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Abstract: [Objective] Slope-based gravity energy storage (SGES), an emerging mechanical energy storage technology, can effectively
enhance the local consumption of renewable energy, mitigate the intermittency and volatility of wind and solar power. The long-term
operational effectiveness of an SGES project is highly dependent on scientific site selection; however, there is currently a lack of
systematic methodologies and practical experience in this area. [Method] Considering the technical characteristics and application
scenarios of SGES, this study proposed a two-stage decision-making framework for site selection, combining geographic suitability
analysis with the triangular fuzzy analytic hierarchy process (FAHP). In the first stage, geographic suitability analysis was conducted

using an established constraint index system covering critical factors such as elevation difference, slope angle, land use, and infrastructure
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conditions, thereby identifying candidate sites meeting construction requirements. In the second stage, a multi-criteria decision-making
(MCDM) framework comprising nine evaluation criteria across electrical, economic, and social dimensions was developed. The
triangular FAHP was employed to determine the criteria weights, and expert evaluations were integrated to comprehensively rank
candidate sites. An empirical study was conducted in Guiyang, Guizhou Province, to validate the applicability of the proposed method.
[Result] The weighting results indicated that electrical criteria, particularly grid reliability, dominate the site-selection decision, whereas
social criteria have the lowest weights. Additionally, a 10 kW prototype of the slope-based gravity energy storage system has been
successfully constructed at the selected optimal site, further demonstrating the scientific validity and practical utility of the proposed
decision-making framework. [Conclusion] This research provides theoretical support for the scientific site selection of slope-based
gravity energy storage systems and broadens the application of the triangular FAHP in the field of gravity energy storage site selection.
Key words: slope-based gravity energy storage; mechanical energy storge; site selection; FAHP; subjective and objective evaluation
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Fig. 1 Classification of gravity energy storage technologies
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Fig. 2 Index system for site selection of slope gravity energy
storage system

2.2 IEEINE

) R 2R DR R B R S T i e R Rk ik
Fabrfk R LB THET FEAR P LU ), 7R R
TERS, BREEFATIEATRS TR, BN
JE T — L KEERFT 43 3K . B 8L KB )
R ERBHESNEEH =AM (L m, w
P AR I T A B, 3 ST % B IR A T R A
BIAIWAE BE . BT 12 WA, R &R
BLE .

D —ARARRCE T

(1) B8 ST ASOR 4 W 4

HR 5 1) 45 & KBRS 1) B0 2 3 — e Fa b At
RBIFERE, Wk 5 Fior.

x5 RIS TS BRBIIRAF ETRE A
Tab.S5 Fuzzy pairwise comparison matrix for the first-level
indicators with respect to the overall goal

®o PEER—HMHER

Tab. 6 Consistency check for the median matrix

B, B, B, — AR
B, 1.00 2.00 2.00 Aon=3.0536
B, 0.50 1.00 2.00 C1=0.0268
B, 0.50 0.50 1.00 RI=0.5200

¥E: CR=0.0516<0.1, —FritHeimid.

WRAE A (3D THEBR AR T HERE E:

1.000  0.500 0.750
E=10.333 1.000 0.500 (8)
0.733  0.333 1.000
(4) THEE AR Q
R AN (4 TR W Q.
3.132 3.166 3.750
Q=[2299 1916 2875 (9)
1.400 1.083 1.625
(5) KHFE Q X LA — L5135 @
1.000 1.652 2.308
Q' =10.734 1.000 1.769 (10)
0.447 0.565 1.000

(6> FT7HRVETHE & IR b AL AT 3 — P4
Fax T HARALE, Wk 7 Pios.

Tab.7 Weights of the first-level indicators (B,—B;) with
respect to the overall goal (A)

W, Ws, W,

0.476 0.332 0.192

B, B, B,

B, (1.00,1.00,1.00)  (1.00,2.00,3.00)
B,  (033,0.50,1.00)  (1.00, 1.00, 1.00)
B, (0.40,050,0.67)  (0.33,0.50, 1.00)

(1.50, 2.00, 2.50)
(1.00, 2.00, 3.00)
(1.00, 1.00, 1.00)

(2) FHEFERE M — AL

MRYEER 5 49 AP B AR RS, IR0 e B AT — 2K
PEARER, K 6 s

(3) ARV 5 FEf E

2) ZRARbETE

Jett B RARAR N — AR bR B, @)
I — 2 T bR A 5 AR AR AL E AT AR SR T B
B3 R bR S AR . BT AR AR AR
T AR AR ) = AR AR ) Wi e ) A4 3 i R A — 4%
FRARAERT T2 B bR i = A AR 4 0 R B 1 A i o 2
PARALE TR AR, PR RS, b 2w
T EE AR, gh H = A AR S T R R A B A
iR, WK 8—FK 10 Fraw, H AR BE R 4
BARI T — AR E A R, Horp S E R
RN EH AR A FAE TR R, fabrik &
BCE TR 25 R sk 11 fiows
2.3 EHIERER

g a5 —EiR R E i e R Gk bk vF
WA B AT B R AR AL, X SN B



32 P 77 AE R 22 1% B12%
£8 C—C ¥ B, BRI ERE RN E T B 11 NEHELR
Tab.8 Fuzzy pairwise comparison matrix and resulting Tab. 11 Weight calculation result
weights for C,—C; with respect to B, it % BT W%
[} G, G A ATFEBIC, 5.28
e} (1.00, 1.00, 1.00)  (0.33, 0.50, 1.00) (0.14, 0.17, 0.20) ML % B, 47.60 Al A AR IR AN C, 10.57
G, (1.00, 2.00, 3.00)  (1.00, 1.00, 1.00) (0.25, 0.33, 0.50) R HEC, 31.75
G, (5.00, 6.00, 7.00)  (2.00, 3.00, 4.00) (1.00, 1.00, 1.00) HALAERE AR C, 3.69
AHXSATE /% 11.10 22.20 66.70 LU R B, 33.20 BRI Cs 7.37
RAE/% 5.28 10.57 31.75 B UG, 22.14
E: 2,,=3.0003, CI=0.0002, RI=0.5200, CR=0.0003<0.1, —Fi{k BURSCHC, 12.19
KB o KB, 19.20 FRAELC, 225
AMIFEC, 4.76

®"9 C,—C XY B, BIEMFIEERE AN E T RS

Tab.9 Fuzzy pairwise comparison matrix and resulting

® 12 FEGUTEESHITE M FIRER

weights for C,—C, with respect to B, Tab. 12 Candidate site screening and geographic
G C. C. suitability assessment
C, (1.00, 1.00, 1.00)  (0.33, 0.50, 1.00) (0.14, 0.17, 0.20) - mZE/ YW BT OBEEM tih BEE BEXUOG
C; (1.00, 2.00, 3.00)  (1.00, 1.00, 1.00) (0.25, 0.33, 0.50) m () A km #A FX/km FEE/km
Cs (5.00, 6.00, 7.00) (2.0, 3.00, 4.00) (1.0, 1.00, 1.00) D, 8 12 & 1 ity 1 2
AH A /% 11.10 22.20 66.70 D, 200 27 A 2 AAA 13 >
X D, 170 30 1.5 ! 5 1
B/ % 3.69 737 22.14 ’ ﬁ AR
— D, 150 15 & 0.7 il 2 10
i 2p=3.000 3, CI=0.000 2, RI=0.5200, CR=0.0003<0.1, — %tk " LS
NII&G Y-
K imid . D, 110 21 1 i 3 3
D, 120 22 fi 3 KR 1 4
£10 C—C ¥ B, HUIEHIHIBT R AV E i B R D, 150 1 E 2 RLEM 3 !
Dy 50 38 A1 0.5 HEBRF 05 2

Tab. 10 Fuzzy pairwise comparison matrix and resulting
weights for C—C, with respect to B;

(e Gy G
G (1.00, 1.00, 1.00)  (5.00, 6.00, 7.00) (1.00, 2.00, 3.00)
Gy (0.14,0.17,0.20)  (1.00, 1.00, 1.00) (0.33, 0.50, 1.00)
G, (0.33,0.50, 1.00)  (1.00, 2.00, 3.00) (1.00, 1.00, 1.00)
AHX LT /% 63.50 11.70 24.80
SAE/% 12.19 225 476
HE: An=3.0189, CI=0.0094, RI=0.5200, CR=0.0182<0.1, —Zit

FH T EAT 1 R 06t B8 R Gk B vPAN 4047 -

FRAE 26 1.1 75 Fr 3 fr) R B8 1 0k 43 A7 7 vk, 3k
T RRARAR, AR S BRI BEORE A ) A AR o B
BHAZSE, 72 5T BH T Y [ T8 iR H 8 M ik ik
e N D, —Dy) o B, AR 2750 2 B A i
FeAr” MR, SR I R X 8 NI hk kAT w10 A
Wr, k12 frox.

MR TT W, e 245 A BB I 8 A v ) 3k
34, WD, Dy D5, il%5 NP, P, Py,

BENT =B 0L FAT 0 5 FAHP BUE INRLER & R4
B BLo

e, FESE O IEE VRO Fa bR i & rp g H
Jis @RIt e 3 KEHERR, X &Rk ikt AT T
PR S SR A Y, 80 X AR YE & PR i
bkt 3 Ab S IES AT I 0y, S5 A BRI e
Prigih S AR AR AR, 53 ik
WAL G AR, SRWME 13 P, W LURHL,
HEP 45 08 P,>P>P,, PRIILAE 3 & ikufi i, P,
o, LREEETER, HerhE AT
TR BENE . [ 3 04 P, i RHUE S5t Re R
it B =4O

3 Ztisitie

3.1 WNELRDH

WE 4 iR, WEFRARE T bR A E 4 Rl
F, EHEARUE R e bR B, HIKRA TR
Atk tabr. Hkfabad, BMEEME (G B



55

TR, S FETROM R BTk AR ) i RE R G bk S 33

R 13 3 RBEIGEZIERIT D E
Tab. 13 Evaluation scores for each indicator at the three
candidate sites

fabr B P, P, P,
e} 5.28 7 6 8
G 10.57 8 10 9
G 31.75 7 10 9
G, 3.69 9 8 5
Cs 7.37 8 8 8
C, 22.14 7 8 8
G 12.19 7 10 9
G 225 7 6 9
G 476 8 10 5

I 7.30 9.03 8.31
4 3 1 2

3 P, B SHERE R SR E = HURE
Fig. 3 3D rendering of the terrain and SGES system

layout at site P,

Hhm, RALEL (G WERM, o HER
U

1D B RGERa e 2 RE T E T I itk
R R G kb f2 i, g (¢ —C)
YSE T B BE R GE I 0 BRI S 8 X, Rk 3L
R R E R E . MR E s (C) 21
BRGNP EAZ O R, RS RS B
HEEHZ — MR PRI, AR e
HUE AT Rk bk X B AR e R, iR
RGMT RS, FOYERELE B i 3 i H L5
Fr, BERATE R H R TR R R . FI, H
FATRE, XHERE R SR R EDOR
DL J 6] 8] P H 41 F T SRR, il E F I e 1

35

30

AT/ %

12.19

10.57
10 b
7.37

5.28 4.76

¢ G c'g c, G éﬁ c G G
R
B4 FITNIERMNERRE
Fig. 4 Bar chart of weights for each evaluation indicator

2) ZWFREIE (C,—Co) HARNERE RSN
AV B REE, HEAREAR I RGRE
PR R EEA L. A MR E R, L
F I 2 B R s e AHES i e R G v, PRI e
FEH IR R )5

3) HaRKEE (C—C) BUEMAM M.
SRAEIRN T H R A H B, B IR
Wi 5 25 JE AL ), ELAR EE R ) 3R e S B A 1k
MATEAATYE, BT EEERMR. Rl 2 SR At
A (G Fabn BARTT LUK It 7 ol L2, ik —
E AL BT, (HEAEMERE R0l H o B
FART G At BT H F L2 = B rh e iy,
ZE WAL R BN Bk, RE RN
RE Y K — 38 M 7 SCRPRIAL 2 20 ek, (H L sg i B[]
LT
3.2 ENEERS R

AWK PR Btk 7%, PASHN 48 Bt FA T
SR, 7 2 i PR R A3 AT 0 O A
R E ) RE R SR BRI KBS 0E P Ps
Py, HUEET M @Rk 2 NP R R, BH=
FARSER 2 IR X WTE RS 3 Ak 3 bl itk AT 22 4E 2 73 #r
P4 R EoR P, @ B RN, Pk, P
EZ &

Mk bk S5 RKRE, M HE P RSB AE T % 3kt
FERBETEAR TR ZE R . BRI S, ERE S
FALK (>10%) ) 4 TR AR ——C, (HH RN
HAF, 1057%) « C; (HMFREME, 31.75%) .
Co CBANIAEREINGR, 22.14%) VALK C, (#% %[,
12.19%) ——P, fE T A s BUE AR A5 L 19F 3 2908

W




34 BT REUR R

2%

i, PR, PR, HIEESBUOLERA MU
IR SeHAL . IX R, ke SRRV R AR B
PRI 50 B 2 HE PP 45 SR B g MEAE T

UeAh, ERERENLZ, BR P EPTA fERTE
KPP BIAME (BIRTET 720, HlTHAES
BE AR S LRI MRS, RALRE1R I amAt
TARAL. 1 P, 5 Py R AL M R E 15 b L HI15
AR (REAAE 6 7085 75D, (HEAERE
fbs ERINR W, AT T BRI X
AU, HP AZIR BRI, 652 )%
Dbk S PRiTor 85 R IR A, SERGE T mA&
BRI s SHE R Eik . fEZHENEG . PP
) Ja) 8 AR AE R B R AR AR it — 2D T8OR, AT
X B 2 R SR SR A S R R

L LT, AWFFRAIGIE T P g iR e i &
5 PE 4 7 VEAE A e R Geak bk b i W] AT PR A S A
Wik — BRI A 2 U PR B E AL S A
BVES I . RRFEM R SCB T, 75 M
REEALE I AT 5V R B RIS & RN, JEIH N R AR
X U R SRR AR RN TEA, DLIRTH B hk &5
MIRHATE . Rase 5 R O fE -

4 ZEie

E 241 2 BR Ae 5 25 7 4 B 5550 B4k e BOR PR
RBFHE ST, RIBEDEREE SR Kk
A BRSSO AT P A R VR T 4
HL R 15 BE BT B E AR ARk AR . RAEHEEN
s i Re 0 H I8 AT AR DG ER Y, R R R
R 8 R T 7. Ak, ASCHE T — &
) & 3% X 7 fif e R G R Bk ik v SR AE 2
F DA M A8 B B 17 N SR X TT R o #r . WE R 458
LU

D CERH BN BOEbE TR B
B N TS Sk bk R0 %, 456 RHE A
TESHERBEEL R, W 7 B R IE N PR FR AR, O
T 3 AR A R SR R I HE (P Py P
BB AR . SR E e 3208 9 iR
b ) 2 PP AR 2, SR = MR 2 090 BT i i
SEFRVRAUE, IF4h G FIF 4 58 O 2% 1 S ik (4 i
BHET -

2) BELRER, HIRIBRERARELL R
Fr bR R AL, R AR T PR R A Bk

BENE, Mk B8 had RO AR BCE SR AR, U
BH G Jik B8 DGy I8 AT HE Al AR (R A 2 AL ER . 7R 3 A
ik, P, fE S AL E SR bR BV, mA&
e il . bk g Rt — B3R, HP AN
TR BCE RS, 32 BSERRIE o 2 T R R EEA,
PR 3 R o IAAS o3 IR B

3) EMREE I P, bk Al b, SRIhE
EI0kW MR E RN RS . ZR5T
20254F 3 H 14 H NIE RS 7 B R AT B B B4 e 7y
R RESEE TR, bEEART TR O]
A SIEIL A B 1 B TR ST B A AU AL

SCEEAR R RHEZL R X E iR R AR
PR T —Fh O, EANFE— R R M.
TR E g ReER B Ar b T 3R B AT T
FEBY B, BZ RS PR A S R S, AR
FIT R SL )P TR A J S A e B AR T
ZENWMBLTHRELR, B —EMERME, M
W2 IR I R B R SRR F - B e
BOAUE . ARRIIBEF R, THRIGIKREIE . BLER
5 )RS EROR DA SR e SRR (A, T R
RS VPAl 25 K ATAT PERAIE,  DLATTH AR T
R R E Tk AE R Gr ik bk YL SR R AR S R

SEXHR:

[1] TONG W X, LU Z G, CHEN W ], et al. Solid gravity energy
storage: areview [J]. Journal of energy storage, 2022, 53: 105226.
DOI: 10.1016/j.est.2022.105226.

(2] E3E WAk, FECUK, 55 BT E kR kiR (1), fEAER
2 HHR, 2022, 11(5): 1575-1582. DOL: 10.19799/j.cnki.2095-
4239.2021.0590.

WANG S, XIAO LY, TANG W B, et al. Review of new gravity
energy storage [ J]. Energy storage science and technology, 2022,
11(5): 1575-1582. DOI: 10.19799/j.cnki.2095-4239.2021.0590.

(3] BhZ. ILGERES SRR LA AGC i Bh i 35 22 5F 70

[J]. #9 J7 fig PR 7 %, 2023, 10(6): 64-70. DOL: 10.16516/j.gedi.
issn2095-8676.2023.06.007.
ZHONG Y. Economic analysis of battery energy storage partici-
pating in AGC ancillary service of coal-fired generating unit [J].
Southern energy construction, 2023, 10(6): 64-70. DOI: 10.16516
/j.gedi.issn2095-8676.2023.06.007.

(4] Zeseot, BT, WRt . T0 At X B R Bk A v T 1 BE P REHE
A (0], F 7 6 4 %, 2023, 10(2): 71-77. DOL: 10.
16516/j.gedi.issn2095-8676.2023.02.010.

LI X B, ZHAO H, CHEN S L. Research on energy consumption


https://doi.org/10.1016/j.est.2022.105226
https://doi.org/10.1016/j.est.2022.105226
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.19799/j.cnki.2095-4239.2021.0590
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.007
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010

L

5

m KL, 45

e TR 2 20 Wik i) R 3 ) E 2R ek It SR 35

[11]

calculation of prefabricated cabin type lithium iron phosphate
battery energy storage power station [J]. Southern energy constr-
uction, 2023, 10(2): 71-77. DOI: 10.16516/j.gedi.issn2095-8676.
2023.02.010.

BERK, PV, PN, AE. SRR A R R A R R ML 5 Bk R
). ® 5 A U5 & %, 2022, 9(4): 24-31. DOIL: 10.16516/j.gedi.
issn2095-8676.2022.04.003.

LUO Z B, SUN X, SUN X, et al. The coupling development of
hydrogen and energy storage technology: opportunities and chall-
enges [ J]. Southern energy construction, 2022, 9(4): 24-31. DOIL:
10.16516/j.gedi.issn2095-8676.2022.04.003.

WRiteSC, BB, 2R ZE S, 5. i D7 IORREE B3 55 T Sk R X 3k
ISR (1] REEIA, 2023, 44(3): 296-304. DOL: 10.12096/;.
2096-4528.pgt.23022.

CHEN Y W, ZHAO J B, L1J Z, et al. Challenges and prospects
of hydrogen energy storage under the background of low-carbon
[J1.
technology, 2023, 44(3): 296-304. DOIL: 10.12096/j.2096-4528.
pgt.23022.

POONAM, SHARMA K, ARORA A, et al. Review of superca-

transformation of power industry Power generation

pacitors: materials and devices [J]. Journal of energy storage,
2019, 21: 801-825. DOLI: 10.1016/j.est.2019.01.010.
SHEIKHOLESLAMI M. Analyzing melting process of paraftin
through the heat storage with honeycomb configuration utilizing
nanoparticles [J]. Journal of energy storage, 2022, 52: 104954.
DOI: 10.1016/j.est.2022.104954.

AR, (LR M, VRIE R, 5. ALY S0t P AR R T 3T e U
R R [JOL]. K HEE A, 2025: 1-15 (2025-01-13)
[2025-06-04]. https://link.cnki.net/urlid/33.1405.TK.20250113.
1131.010.

ZOU B, REN J D, XU D M, et al. Recent developments on the
application of chloride molten salt heat storage technology to new
energy power generation [J/OL]. Power generation technology,
2025: 1-15 (2025-01-13) [2025-06-04]. https://link.cnki.net/urlid
/33.1405.TK.20250113.1131.010.

IR, RE N, INGTE, 5. RE MR BOR AR & A LA
otk (7], B 5 e Ui £ B, 2022, 9(3): 119-126. DOL: 10.
16516/j.gedi.issn2095-8676.2022.03.014.

XU X L, ZHANG Y F, SUN H C, et al. Research progress of
flywheel energy storage technology and its coupling power
generation [J]. Southern energy construction, 2022, 9(3): 119-
126. DOL: 10.16516/j.gedi.issn2095-8676.2022.03.014.

FRHA, Wbk, REUH, 5. 2T HER SOC H -t G
fifi e — YR AR s [T]. M) DREECR, 2024, 43(5): 122-
130. DOI: 10.12158/j.2096-3203.2024.05.012.

WANG J Y, YANG K, SONG Z X, et al. Primary frequency
regulation strategy for battery-flywheel hybrid energy storage
based on adaptive state of charge [J]. Electric power engineering

technology, 2024, 43(5): 122-130. DOI: 10.12158/.2096-3203.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2024.05.012.

R, Mo . R85 SR REBOR B LB S R a9y (7).
7 BRI, 2024, 11(2): 146-153. DOL: 10.16516/j.cecc.2024.
2.14.

YUAN Z W, YANG Y F. Research status and development trend
of compressed air energy storage technology [J]. Southern
energy construction, 2024, 11(2): 146-153. DOI: 10.16516/j.ceec.
2024.2.14.

HHF =, R, TRE . — P AU 4 fif e 3R 4 2 3
AT ST [J]. mE 7 REREE i, 2024, 11(2): 154-161. DOL: 10.
16516/j.ceec.2024.2.15.

ZHENG K Y, CHI J C, ZHANG X F. An energy storage system
with binary cycle gas compression and its feasibility analysis [ J].
Southern energy construction, 2024, 11(2): 154-161. DOI: 10.
16516/j.ceec.2024.2.15.

RAx, INER, B, 5. R4 ARG REBOR G HHRR s
T [, = SRR, 2023, 35(6): 90-98. DOIL: 10.3969/
j.i8sn.2097-0021.2023.06.013.

WU Q, SUN C L, GUO H T, et al. Analyzing the technological
and financial features and prospects for compressed gas energy
storage technologies [J]. Petroleum and new energy, 2023,
35(6): 90-98. DOI: 10.3969/.issn.2097-0021.2023.06.013.
HkEO, MR, TR AR, 45 HE T RMBCRL A ) T 77 i AR ROR
WraTikR [1]. iRl 5HR, 2024, 13(3): 924-933. DOI: 10.
19799/j.cnki.2095-4239.2023.0667.

ZHANG J Y, LIN Y X, QIU Q Q, et al. Gravity energy storage
technology based on slopes and mountains [J]. Energy storage
science and technology, 2024, 13(3): 924-933. DOI: 10.19799/;.
cnki.2095-4239.2023.0667.

NASIR J, JAVED A, ALI M, et al. Capacity optimization of
pumped storage hydropower and its impact on an integrated
conventional hydropower plant operation [J]. Applied energy,
2022, 323: 119561. DOI: 10.1016/j.apenergy.2022.119561.

MAO Q H, GUO M X, LV J, et al. An investment decision
framework for offshore wind-solar-seawater pumped storage
power project under interval-valued Pythagorean fuzzy environ-
ment [J]. Journal of energy storage, 2023, 68: 107845. DOI: 10.
1016/j.est.2023.107845.

TAHERI B, JABARI F, AKBARI FOROUD A. A green cogen-
eration microgrid composed of water-source heat pumps, a
gravity energy storage, and a bio-fueled gas turbine: design and
techno-economic optimization [ J]. Sustainable cities and society,
2023, 95: 104594. DOI: 10.1016/j.5¢5.2023.104594.

EMRANI A, BERRADA A, BAKHOUYA M. Optimal sizing
and deployment of gravity energy storage system in hybrid PV-
Wind power plant [J]. Renewable energy, 2022, 183: 12-27. DOI:
10.1016/j.renene.2021.10.072.

TONG W X, LU Z G, HUNT J D, et al. Power control strategies


https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.04.003
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.12096/j.2096-4528.pgt.23022
https://doi.org/10.1016/j.est.2019.01.010
https://doi.org/10.1016/j.est.2019.01.010
https://doi.org/10.1016/j.est.2022.104954
https://doi.org/10.1016/j.est.2022.104954
https://link.cnki.net/urlid/33.1405.TK.20250113.1131.010
https://link.cnki.net/urlid/33.1405.TK.20250113.1131.010
https://link.cnki.net/urlid/33.1405.TK.20250113.1131.010
https://link.cnki.net/urlid/33.1405.TK.20250113.1131.010
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.03.014
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.12158/j.2096-3203.2024.05.012
https://doi.org/10.16516/j.ceec.2024.2.14
https://doi.org/10.16516/j.ceec.2024.2.14
https://doi.org/10.16516/j.ceec.2024.2.14
https://doi.org/10.16516/j.ceec.2024.2.14
https://doi.org/10.16516/j.ceec.2024.2.14
https://doi.org/10.16516/j.ceec.2024.2.14
https://doi.org/10.16516/j.ceec.2024.2.14
https://doi.org/10.16516/j.ceec.2024.2.15
https://doi.org/10.16516/j.ceec.2024.2.15
https://doi.org/10.16516/j.ceec.2024.2.15
https://doi.org/10.16516/j.ceec.2024.2.15
https://doi.org/10.16516/j.ceec.2024.2.15
https://doi.org/10.16516/j.ceec.2024.2.15
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.3969/j.issn.2097-0021.2023.06.013
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.19799/j.cnki.2095-4239.2023.0667
https://doi.org/10.1016/j.apenergy.2022.119561
https://doi.org/10.1016/j.apenergy.2022.119561
https://doi.org/10.1016/j.est.2023.107845
https://doi.org/10.1016/j.est.2023.107845
https://doi.org/10.1016/j.est.2023.107845
https://doi.org/10.1016/j.scs.2023.104594
https://doi.org/10.1016/j.scs.2023.104594
https://doi.org/10.1016/j.renene.2021.10.072
https://doi.org/10.1016/j.renene.2021.10.072

36

P T REUR A 1

2%

[21]

[22]

[23]

[24]

[25]

for modular-gravity energy storage plant [J]. Applied energy,
2024, 361: 122908. DOI: 10.1016/j.apenergy.2024.122908.
TONG W X, LU Z G, CHEN Y B, et al. Typical unit capacity
configuration strategies and their control methods of modular
gravity energy storage plants [J]. Energy, 2024, 295: 131047.
DOI: 10.1016/j.energy.2024.131047.

S, &, ¥, A5 BRAVE I RE R OB I R R
KA N BEZIREIT T 1. el S5 H0R, 2024, 13(6):
1900-1910. DOI: 10.19799/j.cnki.2095-4239.2023.0962.

NIE Y H, ZHOU X Z, GUO D Z, et al. Study on key influencing
factors of the rail gravity energy storage system and its coupling
with wind farms [J]. Energy storage science and technology,
2024, 13(6): 1900-1910. DOI: 10.19799/j.cnki.2095-4239.2023.
0962.

XRA, REW, FimsE, & RIUHE MR R AN S B
A 0T B 2 A R (1), fReR: 55K, 2024,
13(9): 3266-3276. DOI: 10.19799/j.cnki.2095-4239.2024.0243.
LIU D M, MOU X P, SHI B H, et al. Multi-software collabo-
rative modeling method for mechanical and electrical co-simula-
tion of slope gravity energy storage systems [J]. Energy storage
science and technology, 2024, 13(9): 3266-3276. DOI: 10.19799/
j.cnki.2095-4239.2024.0243.

FHRIH, YT, REEJR, & BT BRIV 2R a2 15
DX T A 2 ki B 7k LI B RGEIR A 5 4, 2024,
52(22): 104-115. DOI: 10.19783/j.cnki.pspc.240162.
QICJ,LIMY, WU Y C, et al. A fuzzy hierarchical selection
method for an energy storage multi scenario interval based on
maximum evaluation difference [J]. Power system protection
and control, 2024, 52(22): 104-115. DOI: 10.19783/j.cnki.pspc.
240162.

L) BT = A2 O Wik ¥ 2 PR X SR TR AL VT
etk RIS [D]. EP: HEKKY, 2014,

CAO X Y. Research on evaluation index system of low-carbon

[26]

building based on triangular fuzzy AHP in Chongqing [D].
Chongging: Chongqing University, 2014.

FE BTN, 2R EE. Fuzzy AHP "L EL I E 7k IRV S oiad (7).
175 K 22 22 4% (B SR 1), 2000, 23(3): 218-220. DOL: 10.
3969/j.issn.0253-2395.2000.03.008.

SUI M G, WEI Y. Discussion and improvement on calculating
quotiety using Fuzzy AHP [J]. Journal of Shanxi University
(natural science edition), 2000, 23(3): 218-220. DOI: 10.3969/j.
issn.0253-2395.2000.03.008.

EEE N

KA (E—1EED
1984-, 9, mP LR, R, R
M R ik RE B R B AT T AR (e-mail)

zhangfan@gedi.com.cn.

SRR
FRFHEE
1986-, %, WHTFEN, Wi, FENEREHE. WEL HoEE
MR ER . HAEH T/E (e-mail) ouyangzhangzhi@gedi.
com.cn.
1
1989-, %5, 2k, TBMNSEBREIRBTHAT A I 7L AR
(e-mail) mouzhenghui@gedi.com.cn.
B GafsfEE
1997-, 33, W-LAES:, LBINFEI K6
FAMATAE (e-mail) jwl19951029@163.

como

e
e

(¥t RER)


https://doi.org/10.1016/j.apenergy.2024.122908
https://doi.org/10.1016/j.apenergy.2024.122908
https://doi.org/10.1016/j.energy.2024.131047
https://doi.org/10.1016/j.energy.2024.131047
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2023.0962
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19799/j.cnki.2095-4239.2024.0243
https://doi.org/10.19783/j.cnki.pspc.240162
https://doi.org/10.19783/j.cnki.pspc.240162
https://doi.org/10.19783/j.cnki.pspc.240162
https://doi.org/10.19783/j.cnki.pspc.240162
https://doi.org/10.19783/j.cnki.pspc.240162
https://doi.org/10.19783/j.cnki.pspc.240162
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
https://doi.org/10.3969/j.issn.0253-2395.2000.03.008
mailto:chenliang@ncpe.com.cn
mailto:ouyangzhangzhi@gedi.com.cn
mailto:ouyangzhangzhi@gedi.com.cn
mailto:mouzhenghui@gedi.com.cn
mailto:jwl19951029@163.com
mailto:jwl19951029@163.com

	0 引言
	1 斜坡式重力储能系统选址方法
	1.1 基于地理适应性的备选地点选取
	1.2 基于FAHP的优劣排序

	2 斜坡式重力储能系统选址研究
	2.1 选址评价指标体系
	2.2 指标权重
	2.3 实例研究

	3 分析与讨论
	3.1 权重结果分析
	3.2 选址结果分析

	4 结论
	参考文献

