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Abstract: In terms of the collaborative utilization of residual energy and space resources in abandoned mines, under the
framework of a green low-carbon multi-energy complementary system, a multi-energy complementary DC microgrid in-
tegrating wind-solar-gas-storage for residual CBM drainage in abandoned mine was proposed and constructed with the
consideration of both the electricity demand of coalbed methane (CBM) in the abandoned mine goaf and the power gener-
ation potential of renewable energies in coal mining subsidence areas, as well as the low-concentration gas power genera-
tion and energy storage as supplements. Compared with the common DC microgrids, the superposition of multiple unfa-
vorable factors such as low system inertia, weak grid connection, random changes in distributed power generation and
large fluctuations in periodically variable working condition load makes the stable operation of the multi-energy comple-
mentary DC microgrid for residual CBM drainage face become a more severe challenges. Therefore, it is necessary to sys-
tematically discuss and investigate the key technologies and bottlenecks involved in the multi-energy complementary DC
microgrid for residual CBM drainage in abandoned mine which is a potential scenario of collaborative utilization of resid-
ual energy and space resources in abandoned mines. First, the topology and components of a multi-energy complementary
DC microgrid for residual CBM drainage were described, and the constraints that need to be considered in the system ca-
pacity optimization were discussed based on an energy flow model. Then, the key technologies including periodically vari-
able working condition load analysis of CBM pumping motor, coupling of gas-electric conversion link of low-concentra-
tion gas generator, voltage stabilization control and system coordinated operation involved in achieving reliable, stable and
coordinated operation of multi-energy complementary DC microgrid for residual CBM drainage in abandoned mine were
concluded. The recent research progresses were summarized and reviewed, the difficulties and problems existed in the cur-
rent work were analyzed, and some possible solutions and suggestions for following work were discussed. Furthermore, it
is pointed out that it is urgent to address the bottleneck issues behind the key technologies such as the joint modeling meth-
od of both gas-electric coupling long-time scale of the low-concentration gas generator and short-time scale of wind-solar-
storage, as well as the bus voltage oscillation mechanism caused by multiple unfavorable factors such as low inertia, weak
connection and large disturbance. Finally, the feasibility and application prospect of constructing a multi-energy comple-
mentary DC microgrid for residual CBM drainage in abandoned mine were prospected from the aspects of existing work

basis, research progress and economic benefits assessment.
Key words: abandoned mine; coalbed methane; multi-energy complementarity; DC microgrid; key technologies; bot-
tlenecks; feasibility
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Fig.1 Multi-energy complementary DC MG for residual CBM drainage in abandoned mine
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Fig.6 Platform construction of DC microgrid for CBM

surface drainage
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Table 2 Parameters of DC microgrid for CBM

surface drainage

CGCALEXN TR MR E S HfH
HIBER R ES NV 400
DB 1V 4 1 e /v 500
AR S 1 4 L UV 250
LR TISE THIEENETAY 300
R RO 45 W 5
2 1 L B mH 3
HL FHL LA /uF 500
FF A /kHz 20
B X 5L 2
BEDH/KW 11
HE HL R/ V 380
HE ATz 50
&L BH/mQ 14.85
b L - HH/mQ 9.295
FEFHLUE/mH 0.3027
% HL&/mH 0.3027
HJ&/mH 10.46
SRR (kg - m?) 3.1
TR /m 105
HFR S5 /m 1.35
%R /m 1.95
Hii4%/m 0.65
o H¥H/m 515
PRSI SR B 461.1
& /mm 19.1
E1%/mm 73
W M(kg + m) 1000
SOt A e /N 11000




55 4 4]

EOWEE I IR SOT R Z RE B AN LR R SCHEBOR B ) 1809

SHUEAI B RE L F R, Gl 7 B, AT
AL RTR 00 BB L R R AH S S O b S 9 —
TE R SR, HAN RIS A A [ S EUE
BUAb, X 5% 3 s AT VRAN, (G S i it i R &
T HAE R, SEOCU S RA R . DB R
X R, B RS EEBIIEL S 0.5, TCHTIEAE 110
Toueds, St b R 558 B Ak EAoE RE A% T 2 SR D)
RINBLETT, AT SARE G IC G ™, (AR,
JRUAE IAHE 2 T e LB R 98 D TE T Ab S A T, TR 2
HEF R 45 B A G A R ke oD kM ke i, ] S

405

2 400 F
< 1o A AR b 3

0.28 0.30 0.32 0.34 0.36 0.38
t/s

B R PR N BGE AT MBI 255 3R, (R i TR
WP R BA I Z W) IR AT A ISR A, TR
g M REAFE ORI R I | ik S22 | H
ol AT EE AR R, I R HOE SRR B 22 | B KR 2
KA, X Bh T2 O — KB —Jas e A
5 Q) LRI FE R R i L TRAR; O B AT SRR
X S ) o ke JC U M B OCIE R BIARA A
e, R, 25 & FIZEIE D E i & s i XUk i 5
i BE R A2 M T 7l R B L 19, AT S B3 X
BALALRL, B — AT Z AR R T 5

410
> 405

= 400

395 1 1 1 1
0.28 0.30 0.32 0.34 0.36 0.38

t/s

(a) 93 (R TO0) (72 WA G HUE 505500, 4. #1353 25 HUE 10—200)

420

2 410} §§ ;m@awﬁm@
400 £ ! :

0.48 0.50 0.52 0.54 0.56 0.58
t/s

415
> 410
£ 405

400

0.48 0.50 0.52 0.54 0.56 0.58
t/s

(b) fuf 508 (R T (A : WLMEE 4 25 HUH S0—500, A: #2253 25 HUE 10-200)

440

Z 40|

. NN
400

0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46
t/s

440 F

400

0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46
t/s

(c) KHMTB: (F2: WLIAEHE 2 HUE 50500, A F&HI8sH 2 BUHE 10—200)

— 50 —— 100 — 300 — 500

— 10 —— 50 — 100 — 200

K7 AT BEA S EE ) B R TR T

Fig.7 Waveforms of DC bus voltage with related parameters change under different working conditions
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