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Optimization configuration of coal mine multi-energy complementary heat and
power coordinated supply system in western China
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Abstract: With the advancement of the “dual-carbon”goal, utilizing renewable energy resources to reduce carbon emis-
sions in the coal mining process has become a significant development trend. However, the construction of mine multi-en-
ergy complementary systems faces multiple challenges, including complex resource endowment conditions, diverse en-
ergy utilization technologies, and variable energy demand loads. To achieve customized development under different sup-
ply demand boundaries for coal mines, this study focuses on the Nalinhe No. 2 coal mine in the western region, with an
annual production of 8 Mt. It proposes a coal mine multi-energy complementary combined heat and power supply system,
integrating renewable energy and associated coal mine resources, along with an optimization method for configuration.

This system utilizes photovoltaic, wind power, heat pumps, and energy storage devices to achieve energy production, con-
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version, and shifting within feasible boundary conditions, enabling complementary and synergistic use of electrical and
thermal energy, and energy sharing. By analyzing the energy demands for heat and power in the mine and the characterist-
ics of solar, wind, and associated resources in the mining area, and considering constraints such as meteorological condi-
tions, time-of-use electricity prices, and equipment capacity, the system meets real-time heat and power demands with the
lowest total energy supply cost. Based on load data, equipment models, and optimization algorithms, a multi-energy com-
plementary combined heat and power supply model was constructed. A multi-dimensional evaluation index system based
on economic efficiency, energy efficiency, environmental protection, and safety reliability was proposed to analyze and
evaluate the system. The research results show that the multi-energy complementary combined heat and power supply sys-
tem can achieve clean and low-carbon combined heat and power supply for the mine, significantly reducing dependence
on fossil fuels. Taking the Nalinhe No. 2 coal mine as an example, the use of a multi-energy complementary combined
heat and power supply system can significantly reduce energy procurement costs, with total system operating costs re-
duced by more than 50%, the proportion of green energy in the system can be increased to over 65%, achieving over 80%
self-use of renewable energy generation, and annual carbon dioxide emissions can be reduced by over 45%.

Key words: carbon neutrality; coal mine; multi-energy complementary; waste heat utilization; planning and configura-
tion; low-carbon environmental protection
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Table 1 Outdoor environmental parameters
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Fig.2 Coal mine electrical load data
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Fig.3 Coal mine electrical load distribution heatmap
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Fig.5 Coal mine heat load distribution heatmap
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Fig.6  Annual average radiation variation trend
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WEE RS A B Re LS R TALLA I, fEfEH L 2
HHHPTRRAHGR SR E, 8T RIEZ a4
RGN AT HEMEFR I, SR AL i TR R AR B R B
2 DB TR, 0= (33)—2X (34) FR:

Te total
ae = — (33)
N e,total
E acl
Olack = = (34)

[ —
K ac WL ATEE SRR, %; T jouw N R G FRALRE SN
BT, Dy Neow 8 R G TTHRIMBERE SN EL, b o100 M il
LR EL, %; Ena W RGEAET TR P9 RE S A S
i, kWh; Qe peea A7 L 1017 57 2K AL BE L, KWh; Ohpeea N
A fr TR BB AL, kWhe
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BT e IR 5 R AT P2 REVR WR R O,
W2 BE B AN A BER R SR 25, PR A X 45
FREEVR R G VA TR T3, S A BRI T 2 T R 1
B, VAR AS R BRUR R G AE G R oK L DL RB IR 45
¥ 3w T AR AR IR L T RO . IR 2 hE
AN E LA IR R T R R B M, R T
Pyomo PRI AL LA T HAL X R Ge b A T AL A,
i 1 8 O VR SR A 2% GLPK X 4 2 28 4¢ it 4545 J0)
TR,

3.1 RGERSH

YA 2 S I 28 B AN PR L BE R B
TS50 BT S e R AT 1, A I B S b L
%3,

x3 RENEFER

Table 3 Equipment economic indicators

it H AL A [# 5 LA BRRL A
iR & H 3 800JL/kW 40.870/kW —
WY 2 4 800JT/kW 57.670/kW —

T HAOK IR 1 600JC/kW 19.275/kW —

[l X7 U ARTR 2 25076/kW 2776/kW —
FRBERR 1 050JC/kW 12.670/kW 7267T/t
it 18005C/kWh  21.650/kWh —
Bk 160JC/kWh 1.970/kWh —

AT T2 2000 L R A i e B 2 2 BRSO L T
i ALY SRR R A5 5 X, S A FLAAY I T A A B
INFTRIEATIHER, W3R 40 FEIREERASTT I, 25 8
SEACBRHFTSUNAS , 275 LIRS REIR S S P 64 4 1l
HE T i A AT, B R 70.87 S0/t Y AR AL B
PEATHEROASTH 5

x4 EBBEM
Table 4 Peak and valley electricity prices

Bt A %) %Eﬁﬁﬁfﬁi %EEEEMZ
oG -kWh'") (G- kWh)
% 23:00~7:00 0.200 2 0.2829
T 7:00~8:00, 11:30~18:30 0.4622 0.2829
IEE:  8:00~11:30, 18:30~23:00 0.724 2 0.2829

32 HEXLE

R T RS 2 S L AR R SN TR A
BT RN BUREE, BRI T 3 O R R s
TPIEBL, 75 1 MR A L RE R R A& BB G L,
T2 HEREEANTR, TS 3 WAETT 5 2 SEnl 1
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Table 5 Multi-energy complementary system scheme comparison

S| VES! JF2 TIE3
REIR BT IR PHL B AR KO, R Ak Kol P, At
Fefeist s SRR K IRER JefRk. R R fifRL L BB Jetk . UL P L A
ISV FArL 2 (R FLTERERES FAIBAE, TSRO R
et o iy et

Dot PBTAE RETEM AR, BRI fR RETSM AR, e fik

BT REUSRI FHRCRAR, Betlbice & B A B AE, X HREAT A —E 2K

R TR AT 7 58, B R IR g S B 22 LB, R IR
TR W Ay A, B 17 RSB KT, RGETT XS I 5.

XTI ZREEANREE, th TR LR AR
B, e L e/ MEACBER AL AL, BIRE IR B e K
B ARG, 5 TR BRI W BOR KA I 4 5 2%
7, W78 2 15 %8 3 BOLIREDLA B 50 MW, X
R HLA N 25 MW, 3 F5 3 T REHstriE il
W 6,

R6 ZHREIRZREERBEHTRIL
Table 6 Multi-energy complementary system capacity

configuration scheme comparison

Ei] S JrR2 Ti%3
AFHLZE H/MVA 34.57 56.96 36.25
JEIR R A /MW — 50 50
W3R A /MW — 25 25
IR /MW 21.93 28 28
2 SIAREAE/MW — 1.050 0.775
FRMERR P 25 /MW 14.21 — —
it A A 5/ MWh 0 69.61 48.45
BB R TI /WM 0 23.92 15.66
A A 5/ MWh 0 49.74 59.17
TERBL A T/ WM 0 11.83 18.14
W E 5 LE/% 100 3233 27.21
Lt /% — 22.87 14.34
EALIUATT T 175.56 3072.98 2814.32
BATRAR T TT 29.94 524.09 479.98
WRBLUAS/JT I8 407.66 0 0
W L A /T3 T8 10 340.92 3343.00 3160.73
KIS0 0 —856.50 -536.80
WieHERCS T o 914.38 478.26 433.31
HMETH I 11 969.09 6561.93 6351.64

T ol B B Al BRIl TR AT

PERER GBI HIREIAS .

3FPOF AT EEESENT: 3 B 5 A&
NEIREWE LRI 2 S B RY PR HTRER R, PR

GHERE R T TR | AR A SR R 1, &
3 MAEAL AR TE A R BARAY, R 6 351.64 FioT. @
23 TR TR AR AT 2R R, ORREAR T #r
XU A7 ff 28 IR B, AR F 25 KR T %k 36.25 MVA,
EASHR 1LY, @ FE 1 TR EMAERE,

W, i 2 5% 3 il ERERIN T AR B E A
@ TEFARBALR J7 1, H TAHREM S5, KRR J %5
RPN L IAE ) AT B R B LB A I s 1y R
AT SELAARAER, 42T T H K AP e A 25 )
2R, © FEM B s T, I % 2 574 3 Mo I
F o R L A A LRI 2 30% 24, R 2 57
23 ROCL ML T & K Ak A, B
R FALAEL B & L 1 LA 20% 224
3.3 MEMEHERFHEEEBR
3.3.1 PP

Bh PP DR X R GEas A7 1 OLHE AT ) (R 45540
AT, UL T i R G076 AN [R) s 0] B PN A RE VR LA R
REVRFEIAOR | S T B B T
SAEAEZEAT BT A BETRAETR, Qi 12
Fim, 43 e A 2 5 5 R ORLE 7 T, Q] 13—
Bl 14 7w, o] LA A4 S 00 far 1) I8 20 28 e AR
T PRI S8, AR AfTFE 61.19 MW,
PAETAT 35 MW, HLTAfif i Kl 28.399 MW, HILf7 fif
FAMEHL S T B H L etk & L RE R G
RBUR R GEAEAT LSS, TR B HLEI PE T, fi R
REGAE— RN “PI 7B B n] 74 i R AY
R KALFIH, RGAE 42 F e R B far e 6 05 H
AN B KSR AR IR A T 2, TE B
Fugar A B[R] K PR PR AE TR B 5 K 7, IFl ik A
PRGN R o3 T HEA TR, T8 e B 77 B H Y 2R
THAT R AT A B AL RE LA . B F A g A
%, HL AR far AR 8, T 9 & B b 7 A5
3.3.2  REVEHY

FRETUASILL AT LU R s A PHBE . RVAE LA R A 4y
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Fig.12 Annual balance of multi-energy complementary heat and

power coordinated supply in mine
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Fig.13  Winter typical operation conditions of multi-energy
complementary supply system in mine
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Fig.14 Summer typical operation conditions of multi-energy

complementary supply system in mine
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T 1, G 17 B, X TS 2 MOF S 3 3 m
TORRFRT ) & HHLAL, AT 5 o5l 3] 61.6% .
66.9%, fitifie R 40 5 ik B T 28.3% Fl 22.3%, BARTT
22 MU 3 RS B AR B, (B THE S 2z
T B AT ER A A k), Z a8 B AMARL )
[ L RE R G AE LT L B A W 2 i 03, ik 45
AORPBHBE . RRE . HEA™ AR W] AR BRI DL S e
P HANE T, SEMHGEAT 2 FH IR MR, inlsl 18 s .

70 000
62 735.950
60 000 - 57 774.784
1250 000
2% 40 000 -
=l
74 30 000 -
%
220000 F
10000 6 669.889
O a 2 T 2 N +
IE! e 5 %3
E 17 b 2 S0 L e EAMILEE R G AR
TR IFRAS BT

Fig.17 Static total investment of different schemes for multi-

energy complementary supply system in Nalinhe No.2 Mine
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Fig.18 Total operating costs of different schemes for multi-

energy complementary supply system in Nalinhe No.2 Mine

3.4.2 ZERHERL

Z i HAMNE PRMLRE R G E RGN LE A RERL
DR EA S, TR TE 2 MR 3 A E
TH ARG, LR A R RIS, W 7,
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Table 7 Comprehensive energy efficiency comparison

ZRARERL e VE ) J%3
L fiE 7= AR 24 855.02 28 571.33 27 190.42
PBEP L AIARIET) 7551.31 7549.38 7549.38
AL RS AU FREET) 25 865.77 1479227 13 401.93
SeARE A AR 0 9191.42 9191.42
IR A AR 0 7053.99 7 053.99

SRR AR 4362.72 0 0
LAE 5 /% 23.72 67.77 69.63
LEARERU % 107.20 116.38 117.18

3.4.3 e

W It Z Ak B AN D) [F AL AE RGeS T
A REIR AR FHBE FIXURE, FR G0 AT LS X 1% SR I 5
PR RE TR AR A, AT R AR — AR Pl S5 T 5 AR 1 HE
W, HERE LSR8, TR 1 B9 A AR HE 3 R
RS P HE S HLHET, 58 2 R 5 3 F BRI
Hemle o TS W HEOW f FE R, 7 58 3 AT Il
(8 HE R, 1% 07 58 AR AT LA /D CO, HE i 2y
144 357.07 t, Y HE SO, £ 13 337.47 kg, Wi NO, &
21 372.08 kg, WHFRIZA2 2 2 731.77 kg

®8 INMREHE

Table 8 Environmental emission reduction

M yES Vg HE3
W L, COL B fE/t 11792392  67439.01 61 100.39
FRBEER Y COLHEUTT i/t 11010.51 0 0
COFF Bt it A it t 12893443 67439.01 61 100.39
BOBHEFEA(ABREETT) 4362.72 0 0
HEILSO, i fit/kg 1207.02 0 0
HEHNO, Jit b /kg 1934.14 0 0
Heok B i kg 247.22 0 0
WHECO, B/t 60982.40 14721123 144 357.07
BHECO, Bkt /kg 392475 1353121 1333747
IHHENO, BTt /kg 6289.05 2168253 2137208
IR 2R B i kg 803.86 277145 2731.77

344 EAERAEME
MAMERE R S8 2 T SEVE A R, T 58 1 HERESE
ST INB ARG, — B RG AR, K LH
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Table 9 Multi-energy complementary system supply

reliability analysis

PR ES! ) VEX!

LR AT HE%/% 0 45.44 39.82

RE L R 5% 100 59.51 53.90
4 it

1) 45—l FH T FH BB R AE S X 9% 5 2%
PR Z g BAMA R PF LG R S, ALk B bR sRi%L,
FIFHLAERRIR i AL BE B B, LAAE ™ 8 Mt 44
ML 2 S IR, A S A A T4 53.06%, CO,
AEURHE 14.43 T7 t, SRAEHERE & AT HR v 2 69.63%-

2) P EE Y £ Be AN R G L R R g AE 4 Tt
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AT BB MR B, P AE O S5 AT BB 2% 1
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