T,
il 75 04 HBE ST RIHAE, DA FELE AR IR 100 o
B 7 A 8 il R T 4 Fh = T P2H R4
FIP2M RGH E AN . nTLLE H, TR R 2 &=
T,P2H R4 M P2M R K BfE e T—3, H
JE T P2M R G A 32 S A5 i 32 3 3R i — A

x 100% (47)
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Fig. 4 Load and output curve
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Fig. 5 Hydrogen production, consumption and storage of
P2H system
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Fig. 7 P2H system power generation
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4.2 BABRFNIERER

4 SR T IR H W SRR BL, 7T R
TR P2G R4, L2 P2H RSk 2
P2M RGAE M TNA A —ERER A, Hh,
£ Case2 MTEUL T, AHLL T P2H REE, P2M RGLMIH
SATT AR RE ST W BB K . Casel Fil Case3 &4
P2M G URAS T LY RE S BBER, {E2 A P2H
RO EH A K, 1 Cased FIEDL T, FH P2G R4
X T RGE R TRA T 2y EIF B E

®4 ABAPBSHEA

Tab. 4 Cost of gas purchase on a typical day

It
Case FMEY s P2H P2M
Case 1 236.41 27.51 26.75
Case 2 643.26 417.44 84.21
Case 3 1398.66 1297.37 1296.85
Case 4 1242.55 1242.55 1242.55
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5 R T A H 2R s iR L, FTRLE Y,
P2H RGTE R ZHUE O T s ¥ T P2M R 4¢,
R R P2M R GE 7 e 32 SR 2, W e
HlAS 2N T Tl Ea . JFH, BB 2
RTFEIINHE . AR TAEERGEAEDRFEH S
E O, I HFE A MAFE e A —E — 38 Kk
7E Case3 [ 0L T, P2M 2R 48 1 32U 45 220 = T
P2H &%t

*x 5 HMAAMNFESRKE

Tab.5 Gas sales revenue on a typical day

FASRF, . % IRa ORI R 0 B P ARG 85
®T7T BERK
Tab. 7 Investment costs
Jo
Case P2H P2M
Case 1 809756 1341113
Case 2 894268 1304480
Case 3 463115 580402
Case 4 138167 420648

JL
Case P2H P2M
Case 1 664.86 217.54
Case 2 25.41 8.29
Case 3 43.61 43.62
Case 4 68.18 22.26

Fo s THAIH ) Bk gs, AT DLVE Y 7
Casel Fl Case4 ' P2H R G (I 5 &5 T P2M R 4t
MMl Case2 Fll Case3 5 ZAH . iXFRW, 0] FEAERETR
RHL AR S AR A 1B 0 R, P2H 19 28 BF i 45 4B
RN, XEECAHH LT P2H R4, P2M 6 75 2
TR ARRRAE R FRE, ] FAE BR YR & FAR R, R
ARMES, HETH LA WK A ki, i
Case2 il Case3, ] A REIR & HL o oAy, AETE
BRAR T, TR AR R 40 F Sk, 76—
FREE LRI T 083K — A btk i Bl AS

%6 HEIAMREKS

Tab. 6 Total netincome on a typical day

8 R T RGEMBHE MY, /T LA th, X T
P2H RS, A FAEREIR & HL LU, SR 2,
HAR TR WO BRAIG, SR 2 T . AR — 1R A2,
Cased 1 5 %t [a] Yt I3 22 Ik T Case3, iX 42 [ 0 7E
Cased ] FHA= IR 5 FUARMRAYA O T, w] Tl &y
FERE A, MULE T HARET, RGN RALIER
ANECA BB, A BT A 3 ARG e, B
2D, I RO T Case3.

*8 WAMEKH
Tab. 8 Payback period

Case P2H P2M
Case 1 1.46 2.00
Case 2 3.43 2.06
Case 3 4.13 5.03
Case 4 4.06 2221

It
Case P2H P2M
Case 1 1515.38 1018.20
Case 2 715.14 1063.18
Case 3 307.37 315.89
Case 4 93.29 48.61

7R T HMAVE ST P2H RS P2M R4
A B RLAR, T LAE Y, JCIE RS 5, P2M A
YA R R Y . X O A HE T P2H R 4L,
P2M R G5 B AR /D T R L b 1 AR, (EE S i T
PP o B 07 2 8 A LA e — S AL Tl R ) e i -
() A

P2M R G 45 %% I A Casel il Case3 Y&
BT P2H R4, XM T P2M RGNS EHE L, H
s, P2M RGEAE Case2 M0 ISCHATE J, X J& K
] P A AR IR LU ) A SR H LA B — AL L
LI, P2M 28 4 ) il SRR il 92 1 1T DA SE B
BT BL, DT R AR 28 48 AR, 388 2R 48 B I 25
Cased 4 Al FiA: GRIE A HL o5 FUARAIRIS, P2M R4 2
BAHA R

KFRGEHA AR, CEELSFE &R
BN A R R AR AT . 3k 9 R,
X P2H RGN T, 7l A AR VR & L 7 b = 7%
FIH R R . TXTF P2M RGN 5, ol FAE AR IR &
F, B B8] e e ) 1 2 ) Rt i i o {2 Case3 (Y3
& B H R EZ LT Case2, X & H T Case3 # L T
Case2 Bicfifi 52 15 25 B R A B . Yl FRAfig
8 2% Ha o o FE AR, P2H A P2M R G805 £ F1
AR
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Tab. 9 Equipment utilization rate
%

F 11 BEREREREGH

Tab. 11 Proportion of clean energy power generation

Case P2H P2M
Case 1 34.71 30.06
Case 2 21.20 17.55
Case 3 20.46 20.44
Case 4 5.33 6.39

WA 9 Fros, i T P2H ARG FE0 AU T A4
REVR 1 57 FiL o) &0, T o - P P e i, fE—E R
WA T BRI IF H, ol AR R R LE 8, D L
Bl . AL T P2H R ST, P2M R GEHY Tbk-HR R
PEHAEH, b TS R 4 21 59 — Akt (K5
(1 AR ) (4 S0, BEAS S BLAR G 26, BEAE 16 HE R
FEJE iR SR, >4 Al A4 BEJR LL BB AR, P2H
I P2M ZRGERYISHERE 1 3780 W A RCR

800 oL oP-H oP-M

600 |
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= 400 |
200 F
= |

0 |_| D 1
—200 L

Case 1 Case 2
9 fRHEE
Fig. 9 Carbon emission
210 PEUA TG & P2H RGLHA 2 P2M R 45, #if
[ W R ELET A ETS
10 WHERFEEAR

Tab. 10 Renewable energy consumption rate

Case 3 Case 4

%

%
Case e s P2H P2M
Case 1 93 99 93
Case 2 82 88 82
Case 3 73 75 73
Case 4 65 65 65

43 FMER
P2H Fl P2M £ ¢ 015 Ik RE IR IH 9 HE T 02—
(1, PRIAE SEBR P S A2 b BB i A8 4
TEM R BR A AR SR AR B AN 35 12 FiTs .
Fz12 HEXMERER

Tab. 12 Correlation matrix R

i Cl1 C2 C3 C4 (o]
C1 1.00 0.59 0.85 0.95 0.94
2 0.59 1.00 0.61 0.51 0.60
c3 0.85 0.61 1.00 0.71 0.93
C4 0.95 0.51 0.71 1.00 0.89
cs 0.94 0.60 0.93 0.89 1.00

F 13 /R T AHP AL, CRTIC KA LA S 2H 45
WAV [ 435

R 13 WILER
Tab. 13 Weighting results
BN Cl1 2 C3 C4 Cs
AHPIAY 0.18 0.24 0.18 0.30 0.10

CRTICH{AL 0.14 0.32 0.18 0.23 0.14
2HATRAL 0.16 0.28 0.18 0.27 0.12

Case FEMEY P2H P2M
Case 1 77 100 100
Case 2 83 100 100
Case 3 93 100 100
Case 4 98 100 100

TR AL (9 PEAN 25 B sk 14 FR, AT LAE i,
P2H RGEMZRG PPN HEA R R 200 T 2 ALY

® 14 BALLIEMER

Tab. 14 RSR evaluation results

RPER 11 ] LIE H, XF P2M R4, 8
WD TR F LI, (ER T H e AN 8 T8 TR
BE, HE I RETR R L LA RR R G —FERY . T
P2H R4, T AR H AR UR, 2 SC & - S 4 i,
HIE T RE IR & L Fe e R Tt

ARG Case YWRSR P HE
Case 1 0.6771 3.8497 1
Case 2 0.6146 4.3255 3
P2H
Case 3 0.6354 4.6814 2
Case 4 0.4375 5.0000 8
Case 1 0.5729 53186 4
Case 2 0.5104 5.6745 6
P2M
Case 3 0.5729 6.1503 4
Case 4 0.4792 6.8627 7
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Horp, AT R4 REUR LU 1A B 95% K LA LI, P2H R 458
LRG0 s dm, HEAA 5 — o YT FRAE e & LAe
75% M L L, P2H (25 & PFN 5 R 2L T P2M
ARG, MY AT HAERRR 5 LR 65% B, P2H R4E
MLEA M RS G . X F P2M R4, 4
A AR BE TR K L 5 FE 95% T 75% W, HLLE AT HE
ZE—FERY, X F I ] BAE AR IR R o AR A
T E AU AR K, Bedli 45 1 25 B/, i A —
SFARIRIEAT Y BE Ak SR R0 Y 1T R RR TR & H
P L A8 v 3 2o 398 e A 4 1 4 25 /D AN R
et R S —FERY

5 %ig

SCERE P2G BRE Al it # A F, BT P2H
F1 P2M P R GEAEA TS I L ) 75 SR IR Y 22 3% -RE T -
IRBERL RS o WA A8 2 mT F AR AR IR L B 95% .
85%. 75%. 65% iX 4 Fhig5t, Xf b ARl 5 F P2H
1 P2M R G AE % B L & T R G BL T 1Y iz 17 M
BAHRE DL, T HER ARG AT . 45 R R M.

1) YT FAE R IR & B LUAR S, P2H RS AH
T P2M RGE A H, BA &5 8, 76
RETE A T B3 AR R s HEfE ) 2
Wi (0 F P2M R 4, (HJ& i T 0l B AR RR VR & HR o LE
ARG O B HE R 1A B IF AN =, PR e O R
BRA

2) AT AR IR R O LERR AR LR L
KB — AL VT EC I, P2M 2 58 16 45 3% J2 10 AN BR s
JETHARTE B PR3 X R, 7575 B mmid 4R 1 2 1
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