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Abstract: Driven by the strategic goals of "dual carbon" and "rural revitalization", and in response to issue such as low rural energy ef-
ficiency and a low proportion of clean energy in rural areas, the green transition of rural energy has become an urgent priority. As an
effective approach to improve energy utilization efficiency and reduce carbon emissions, the rural integrated energy system has
emerged as a current research focus. However, researches on the benefit evaluation of this system remains insufficient. To address
this gap, a rural integrated energy evaluation method is proposed based on a variable-weight extension cloud model with combined
weighting. Firstly, an evaluation index system covering four dimensions is constructed: rural economy, technology, ecology, and
society. Secondly, the improved analytic hierarchy process (AHP) is adopted for subjective weighting to reduce computational
complexity, while the anti-entropy method is used for objective weighting. Subsequently, the optimal combined weights are obtained
by minimizing the deviation between subjective and objective weights. Finally, the improved extension cloud model is applied to
evaluate the index data of the rural integrated energy system, and the adaptive variable weighting of index data is implemented to bet-
ter highlight the system’s shortcomings and advantageous indicators. Taking the data of the demonstration project in Gula Town,
Guangxi as an example, the evaluation is conducted. The results show that the method proposed is effective and scientific.
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LFEg 5 5 4 5 2 4 1 3 1 4 3
LFE9 4 1 3 3 3 5 3 3 4 5 3
LFI01 5 2 5 3 5 4 5 3 3 4

F4 ERIBRERTENER
Tab. 4 Indicator scoring results of the Delphi method

S 553 bt 22 A 5 R HL
gt ulie 3.7 1.486 6 0.4017
R A 3. 1. 800 0 0.5000
FH PN H e A 3.3 1.187 4 0.3598
BRI R 4.3 0.9000 0.2093
HERE T S 3.8 1.0770 0.283 4
AP RARCR 4.0 1.0000 0.2500
TR HETBOR AR 3.1 1.3747 0.443 4
AT A REIR R HLIB B R 3.5 1.1180 0.3194
S R T B A 3.5 1.204 2 0.3440
EZTRiR=y 3 3.5 0.670 8 0.191 6
SRR A (il 4.0 0.774 6 0.1936
cv, =2 (38)

xi
ﬁhifcm (39)

m =
R=1-CV (40)

RGBS % R 18, 21 1 2 R 2E A RETR
WS R PRI R T RKAT R (WK 3), mAGH45
AR 0 . BRIV rbriEZE . AR RZENEK 4
JIi7R, ARSI 3450 KT 3 R bR X £ R 2R
A REIR R G TITAL

TR % G0F 23 PR B R A0 R=0. 682 1 —
RS, HEARITR,

1
n-1;

[ (37)

p
(x;—x,)
=1

A n AEREGE; m AR ECR; xR
FXHRAR i 34555 s, MR i e bR & ZTE5r AR
HE2 5 x, AR & FX i RSP CVoR
Wi AR R R B CV AR T R
B ME .

PO TS DR B AT B AR H
(EYI

X:=b(k— DR (41)

K Y A RITKRGITHE; bS5 LR
s NS TRER B R L ZITE MR 28
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A b=10, k=11, HIHBEY =k -1 =84
WRT7FER 95 % EAR R R ITE N 18. 31, MR
P (39) 1875 ¥* = 68.21 > 18.31, JFLAAI LA
HTE 95 Bl EARE T IN AT RIEr RN T —2o
3.3 MEME

ARSI AHPIEEHI(1, 0, —1) =R
VEATr, R SAENS B B N ANl bRIa] ) B PEfY
AT, L ERBRIER, MR 7RI
R, IFHAE T B RTR R E AT

Hi 3 5 FIAL 4 AT RS0 AHP 3L 7E —BOrE A H o
IR ] 75 T AT DI 344 T 46 B 25040 B A I # 2
W, ik AHPREIUD T ORIBORS AR, X IE O 45
TN AL 58 AHP YA A BEUR, AT 48 B A
S /NERE, Mk AHP ¥ XS 5 R R AL fE
A REPE AR AR AU 5 1 22 /MEEL A% S8 AHP 32 451 2%
TSR

*®5 Bt AHP ik 5% AHP 51T E R E R LE
Tab. 5 Comparison of calculation time between the improved

AHP and traditional AHP

ViRis —HME L CR 18] /s
itk AHP(3F5J%) 0 0. 005
1£4: AHP(9FRE) 1.162 4 0.095
[ ] S AHPRGE
08k [ AHPKE
_i;
=
B4l
|1 alllhahod
SEES e Zn F B, D S
T 2% % B % 5%,
8%, T Dn B B B B
TN DI I A N
DR o K B R BB BT
I R A N T A
G0 NN
v 7& 63)’ i @g‘% O\)’
(e

4 B AHP ik 51845 AHP AL E XT tE
Fig. 4 Comparison of weights between the improved AHP and
traditional AHP

N T BRSO E B AT EEE AR SCTE Rl — B b
G 908 P S 0k AR A3 SR AR A7 % L B R A

&5,
ogl [ AR
S+ T WidGEiE _
S 04+
: ﬂ
X
Oﬂmmm Hm(ﬂm

ST G B P B D KRS
PR N N RCS )
‘@»‘4\‘%} ‘(J Z ~>‘\'§ \T@—\% ng gi" X %
ERCTR N ADIE T R
UGB BN B BT BT
I T S BN T A
@'7‘)@“ Th A @‘AO/O\J&
s e \»339\:{ 15N
ke %> @)g %
<

E5 REESHIUENERT L
Fig. 5 Comparison of weights between the anti-entropy method
and entropy weight method
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Fig. 6 Combined weight chart of first-level indicators
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H ] 6 7T R — 28 45 A v B R 4 B A B R
0.336 7, HkAt4EEEALE 7 0.251 2. f ekt
AHP 1 FI T DA B f5e /M 38 5 AN R A 22 ) BT A%
BARPRE . B AE A A AE U 6 TR .

*k6 WEMER
Tab. 6 Weight assignment table
WAL R bR FAE & WAL HEE
A, 0.072 1 0.064 1 0.068 1
A, 0.0382 0.0832 0.060 7
A, 0.0382 0.0854 0.061 8
B, 0.1493 0.0627 0.106 0
B, 0.1493 0.097 1 0.1232
B, 0.1493 0. 065 8 0.107 5
C, 0.038 2 0.067 0 0.0526
C, 0.1493 0.1888 0.169 0
D, 0.072 1 0.096 2 0.084 1
D, 0.072 1 0.0617 0. 066 9
D 0.072 1 0.128 1 0.100 1

w

1 2% 6 AT 0 A FEAE BEVR & LB B R C IR bR &
U e o 0. 169 0, HERE W S5 B8 b4l & AR
WZHR0.123 2, AP ECE B HE bR 4l G 4L
HEEM0.107 5,
3.4 TRAE=#HETELER

HRAE 20 (26) A1 4% 7 I B 74 i 3375 31 45
PRI RS [ R W T
3.5 IEMRTNINE

R SOy B S AR BRI P 40 2 A5 AL DA A 25

Hy 28 8 W AR AT 388 4 A R 25 IR B Oy
0.239 84k, BIASALEG VAR 45 e by, B Ay
REEPFIR AL N EH

MEIFIR, W TARETRL RN FERAIR
O E;, FTLLE BRI R YE T HE AR A, F1 A, #42
TR, A BE R A G AR G R T
AN, +HSYEE AR D PR TABAE, D, .
D BEAR T A AR . FiRYE 4845 B, . B,V E,
AT M PR T AS AR, B, TR & T A8 BURL R
YRR AR C P T AR, C,URRAIL T A2
B
3.6 ARGHRBEENTINERELFHER

WRE (32)—(34) T H AR AUS 2 AT R A
(A S 25 IR N3 10 i .

H 2% 10 RN 7 AT %0, 23 A # mI A, ek
= RBCE N 0. 486 75 N — 5%, RGYEY LA
A K7 R 0. 110 25— 2490, HIP A
B BE AR A, 16 AR R BLSE (0. 652 31) WL 4F 45
P, WEFHREB K= KB N 0.044 38 KK
U259, fLRETTSETE B, B K = G HKEE 4 0. 023 88,
A=W i SRR B die K 2 SR HE BN 0. 991 33 4
WIS, 15 W HEBURAS C, 16 hr fie K = QIR
H0.197 92— M55, FI AR RRIR & LB B R
C 18Rt K= LB 1 0. 016 36 W44, &
ARG i D, i KOCHKE R 0. 026 14 4 555 9,
Z WAt KR D AR br e K = RBREE R 0. 197 92K

AR R IR S R . — M EH, SRR AN ER K s CHE R
xR7 EHAMREK
Tab. 7 Grade boundary table
% W — By i
AL G AR
(E_,E H,) (E_,E H,) (E_E, H,) (E_,E,.H,) (E_,E H,)
A, (9,0.333,0.0002) (7,0.333,0.0002) (5,0.333,0.0002) (3,0.333,0. 0002) (1,0.333,0.0002)
A (18,0. 666,0. 0002) (14,0. 666,0. 0002) (10,0. 666,0. 0002) (6,0.666,0. 0002) (2,0. 666,0.0002)

%)

A3

B, (10,3.333,0.0002) (30,3.333,0.0002)
B, (10,3.333,0.0002) (30,3.333,0.0002)
B, (10,3.333,0.0002) (30,3.333,0.0002)
C, (4.5,0.166,0.0002)  (3.5,0.166,0.0002)
C, (5,1.666,0.0002) (15,1.666,0. 0002)
D, (0.1,0.033,0.0002)  (0.3,0.033,0.0002)
D, (0.1,0.033,0.0002)  (0.3,0.033,0.0002)
D (0.1,0.033,0.0002)  (0.3,0.033,0.0002)

w

(0.225,0.008,0.0002) (0.175,0.008,0.0002) (0. 125,0.008,0.0002) (0.075,0.008,0.0002) (0.025,0.008,0.0002)
(50,3.333,0. 0002)
(50,3.333,0. 0002)
(50,3.333,0. 0002)
(2.5,0. 166,0. 0002)
(25,1.666,0. 0002)
(0.5,0.033,0. 0002)
(0.5,0.033,0.0002)
(0. 50. 033,0. 0002)

(70,3.333,0.0002)
(70,3.333,0.0002)
(70,3.333,0. 0002)
(1.5,0.166,0.0002)
(35,1.666,0. 0002)
(0.7,0.033,0.0002)
(0.7,0.033,0.0002)
(0.7,0.033,0.0002)

(90,3.333,0. 0002)
(90,3.333,0. 0002)
(90,3.333,0. 0002)
(0.5,0. 166,0. 0002)
(45,1.666,0. 0002)
(0.9,0.033,0.0002)
(0.9,0.033,0.0002)
(0.9,0.033,0.0002)
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Tab. 8 Table of maximum comprehensive correlation degree
before variable weighting

SR 2% B — By by

BARZKBEE 0 0.0104 0.0543 0.2398 0.0054

R ERTIMNER

Tab. 9 Indicator variable weight assignment table

BRGEELD W AL
A, 0.068 1 0.1374
A, 0.060 7 0.090 1
A, 0.0618 0.044 6
B, 0.106 0 0.0824
B, 0.1232 0.1792
B, 0.1075 0.0192
c 0.0526 0.1263
c, 0.1690 0.1409
D, 0.084 1 0.0752
D, 0.066 9 0.067 5
D 0.100 1 0.0372

w

F10 TREEHRZXRKER
Tab. 10 Table of indicator cloud correlation degrees after
variable weighting

WAEDR 22 LS — B pas
A, 0 9.929x10°  0.48675 0 0
A0 0 0.11025  0.000 50 0
A, 0 0 3.016x10°  0.652 31 0
B, 0 0 0 0.04438  0.002 16
B, 0 0 0 0 0.023 88
B, 0 0 3.333x10°  0.99133 6.838x10"
c, 0 0.19790  0.00015 0 0
c, 0 0 0.00741  0.01636 0
D, 0 0 0 0.00432  0.02613
D, 0 0 0.19792  0.000 15 0
D 0 0 4013107 0.85003 0

w

0. 850 03 HHUFAFELH .

HRAE X (35) T3 s AR A Jie K5 I 3
TR, BRI ATHL, $EPREE 7E— B S5 25
B RBRE B KON 0. 091 23, B LARRUG AT 4 2 #5550

11 ENERRGEXEKER
Tab. 11 Table of maximum comprehensive correlation degree
after variable weighting

Y 2% Bz —f B 4

R IR 7.78%107" 0.024 99 0.091 23 0.086 13 0. 006 42

Al 2 WA BE IR RGP 45 5 — B, (B4
FERMLRE R OR T —REH, R RLAS
45 0L A — P O ) 5 A0

H 2% 8 A AR PEA 45 SR 1T 60 A8 AR 8 A B 7
B ER LG R R R 0.239 8, FFLLRG A
AT PEAG 25 5 et i 9l a2 R AR LU
YHEARRCE AT T HIE W ACE R, T C 5Ps1iT
il R85 25 B B BT SR G R R R A 22 AN, BT
DAK R BEAR & 1 A 25 4 B (075 Y I HETBUR AR € #6%
FIAL E 1 0. 052 6 275 £ 0. 126 3, %88 T His
b, [RIESBEAS T 8P SR AR P00 D, . D, D%
TEPRALEE , A, A, SR ARTE bR UL & T AR BN
1M B, S L AR A 2 RS S & AR, %
ARGV LS R it m T, RIS
(AR A TR PR X ) . ARt BB o sk, fifi
AL S5 B B2 A5 SRl . S5 R EEE 0 =
0. 00027 < 0. 005 /g5 R nl ¢,
3.7 LTWAARRBEEHEMESH

IR UEVEAG 25 TR, AR SO IR R 4R bR B
I £5% W5 7 8 Rk SRR RIS A HETT T 1 000 IR f)
FLARALL

H 1 8 - FE P T 1 70. 1 % A PEAh S g 25
YN, BAEENTO0.1 %, WA SRR
KIesh T HA RAFEEME, AR AL %
X VA 5 A A8 Ak T RS
3.8 AEFEMGFAERBITEE

TOPSIS i 2 LA T B 4 DA B8l £t 45 91 645
HEF 19— R PG 1, i T X L TOPSIS 12 545 3¢
Jid, RSO R EE EA T REMLIE Sh3s i T 3 2%k
PR G AL, nER 120K,

i3 13—14 7] 51, TOPSIS ik FIA S5 ¥ *tis
T8 (AR 2 AL B A —3, {H TOPSIS &+ 1 41
BRI MG BE N 0. 487 438 KT 34 . 4 40—
fe bR, FW] TOPSIS 1k % A 25 1 4505 1Y e AR
FERRIG Y HEORAS C,, A SO BN 5258 T JE i
FEPR R T OLHE R, (B C AR bR 2 50755
G R s R S SO R MBS T RS04,
FEARAR SO A X3

5 AR IS A T EE A 8 bR B PEAG 1 L% i T
T L% AE REAR TS G W HE S A R AR R G 28 05 A
LG A
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Fig. 7 Maximum correlation degrees between each indicator and each grade after variable weighting
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*12

IRCEL7E 67

Tab. 12 Evaluation indicator data

SR R AR AN REAT fteER ApBTRAe TSReHE ATEAERER R RN SRR

e RATJIC BERASTTE % FEME%  WECR% AT MR B A% Jigs FE{E/T TG
144 5.4 8.6 0.0827 78.32  99.11 69. 56 3.2 30.22 0. 81 0. 681
244 6.3 7.8 0.1029 66.34  98.45 72.48 2.1 40. 12 0.73 0.675
344 8.1 9.5 0.138 1 76.88  98.33 71.56 2.6 29.43 0.59 0.765
4 5.9 10. 1 0.1247 80.21  99.45 71. 42 4.5 31.54 0. 62 0.713

%13 TOPSISEIEfEER
Tab. 13 TOPSIS method evaluation results

e SIERUEMR S5 e TOPSIS
Bl s i HIXHRIE

146 0.03002509 0.028 557298 0.487472414 2
22 0.014581 117 0.039 340748 0.729 588 048 1
320 0.037462363 0.02154766 0.365 152548 4
420 0.034710228 0.02039128 0.370 067 554 3

F14 EAXFEFMER

Tab. 14 Evaluation results of the proposed method

e WA ORI
14 — ik 0.091 235 174
24 B 0. 134 026 201
34 — ik 0. 175 962 196
44 — ik 0.203 189013
I i
1.2% - il

— b

70.1 %
B8 THAHAREE
Fig. 8 Robustness test of the variable weight extension cloud
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