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ABSTRACT: With the urgent demand for the energy
revolution and decarbonization of coal mine energy
consumption under China’s “2030-60 dual carbon targets”, the
multi-objective two-stage coal mine integrated energy system
model is proposed for the deployment-operation optimization
considering the coal mine production scenarios, equipment
characteristics, and the utilization of the associated energy
resources such as coal gangue, methane and VAM. In the
intra-day operational stage, the factors like energy conversion,
equipment start-shutdown are constrained to minimize the
economic cost of system operation based on the day-ahead
forecasted data; In the deployment stage, the carbon emission
and economic benefits are optimized based on the daily
operational cost and the capacity constraints of the resource
and equipment. The multi-population collaboration NSGA-II
algorithm is proposed for the two-stage rolling optimization
under the double-level optimization framework to generate the
Pareto solution set for the multi-objective configuration scheme
of the integrated coal mine energy system. A real coal mine in
the city of Taiyuan, Shanxi Province, China, is modeled as an
example, and the on-site production data are used for
arithmetic analysis to verify the effectiveness of the proposed
model and method. The impact associated energy utilization on
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the energy saving and emission reduction of the coal mine
integrated energy system is analyzed.

KEY WORDS: carbon emission peak and carbon neutrality;
coal mine integrated energy system; utilization of associated
energy resources; two-stage optimization

HE: fEH[E “30 607 XK HAR T, SCHUED™ ] REMRAR L
BRI RETE A (B V)R 3K o AR A2 75, R T
WA LT ZREERTAEBTIR, il 5 AT A BN B s
P, SR GERRIER AR E BT 2 HARUZ AR
Mo fEHWISATIH BEE T H AT BN S, S8Rt Efe . i
HIRIFEM LR, RMERFIBITRT A FERCE ML)
FrBEET HIsAT A, HBHRIE. B FRANR, HTHRE
WS TR 2 BB B . 42 2 MR E
NSGA-II 5%, EXUZIAHER T BEAT IR Bagsh e, 2
BB SR A REIR ARG Z HARBCE T % Pareto fi#dk. LAFK
L 78 A8 i T (2R USRI M A A5, >R FH B3 2 7 Kl
HBEATEEGI M, Bk 1 TR B TR A Rk, R A T
B RATLE REVEA T X TR 25 6 RER A ST BE SRR AR
KR BRI, BRAORT JERTERG RN ATZEREVERI A
WZALA

DOI: 10.13335/j.1000-3673.pst.2021.1288

0 35

2020 £ 9 A, i FRBICES 75 Mt EE
Koz Bg, o B A AHE O 14 2030 FRTIA
FIUEEAE , 2060 R LA A, fRiFR “30 <607
X H AR V0 RN B i e, AR YR



1732 WA T SRR T R 4

R RS ZL HAriL BRI

\ol. 46 No. 5

iy, STEERRESEEEA R, SR ERERL,
PETEHTREVRIE I ALt e 7112, SR ERAT “30 - 60”7
WU B bR BRI . B AR IR K
REVE, 2020 4Ff HUH P EAERRIR M S b L
56.89%01, &k E H i 9% i 2 I REIR T 44 T
ERE RRIR R g, MU RRIEFRI A &R
SHEREIIRN A = KA, ™ S
T “BroBig. b BARISI. Fk, nfe i
B BN BRIR RS, XTRRIEI & HET AL
ACEC &, HEZD T BEVR 5 15 G b B VR 1K 25 &
FI, SEBhJISzEl “30 - 607 XURK H bs A 4% .

TERER GHIR T R FE v, AR RS Z K
W IR IR EE FUTSEATAE MR 70 SRR P2 A o 3
SefT A BRI AL O KE R LARSCR i Re &, B
EORIIBEBRTE /7o an S8 o A7 A Re R 1% A 15 2
BRI, AU R IRIR %, o0t A A5
RGBT AN IR B

H AT A VF 2 2238 0B 117 A2 R R 1 [31 U F)
FHREATHIETE o BT X B0 HE H 1) = XU A7 R K AR
FE LIRS OL, SCHR[ATHT FE T BLT = BRI I e
A RCE B = A IR B FO, 3B g s S 5 T Lk
B VA FH A TCHARFA > % SCER[S)AR S
[ ART I TAE F BLE RAE AL R, Sad
BRZEVREC NS 2% HEAT R FL B FA o STHR[6]K 7K
VR, R IR ™ B3 7K O FE a2 X P )
AT LA AT FEAE I AAE . STIR[7]75 FE T X ANHf
YRR, FIFH 2 A AT AE Re IR B8 &= WSO 4T H Wig 47
A P DA B AR 25 5 BB VR RIS AT BLAR

FEER A7 AR RRIR R T S 3 PRSI g
WRA, BAXMER, SRR EZHRERE.
DRI, SRR 25 & BRVR 2 4t(coal mine integrated
energy system, CMIES)BE i KPR 2 F P 228
REVR 5K, 7R AR AT BRI AL E SRR 85 1) [
i, $RTFEE A BEIRA I REEE . AR, AT AR REVR A
P C B T EAE AR I T RUBE R, ARAE R X B U5 2L
FRIE. H N HEESRES . XW RGEM AR HER
B BT, WTIRTE R0
WREZAHbrm Mg . H ol R o2 2R
HREIR RGMACKC B AT T — @ W78 SCBR[91%ET %
T B SOFHERERN M RIS R
RAGM KA BEICEC A RS, #5377 LLRG & fe
AR HAR, PAREE-FH A3 & TAERE N
LYW, IR FH — P DX S 4 S5 sk
MCSCEE . SCHR[10]2h T AbFE R [ T F A= AR I
HL AT B AN FE B HOK AT AN e M,

HZ JZBENURA T, AR 2R 1) B 4 e EAR AL %
HoNIR A BRI AL AT SR . SCR[11)%H
Xof AN PR AL B RO ARG BN AS RV, EEAL T — Rl kAR
IS S, FRESLIERE_F AR — R e A RE
132 B A R I - IR AR IR R G Ak R B
P, SEPL TN R O e ) R BE R

B G e IR R G B 12 1T 1 2 R AL HE 42
THIZ BRI E, SCHR[12)%0 % & L BEAS HLI
MM RIER S, BIRATHENARCERN 2 B
PRI E , ST RGAFFIEAT R RE IR = ROR
Fi o SCHR[L3E AT X 3 L5 A REVR R GLTE P FEME L) 3R
NIRRT, 25 5 7= A i BB B BT S
AR, FEEIRSETHESERINEZS His
RACEC B A, ST T 2 H b4k 7 R0l ik £
Yo SCBR[LA1EERT AR IR BN R A =L E
)R, BT P T SO A AR AL 2 H AR
W E J7i, FEEIE AT SRR R RS B 25 A1k
RERIEIMI M R R Bl E 45 5. SCHR[15] & 7E 2
SN G L EERE RN HRLRIE AT
BORL, $RH T 2 HAnAGKIRE L, MRS ik
AN Pareto [IAEAY, SR1G T HEARMSE R, &7 T
RO SR, IR TR SR A RRIR R A
Z ARG B 1847 W @ 34T T 7 i 5tse, (|
LA AR 5 0 v Je vk B B 5 R AR 7R
AT R FH 2R G RE VR LA 1R R

T HEHTE A “30 607 XURR H AR R IR 45
GRS Z B BT R, GEET R
g H W Ig A7 B A R A TG B AE I TR RE B
AL, A SCEE B 25 5 REIR R AL B 1817
% H bR WUZ R AR K 2 PR 0 1 HE SR HE 7
1 4% 54325 (non-dominated  sorting genetic algorithm
I, NSGA-I), 7EXZRALHELL T FEAT $KI- H Py i
FERIPIN B sh AL, A A IR R RN £
H brfc & 77 % Pareto fifdE. ISR SER A%, 46
UEFTHRAS BRI IR R, i T % 8074 R
PSR IR T 25 & B8 R G071 ReIsHE 52

1 FIRITERIRIRET LR & BEIRARGHESR

WA 2R REIR R G5 1R G X AR IR R AR LE
BALUMR R D JE PR XK. e 6
PR AR TE L, ERMSY XA, i
i REG et vl AR REIR At AN . 2) o A
RLRR AR P AR KR ARIR VK . Z KON LTSS
e Red, KL EMAADURDRERIR 2%, BAET
2GR L BRI EE . 3) BT ILER G REIR R G



4 46 % 35 5 1] L)

R 1733

PR IR BEIRANRT AL REVR I RTINS, B A ORBE AR
AP A TR B T 9 A AN R R A7 A R I R oK
5 FEATA BRI O X 2R 5 RETR R G AL A
K 1 PR B R G REIR RS A MB A RE R 5L 7T
R ARG AN ISR REIR I Gaiy AT A REVR SR S A
MR R, PR RRIERGR . A R T,

,,,,,,,,,,,,,,,,,,,,,,,,,,

IVREEHL Z AR L TT AL RAERA
it FAGE . SRR Ul 2 RIETETT A
I AR B A, BT RIETHEL, B o B
1 7 A P e LSRR IR A s AR e
P B R R AN SE A REUE, b HLRERUE

TR, AR E I SRR B R R A e

IKIRIATR

AT A
KHHTT

AL

Z W&

1 EZEITEERFANT XEERRAGRENY
Fig. 1 System structure of coal mine integrated energy system with associated energy utilization
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Fig. 9 Daily thermal energy dispatching result in winter
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Table 3 System operating costs of three typical days
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Table 4 Scenario settings
BLH AR Rl BE2 BE3 B4

GT x x J J v
PV x x x x ~
GB v v v v v
WHSP x v v v v
EC v v v v v
AC x v v v v
CFB x v v v v
TFRR x x x v v
WHB x v v v v
TS x v v v v

CMIES H % 28 15 2 IR SR TH AR B RAR | 1 4%
A LABCS 1% ML 5 400 PR o) i 25 Bt PR o)
5 Piw.

=5 BREESH

Table 5 Energy equipment parameters

s map DA HIE WE R
GEkW)  ThEKW  REIE  (Kw-h)
GT 15 7700 500 6 _
PV 25 8700 = = 30000
GB 20 420 150 200 _
WHSP 20 2200 75 400 _
EC 15 810 50 100 _
AC 15 670 200 25 _
CFB 20 4548 18750 4 _
TFRR 15 15000 670 5 _
WHB 15 200 100 300 _
TS 20 102 = = 100000

g H 14 i g

WRH ke mdin ke mkse Ot
P& 52903.4 1119.73 43797.7 270156.3 367977.1
yEZE 50151.2 0 42686.1 240519.4 333356.1
Ei=E 52414.1 0 42419.4 241148.5 335982.1

@CMIES % HFrlc B ik

AR FE A FIATA IR AR IR S T P AE BRI 2 5
FC B M35, AT REATAE BRYR RE A v] P A Ae i
FIR W e = 8o B . BiRh: 5
1: REEEFANLGERH. W5 2. FEHETA
SRMMEGAFIE. 5t 3. BEMEATA. LT

B 25 & REVR AR Geiic B AU R TR H i) 2
FEEUME NSGA-II FEEATRIE, N T BE &5
A R, BoE NSGA-N SLikA/E st I EE, B
WSH IR 6 .

*6 ZEARMHEZESY

Table 6 Parameters of multi objective optimization

algorithm
Sk TRECE R SRR XA T BRET
ki) NSGA-II 5 2000 500  [10,30] [10, 30]
NSGA-II 1 2000 500 20 20

4 Mgy Al EORE ST A B Pareto ATV 4N
K 10—13 Fizr.

B 10—13 o, 21, W s AR st
(1) NSGA-II #1 NSGA-II 15 2|[MH RITise, Hibr
f(1). B )7 MME T REUSATHF 2 A R
A BB HE M ERAL, 3 MERTG)NPX), H
A INREHE TR P SR R LT R . H AR
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four scenarios
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Table A1 Pollutant emission of each unit

= ] o Tt
15 YRR AT
GT GB TFRR CFB
CO, g/(kW-h) 184 210 1329 230
NO, g/(kw-h)  0.6188  0.5215 - 1.4517
co g/(kw-h)  0.1702  0.1052 - -
SO, 9/(kW-h) 0.0928 0.0828 - 1.4733

T A2 IEMEAARURIME T TR A
Table A2 Environmental loss cost and environmental
penalty cost

BT R AL AT Co, NO co S0,

FESHCA  Jt/kg  0.01871 65081  0.8135  4.8810
REETIERA  Ji/kg  0.00814  1.6270 01302  0.8135

FT A3 EHEMERERA
Table A3 Environmental treatment cost of each unit

AR GT GB TFRR CFB

IREL AR (JT/(MW-h) 10.663 10.452 35.684 26.375




