E37EEIH
2017 £ 3 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.37 No.3
Mar. 2017

APHLGRERSCAL bR £ B 051

FAN A BRI TEE A

2% A ATERLE A

(LEAHbEEHAEARERLE A K 41000052, THKF THRERM S5 EEIARLRFL TS

I @ 21110033, B M4 ¥ Ak

MRS A RS 3 d K 410000)

WE, ThsbEhEaeidabs ik Fai, EabRicrE R0 AR A A,
DI T AR ALY B, e AR AR A RIEATRA A AT E £ 4 A
i A T b b AR AR A ARAR B | 4 A AR LA R R B R A i (AHP) RIR & gk A 45 AR A E | A
F Ak 6 % T A T i AT T b S AT AL A 25 AR AT R R b HOB AT AT S RAA T AL AHP #
T 36 4 AR A 4 AR BB 4 08 AT AR T 3 40 AR T

LG, WL, AR, SRR, A, BAE, YaBEE, RELKIN, BRSNE

FESES. TM73 XEkARIRAD . A
0 s5l&

725 R Sl R A F BB A 48 5 % o R R A A BT
HEZE WA L R IR
Uil 1) BB AOKT g 1h o e I e Pl O 0 L FE R, S PRz A1
HOEAE R TR IH BT A A AR R R EUE
Sl FELRE VR 9% R AR SOAS 10, A 7% R 3l 1) R ) A 18 B B
AT BB TR — T IR N AR s T ad 72
PO R S AR R AR A TR s AT I A iR ) 5o
AR R IS F2 AR SRR X BB AR 1) AR H Sl 3 SR
AT RESCGE TS, YA TT R 10 5 A A8 H ol AR —
ASFRT G | AE AR B R AT R Ak el s o R D TR
SRR FL 3 (1415 BE AR H AR, X 0 1S 948 H v R
BGHAT VAL, PRl T BB 4 T s AR F 3 BE AR /)N
R RSO A H8 A RN PEA 5 35 2 ik £ fife e 1) 1) AT

L T 2R G0 45 A HL R A5 A AR HRL O 4 A T T R
JRIEEANR IR T RRRE AR A e R 2 22
St F R R X AR H vl Y 35 R AR o M K RE R
R FEAR A 0100 SCHR (3T BB IR T M A T
A HL T RE T PR PR AR R AR Ll 1 S R RO A 4
braroh £ KR SFELE Rl EERL, B EAR ik HE
WA TG RE R, U RS T RS A %% A o)
P H R G RERL 3 7, SCHR[ 11-12 15X #ua 52

Y% B #3:2016-02-18; 8@ H #:2017-01-06

ELUB . BEEMAS]ARAB (FRTEERATN 5 #
AR XBEBARAFREREIBRER), BRAKEDHER+
RAEFTHRE (A THEMGERA B EEFTEL ARt
FARAR B L)

Project supported by the Science and Technology Research
Program of State Grid Corporation of China(the Research and
Development for Self-healing Control Technology in Smart
Distribution Grid) and the National Development and Reform
Commission(the Research,Development and Industrialization for
Integrated Management of Smart Distribution Grid & Utilization
and Enhancing Energy Efficiency Technology Based on In-
ternet of Things)

DOI: 10.16081/j.issn.1006-6047.2017.03.022

R G 8 AR H AT BB R AT, A e R Tl i
HEU RS I RE ok 4 = RERL

A SCER ST B Bl = A8 Ll 4R BE UK 1Y PE A
PR, o 38 [ R b 7 AS 5] 4 X (14 28 R, 3l 47 552 3l 1 A
AR, LA Ry R Bl 0 75 P sl B 4850 O el 5 M IR 2R 2R A 7
e | ST AR HL O BE AL ZE B VR FE AR AR R W K o B
ML S 2 W ATk (AHP) B35 AHZS &, 1 AHP
ST R R 0 2 )2 REE R I R AR 1158 45 S X) K
OGRS HT VL HEA A IE | F4 HE 2% i 3 BB AR 257 5 TPAR A
A X AR H s BE A4 T AR DA

| THRILENEETAERER

1.1 TRIBEIREZMEERSN

MBI R TR BERIUE 15 1 BE IR P 2
i B b R AR T RE IR 5 S B i R 1O RE TR B
Z BE T i R RE AR A T K TR AR A T A% B0 R 1
FEHT A B RE IR, P10 REAE 2 £ BEAR A G, B
il B A T S5 S R R ) A2 i R e A L i A R
B AR L BB LLORIEAS B i o 1 IR AR IRk AR SC
SR FH U A2 Fi il B4 P B 45 9 A A FL ol O FL B Z HE R
Al k78 P il RE A, RIS L 3 ) RE RC/K - BB T 22 i
PN 2 2 A BE T FE S HE A R R

R A v 3 A9 P BB R L, T LK 7 HL i BE AR 0
o — B BEAE | U % BEAR A B B A REAE =
R A2 it vl REFE 73 28 A AN P 1 iR, — K
M BEAE —J7 10 Al R RES R E AR Rk Ui T
or 25 3CADURE 1 ARG | P A T RO AE AT Y IE )
{ER S Rl 1570 Bibun =4 gt b R N E S )
MR, BT KSR RZ PR hE
/N DRI 2 R L U B REFE S W IR K I N
MR TSRO, EE G RO B Tl T
PRI (AR MR ) AR L vk A B B 1 2 e



g3 WS S g ARG S bR 2 R B o ®

v v )
[~ heRe] | rERE] [ REHE]
v ) v
[ 3 o [ | [ T ek e [ | [ Tore o |
A | | | T | | | k| 42|40 || | | 2| | T | 24
| | |5 R | 4|4 [0 b | BE | BE | BE | RE | 1R
| 0 |08 | 408 | 50 | (52| | F| 0 || | |
01| & | | #E | #E| | #E| 1| 31| 3t | i %
¥E| 2% e | | #E| 4 7
it w | it
¥ e ¥

iz

B | s AR S 2
Fig.1 Classification of energy consumption for substation
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Fig.2 Energy efficiency evaluation
index system of substation

R A 2R TR ik SRR AR A 22 19 2 IR A ds
1 ] BRI

FARA R BB B JZ O HAR)Z A2 L BERLER BT
fhFEbR U, T S AR i ol BEAR ) A K P, P LR
N EZ | ELAE B PEREIR AR A R Fs T RS
8RB RS TERESE AR € Mz 47 R85 I R F8 A
D, ZJRIEFR R T AR L BER ) EEGE R N R, B
JJZ AR FRIZ | i B PERESE bR £ 25 T8 AR A
B S MRIT X R AR | A
BRI S A 7 3 R GLB AT IR TR bR B s iy
UHIB AT IR SIS A X 20 BEFE S BRI A ), A0 455
iy 1 £ D3R DA R A R e g 2 DR as A7 2 IR 5 1 30
S5 TR RE AR bR AL TR L A S AR BERUE B
14T BRI N 3R A8 A 2 il R 7 R v s g AR
B 2R GERER S

T i RE R E AR T AR R

2.1 BRIEEMEEIER

(D) EZRHTTNA,,

& AR TR A K 22 % 9 38 W4 25 K8 A0 R 4t
— A 2 R IR B RN ISAT R R A A 2
B XA T BIMEL, AR ORI E R
F ARV 2005 U AR REAE /D | BRLHCR A2 il )
IRVS AN F2 78 7 Lok A A ¥ A 7 U0 RERL S )
AR (1) FFR,

A= (1)

Ho Ny R EE BB N W HRBR I EZGEL,

(2)Z MRERLLL A,

TS A 2 6 S I BA A3 2 78 L
WREFERCR B 2 — . L6 25 TH HAT AR ME R BESK
PR = (2) s

Ewx= %‘: (2)

Horh P, 2 VAT RUE A DR S & P,
235 VA i AT
A7 PRI ek b S ECkh FE Al | R BT 3
ot A A B B 2SRRI, =X (3) s
Ny
Azz_g Egp P (3)

out ,total

Hoo N AR RS B S E Eg B B2
I BERL L s Py N T AT 25 T8 LB SE V8 1P N
5 B TEREE RN E P/ Paga HITALREL,

() IRIAT H e ERE A,

WMl RG R RN EEREEEZ— 1
B REAE 5 KT EL 4 2y 3 0 8 B B ) A 5% | AR F sl YOS
] 37 Fir AN TR) FH 2 %) BECBR AT L 1 Ty 5 R B B s i) 2
SRR, B X R — BT B, A AEE i




® ® 0 8 & iR B

F£37%

Hpe T 4T B i vk B DA IR P A f sl AT RE B AT R
ST A AT BT AR LR R T S IR BT LA T
REVERESS A1, W1k (4) o,

M

M<N, (4)

Hod Ny SR AR e S AT L B M R A R S Y
AETAT H 0 BB, P o AR sl P 2R AT L R
P WAL AT RE AT B TR |

(4 ) F7 T AF I 750 B R YT 2 B RE R BE A,

A FL S ) St AR BB A AR | R R R B A
AR AV H T QA A5 A A P — A0 2 A7 n AR 2 31 25
BRI R Al R I R FASS R A 3 25,
R I BB S 1K, AR SE He 25 AR AU =, PR U DAY B
A R IR R AE 0 43, Al AU in 44 R IRAE 0.5
g7, AAS AR AR 1 43, SR 5 W AR FL il N i AT 4 T
Y T R Y 2 T IO 4 e S A A I 0 O T
REERETERERE AR TR AR, W (5) PR,

0.5N,+ N,
As= N1+N2+N3 )
Horb Ny N, N5 43000k 28 |l Y I R S XU i 44
R RS AR AN EL

(5)Z5 I HRBH 3 XU B 4 ol AR i R 42 i) T =G
As—Ag

70 FL Sl R S O RO X R R I T A 1
5 Ok A% L Sl BERIRE W AR, T sl s il RE RIS, A B
P BE R, AR H S B S B R R A B A T ol
il i A s A= S IR DR B shiE
il , 2 9 BB SR B R sl 4 il — e AR o B
2ok 4 Tl TV R T A% B S — SR AR IR A
sl A T AT, U XX 848 AR A B
P A R Ttk EAT 1A an=l(6) B

A=Paeiz5.6,7.8 (6)
Horf As—Ag 30 RS I BRI i X R 42 i A R
B i 7 A8 bR P, A A S 7 T A BT
B, P RS BIIR,
(6) i HAZ T RETERE Ay,

u AR R SRR Z R 248 | B —Fh RS 0 AR
F1% 25 3451 FE R B 400 FE AR A () | 1Y RE A E 110 22

)
S BTl AR (9 25 R, AR SCLA Y R RESK
B e B TS ZR A0 g B a2 Bl AR RS R

|

NS

e BB HE £ 50 SR FLA Y 0~ 1 2 i1 1y, WU
745 e RS B 1T 128 (7) A 5
Nor
5
A= 7)

Hodr | Ny oA 728 B sl v sl AR 5 880, S, sl FH S 19 1
REVERERS 43,

(1) EAIKF Ay,

WA Ak 23 5| R 15 2% PR BHL B 3% T 48 2% A ol (1) A%
b, F B RIFE I TAE S T R A REAE RIS N, 48 SR
FHAZ Bl S B ) 1 A S AR A5 R DB - AR Ry
WA R PR AKX () s,

> (1+:/80)
AIOZN—E (8)
Horp N AR BBl ) R R R A R 1 R 2R
A AT AR TR AR WA DL RO A
Y, WA i DA BT A B TAEBR I 20 a,
MG BATAERGHE L 20 a B, Y, So—RIE N 32 a,

22 BRFIBITREER

()RR REL B, ,

T AR R B K = — BT IR N 2 O iR LR I,
W 1, 2, s 9) Fron | A B KN ik
T g R 2R AR A X L IR A BRAE R sE IR R
BB A | A% BB RE B Q1 R B oy il 2R AR 1S 22, )
AR R BT T 1, B A BEREE/DN

L
BFK:E— 9)

(2) EBZTIEAT B,

AR B AT B AR A D D PR R AR R A
R RAEL B X R BEE TR
RGN T A 3 A R e 32 A s A7 07 X AT
CRERE AR, A SCLARUZE YL AR R 48 0 ]| B
LT iafT X LB AR 75% , W £ %5552
e b i X=X (10) s,

B B<B;
By= 1.33B§+%55_'3—(,8J—1.33,8}) B,<B<0.75 (10)
5P,

2.338:-1.3388; 0.75<B<1
Forfr B W 7R A% 113 1405, 8 R R AR 4Tk i
1T R TR

(3) TR K%L B;,

TC ) Ty A v BH A g 3k iR 23 5 | RS A A0 11 RE 1 4
K MA YR —E 0 PR EGEAR SRR
i 5 Ty 3 PR BSONT BE AR 0 B S R AR SO
HH SR FH 2 A A5 ) 238 B A T INASCF- 2 08 o e A
A HL 3 1 ) R RO BB R s | =X (1) Bios

My

By=> 5“ cos @; (11)

i=1 ol
o Ny AR HL U N BT AT AR SR T cos
R A AT R R P, o AR A A T e
P N7 LS N BT A AR A5 A Ty 67 4 1Y) SR
(4) =AM 2O R EL B,
AR A AR R BN R AE R R A BLC




%38

W A o AR S bR 2R B B o (135}

SAHGEA P AR & AR AR AR 7R B e — R I
T, E A GHOR S | R AR ) RERE R BERGEI
AR SCKE = M B AN A FR B R S B BE UK - 1Y 4R
bR, AR (12) iR,

BAZF¢:Sm§SMI] (12)

ot F, o =M RSN RS, A B
KIS, A=A PR/, 8 =M gk,

(5) Ul A 231847 Bs,

Sl FH A Sk 78 WL Sl PN A A 7 A T R R AR
HAgE/N, B A 530S 17 g R
— BT RE R, AR SOKE il AR B 2 SR aE AT
WAE R BB — AP FE A, Hoa P A NS A
], AN FE R
2.3 EHLEHMERETER

(HESHEHm C,,

LI P IR 1 R /N5 S ) 1 2 )
FHOC A B S50 1) A R 2 R R AR R T RE
4 S A S 1T DR AR R s b 1) SR P
144 I A BU AR A 0 ) R 4 /0 00 SCHR (18 T BH
& T S 1) 07 R FH R G R ) ek 4 5w AL
W, PR, AR s SO R AL M ¢ N 1, AR
I ¢, o o, H g B 0 F 1 Z E A%k,

(2)=EFRI REL C,,

AR 2 B0k H ARG A1 2 1 AL R R
{H, 2 AR b5 S B T 50 A7 23 ) ) AR R O, X
SHL BB 45 M A% A 2R BORE A I R TR 2R 0B R i A
PR b AP ek 22 | O RERE A UL S G R W 2
PR A R BN 0.1 > B FH N HE SR BEFE 1S N 24
259%", SRR R B TR A X (13) B,

—s=1fo
C=5=7 (13)

Horp S i SRR R B Ry O S AR T AL Y
NEFRBL

(3) Bl gt R 1 ¢,

ST L 9 5 4 ) AR BB R SR I 4 S O
0 V& PR AT | 2 SR TR 9 ) R T P AR e 22
W, ARSI D) AN & E NI W
oy 1553 P A B B 300 S EOR R 5 2 IR %
PG N, DR 4R e A F i 0 A A 9 2 R R
PERE X B AR RERE | Wl 20 A2 v, il 23 9 04 119 75 AT T
FVRHT A DA R A b — M % 338 21 5 — 0l iy 32 B
TIFR g [ 7 24 A FABH | B — A ) B9 45 4 15 A BH
SRR B8 E L SRR S IR R BOR R L
LA AR 22 I AR SR D 2% = AL TABE
(0 A BB 25 1 A 2R OO A AR BEL PR ) 25, 1D

CS=KH:]§T (14)

Horb Ry A AR IABH Ky S P 254 (AL B R B,

(4t PRk C,,

7 P AL AR EGE & FAM  HAL I — R RS
R 5~20 £ Fa#EE ) 22 Gt Bl =W H &
o P A G S R T Y 25 9% A A
278 DT P B B AR O A B 2 IR R S B AT 1)
159%™ A SCHRYE H i 32 228 B0 A0 17 7 B B Y gtk
REVEAT BEALCPT- 43, 40 i 2 7R 7 1 i A BB A |
LU 203253 B S ) B A R g s A 1 4, HoA 2k
R IEo B AN 2 1 iR

£ 1 AARRIERITES

Table 1 Scores of window thermal insulation index
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Table 3 Calculated values of substation energy
efficiency evaluation indexes
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Table 4 Normalized values of substation energy
efficiency evaluation indexesx
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Energy efficiency evaluation index system and modeling method for substation
LUO Zhikun',LIU Xiaoxiao', CHEN Xingying?, DING Xiaohua?,
YU Kun?*, WAN Quan®,HE Junmin®, LI Guang’
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Abstract: The energy efficiency evaluation of substation is the basis for improving the energy efficiency
of power system due to its great energy consumption during the power transmission. The substation
energy efficiency and its influencing factors are analyzed and an energy efficiency evaluation index
system for substation is then established in four aspects:electrical equipments,power system operation,

which the
presented. AHP (Analytic Hierarchy Process) is applied to calculate the weight for each index and GRA

building structure and operational environment, for corresponding calculation models are

is used to comprehensively evaluate the substation energy efficiency. The

(Grey Relation Analysis)
results of a simulative analysis based on the actual substation data show that,the proposed indexes and
models for the substation energy efficiency evaluation based on the grey AHP can effectively reflect the
level of substation energy efficiency.

Key words: electric substations; energy efficiency evaluation; index system; calculation model;

comprehensive evaluation; influencing factors; grey relation analysis; analytic hierarchy process



