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Abstract: Since the economic reform and opening up, the exploitation of mineral resources has made significant contribu-
tions to the economic development of China. However, due to the non-renewable nature of most mineral resources, a con-
siderable number of mines are facing resource depletion and closure. How to develop and utilize the positive environment-
al effects left by these mines will become a crucial support for extending the mining industry value chain, ensuring green

and low-carbon energy development, and achieving China’s strategic goals of “carbon peak™ and “carbon neutrality”. To
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scientifically develop environmentally positive resources in mines, this study focused on four categories of goals in the de-
velopment and utilization of positive environmental effects in mines: resources, energy, popular science and entertainment,
and ecological carbon sinks. Based on the “Supply - Demand - Development” (SDD) constraint combination of mining
supply ontology characteristics, specific market demands, and development and utilization conditions, a comprehensive
evaluation constraint system was developed, consisting of 6 first-level constraints and 38 second-level constraints of cor-
responding attributes. Following the principles of goal-oriented development and utilization, a single-goal evaluation in-
dex set with 18 implementation items was constructed. Also, a single-goal suitability evaluation model was built which in-
troduced the triangular fuzzy numbers to determine the index weights, and classified suitability into “suitable, more suit-
able, more difficult and difficult” based on suitability indices. Furthermore, considering the systematic complexity of the
positive effects development and utilization of the mine environment, the logical relationships between the development
and utilization objectives were analyzed. In addition, a multi-goal linear evaluation theory was proposed based on the com-
prehensive optimal concept of economic, ecological and social benefits. By solving through the ideal point method or
single-goal linear programming solution, the comprehensive optimal solution or the most suitable set for the positive ef-
fects development and utilization of the mine environment was obtained. Finally, from the perspectives of national
strategy, social needs, watershed ecology, and positive effect market development, the study provides some insights into
the significant implications of the implementation and systematic evaluation of mine environmental positive effects devel-
opment and utilization.
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for the development and utilization of positive effects in mine
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W L PR3 TE RN T K R I B R e g 1 I R R
I HFRHIEA 2R A4, B Hbs . SEAR . Z B
FeAHbw (F 1), # B “HAR S — H AR5 — 50
Tt H ) 73—V 48 br 1A R A — B J ARE FLE TR
e — St H A -2 B ARRl G IS B VAN 2
W S, T AT EARD P, Rl i AR S
I, ERRE | S ITEN R AR, IR TE
i EMETHE B B AR PPN AR, PR S H 3
PERHEY, e 2 PR Ry Soita it 5 42, R T2, R
AL SRR E AR, @7 2 HARTA BES, 5
SEAT 1L PR T80 & R FH S5 O A 2 6 B 52t 75
HAR, S LI PREE IER00 T & ) A A Ut o 42 it
Fb A (B 2), B2 9, T, MIEEON & FIH 4 26
¥, n=1,2, 3, 4; T,, RIERBONFF LA 4 EHAR N
T B R py HIEROSIF R 4 28 Has T i BAR S0
TH,j=1,2, -, 18; I, S H p; B BARFNTEIRE .

LR B E

5 5
e
HEi S |=> ﬂ |
A |
Hbro i | = |
THIRT, |
2Tt 151 H |
D !

I Fp,

TR ) e I
| S
FIERIBE]  \ g

¥ b
[ﬁm@m]=$

[ H b e PE P07 BT )

SRR
Hy ik
ZHh
i )T

(Z i e e |

____________________________

|
|
|
|
|
|
|
|
|
|
|
|
|
AR
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|

|

l

Ll 7 I
M SR EP ) |
|

|

|

|

PAREE [=>

—_——— e e —

B2 a7 L ERSE RN I A I S22
Fig.2 Implementation route for the development and

utilization of positive effects in mine environments
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Fig.3 Framework of principles for evaluating the development and utilization of positive effects in mine environments
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Fig.4 Target evaluation constraint system for the development and utilization of positive effects in mine environments
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Table 1  Single-goal evaluation indicator set /; for the implementation of positive effects development and utilization projects
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Table 2 Evaluation indicator set / for the development of positive effects in mine environments
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Table 3 Scoring criteria for the suitability evaluation indicators of implementation projects for the development and
utilization of positive effects in mine environments
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Fig.5 Framework of multi-goals evaluation theory for the
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Table 9 Economic benefit evaluation calculation table

Fik i
®Bg, = {Z (VSLIJ Csq)S;(1 +t)1 a Z }/[n S]] AR FHH B AR i
a=1 j=1 J=1 Jj=1
@Bg = Z(VMa_CMa)Va(l +)17 —(cp+ eV / (nSm) FRERT TR
a=1
®Bgs = [Z(e,,—ca>se(1 +)17 = cpSe / (nSe) A RETR
@Bg4 = (vs—c5)Vs/Ss BN e
@BE,S =(Vier - Cp)/sr 71(%%\1}5%’}{42
© B = [Z(tae = Cae)paS (1 +i)174 —cps} / (nS) SOIRBRAR . AEZS IS5 THREIT
a=1
DBer =Y = 1"S,(B - ) /Z ~ 1 AN
j j
®Bgs = ijSj(Pj—ij)/ .5 B A R iRTt
- =
@Bgg = Z Qaom | 1 viy-a_c, /(nsg) H 2
qh
W Bg,10 = Z(laesa +AngWea + Prawpa)(1 + iyl-a — Gy /(nSs) Bz E fsrn | Rl 25200
a=1

IE: By, ML S P A AV RS s © it AR moEYZEREGE s Vo, 2 aE AR B s Coyp N2 TEW S 0l
IR EIEFERA s SOZAERMETI RN DRAERIR o MR H ISR 2 @ vng s ema R aSERR R (FEAR) BT )™ SRR AL H |
BLEEFERAR ¢ crﬁ%@ﬁuwmw@mammz&&mﬂ%%m V R AR BRI R S AR T TR B e, W a
SERRNTAARR LI o NSt S T RRUR I THABIRUA s SRR AL (5 TR s ¢, 0 P8 B0 TR AR F SIEHEBE B s @ vy hy s ) S (AR ™ 5
csﬁllu%mz{ﬁ«h%%ﬁmx Ve has R BARL; Sgohas L EVARL T R ® Vo E KA e B B/ K R B s SO B/ & A Y
® 1, HFAFEAN B oo N aFE R NBCF R BINA s p N iR a E IR GEG S0 IR o o PR B E FRT H Seita
B3 D SRR IR PRI PR ZE AT RIS AR A 5 o b3S BRI H ISR 25 © ok HR T LA (L . WA X IR
RIKERFEG Somi H AR PoAT A ST LM (S PN o cp PRI R H S R 2 © O, W5 adE M SRARIR AL o8
HRMIERETTRITREG mAREEABRIIR, A, 20962.7 ki/kg; WABIFIEOR: p sRa BN, To/t CoONH Sl 321 S,
R RAGE TR W0 1,0 auys Pug HFaFAT SIS B, FARBERE. BHEBEREUE . e Weor Wp HWBAEAT SIS PG
P P EREARBNE . BHICRER . PEME; SOATH SHE A 5 SUOGE T X RA R

VB R A RO S K 3 A RO+ [i0) = ) olByxi+ ) BBy,
R BB |- TR Ml 9% 3 A5 TS hR AT " =
SRRV, MM H 220 5 Ml TR 2 2 FOO+ B0 =D B+ ) nlEe iy
PR G 1), o JeP, jeP, 0
45 ZBEREENIREGE ﬁm+ﬁ@=zpm@+&ﬁfwmﬁ

(1) AR, i 7, W SO H 4 P ihss e
TIUH p; WAL x;. vy, Xy 2PN SR E p; 1 ZE{(ESJ + Eg>+Ess).y;
%%ﬁmﬁiﬂﬂTﬁﬂﬁmﬁ%ﬁﬁ¢&%gﬁ =0
BUALL 05—

() FURRACIGE . 0 LISRE RS2 S b SODIRAI T 7, I, T
Eﬁ%@ﬂﬂ%ﬁﬁm@ R RS M Wﬁ?ﬂﬂfﬁm¥ﬁ9$ﬁﬁ%¥ﬁﬁiﬁim

U

ARG S A Es i B AR e AL, H H AR ﬁiﬁlBEu a; j{lp T3 H 3R S RENS = A
ﬁ%ﬁ%ﬂ:ﬁﬁﬁﬂﬁﬁ% 9~11, HAKRIWLZE 12, &3 BE,ifJ: 5% &iﬁnﬂ@i&%@ﬁ* o M 2R E7F EI’*J e fils gl
%5 HAR R B A0+ A) . AR H AR R EL o0+ py THLHM T A RERE P A By, 2805 A0 4 M HL T

H) R HAREEL A0 + OV T [ lﬁuﬂiﬂruﬁi (LA 1A p, ?Iﬁ EE: SN}



126 % £ Z % 2024 4F45 49 %
R10 AEXTFHITMEITE
Table 10 Ecological benefit evaluation calculation
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Table 11 Social benefit evaluation calculation table
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Table 12 Construction of decision variables and objective function coefficients
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Table 13 The setting of implementation project B under the logic constraint of underground space development and utilization
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