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Abstract

In response to the prominent no-load losses, high safety operation risks, and lack of refined man-
agement in the collection lines of large and medium-sized photovoltaic power plants, this article
takes the Shandong Huadian Yanglai 65 MW photovoltaic power plant as the research object. From
multiple dimensions such as project background, station overview, technical plan, implementation
conditions, economic benefits, environmental benefits, and safety benefits, the feasibility analysis
of the application of energy-saving cabinet equipment in the collection lines is systematically car-
ried out. The research results show that the non-power generation period of the power station’s
collection line accounts for nearly 2/3, and the no-load loss is significant. By installing three sets of
XLJN-351 energy-saving cabinets for collection lines, the circuit can be automatically cut off during
non-power generation periods, saving about 500000 kWh of electricity per year. The static pre tax
investment payback period is only 5.7 years; At the same time, it can effectively reduce the risk of
resonance overvoltage at night and reduce COz emissions by 407 tons annually. Research has con-
firmed that energy-saving cabinet equipment for power collection lines is technically reliable, eco-
nomically feasible, and has outstanding environmental and safety benefits. It can provide strong
support for improving the quality, efficiency, and safe and stable operation of photovoltaic power
plants, and has important reference value for promoting refined operation and maintenance of pho-
tovoltaic power plants.
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1. 5|8

fEABRAETREE RO 5 A “ X" HASIRA SR 5N, e BN TRE rE R
(B ZEE RSy, ST R A R . R 2025 A EARAE, DGR BTG IE N A RN 2.12
2T, HAEhAORA 1 2T, A0k 1.13 12T . EEDORK g IFm A 8RR K,
R . XRIDCR A BARE B RGP RALE — 52T, X TR S R AN 2 (IR R R )1
MIEMEE 1], SR, BEE RIS AT ER K SIaEZORIIR &, LRI AT IR i 1) 8UE
Wrgkds . T RPARDGRBEsT S, EHRRICED QTR RS SRR SR, ARk i By
AR R B AR R R, BL 100 MW HBTDGAR s u B, BRE 2 AR e L ATIE 200 JIERL L, 4534
AT AL, A EIRA TR 100 F570[2]. BEAh, AR LI BAR AR 40 AT 5 i B A 08 5 T
JRAE IR AL, SRR, AU B A 2 e 4, IR IS YR A R RS 3] -

HT, 2 HOCR BT Z BT S R B RS AL e BF R T B, S BBURE 55 b XU 7y SR 22
PUR I BAN[4]. B AL LR AT Dy sty L BEAR S (0 A% 00T, LB AT ROk BRGNS ) 5 I R 5
W75e 4 71, Pk, RZREFEIREBARFE . PR SR AR T %, OB SEEL “ FEAE 2 H
PRISCHEE . 2T, ASCULIARHEALRHR 65 MW JG RS A ZE], MEFFRLMYTIN, 2 Hrde 2 is-1i fe
R UME, RSB FAR SOE A A E R RTHE B IR s S % .
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2. MEEERSHGER
2.1. TIPSR N “BUEY K" B “MERh”

TER AL BN “HEY 5K ” BOA N ‘iR A Sl ” B, 188 R O - A% 0 e
& I EBEARIS]. B REGE B, 2025 £, 4 E A EAERRE A EIL 8160 12T FLAT,
ALK 18.7%, 2054 A RN 35.9%. He, KKK B EATHE 5368 /2T LN, fE4aits
FH B (5 Bk 3 22.5%, B 2024 SEEIIR R 4.3 DN E D 6], HS5ILERN, £ ELHSHRAE. WiE
R A ) R 297 G 5 M B — B ER T o SR RBIT, AR vl A H 2R e B AN AN 2> 5 B R B T [
KE R, B AT REIE OB A IR, BRI SRR T IA R i, T RN, BT R AR R
R AFE . 3T L AT, MO GR HL S B T R L SR IE

2.2. IFUEEEN . EMEHSL5FIMR

2.2.1. MBI E SSEEH

AR HEFHRK 65 MW iR B IS F I R B AR T EE N (RE 116°44'30"~117°28'54", Jb 4
35°9'12"~35°32'54"), &L ARE E AR E A @R RITH, B B BHIRIEH A H 5 RiE
RO AR B R I AR R, TUZR ], ZAPIAR 14.9°C, 2 R R 40.1°C,
ZAEM SR B R AIE-16.1°C, - FHIFE/KE 686.5 mm, SR AFE BRI R €8T -

2.2.2. IR SEITIR

ZHIERA k. BRI BT TR, BN R 65 MW, ) LM EL) 9559 JiT
FLI, BREERTTLbRIEL) 3 Jiml, I CO. 2 8.6 Jilli[7]. HubitZ OFLE W R

() FHERSGE: B 1B 110 kV FHESR, %35 1 6 65 MVA (11035 kV)B #iAE £, fitkER
AERITAER 35 kV BLAETHE 2 110 kV JEHEA LM

(2) SErZREg: L E 3% 35kV LK, FALETFHRREL 22MW, 3 7 6 3150kVA Fixl
AR, KA 35kV 385 240 mm? /5 K L A0E T AT EOE, SR TR 35 kV FLHE;

(3) KHTE: BRI Ty 21 DTFFELL 3.15 MW 5 1 ANIE), B FREBECE 1 4 3150 kVA
HAESZ A 196 kW 482 2%, JeR4L4-K A 2256 mm x 1133 mm x 35 mm RS XUHE X 214,
e A AR 2%, WA 207 IE R A7 B

(4) ML THER 110 kV LR 1 [\, AR AE T R rdbrg s, LK EZ 15.77 km, K
300 mm? & 54k .

2.2.3. SHREBRMEL®

I S AT AR AT S AR, R B F R S AR LR R TR AZ O )

(1) ZRRAHE T E T RRA K R Lk g B B R 7 8:30~16:00 (1] ZE K & 4:30~19:30),
R U B 5 E I 2/3 0 MY B AR AL T B ATIRES, HBIAAE AR, AN 3 SRR AR
WIFEHEL) 50 17 kWh, 3 ROKE AEIRTR 20 5 2 5F 40 2R

(2) ZAENREFEE “TEAERA” ST Ui AR B R i sy, A ERA, WINEETSH
BATH, WA SRHERESGER LC HREK, 7oAl dE, Soll % % i & & (THD) ik
8%~12%, i GB/T 14549-1993 (FHLEEJ & A FH A [8IHLEM S%MIE, FrERKLELLE. M
I LE RS o IX AT B T B0 A& 4 5 (R B AR RS A HE 10 J570), 38 75385 IR A3 K (FF I8
FRAS 1.44 Fio0), #E—DHESIZE A, B EFE 2 .
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3. EHREBRTREERERRAFRAITES
3.1, BEFEBSRODRRESY

LEE PHAROCAR st SR LR I LI S5 . A TR SR BB ATHRFE, AT H I XLIN-3 5178 4 L 26
BEAE AL O, W 1 R,

Figure 1. Energy saving cabinet equipment for photovoltaic power station collection line
B 1. SRR R LR T RERIR &
FR AR BB + AR + PLC BT M — AL A, B4 HERY).
RSN 2R E DR, R 0BRSS WL 1 k.

Table 1. Core technical parameters of XLIN-35 type i energy saving cabinet for collecting lines

%% 1. XLIN-35SIRU SR R BE T geAB A DR S 3

5 T H HARZH
1 LS XLIN-351
2 HE B 40.5 kv
3 e S 50 Hz
4 BE L 630 A
5 — 4% AR AT AEXTHL 95 KV FEESHIC 115 kV
6 & b AHTE] . AT 185 kV; FRESHI O 215 kV
7 ZE L % T T P IR 31.5kA
8 BE EhARE iR 63 kA
9 BUBERAE 7 fr 10 J3iK
10 W E 7 A 30 5k
11 W& SH(W x L x H) 2100 mm x 4300 mm x 3000 mm
12 WA EE 2500 kg
13 FeALTh#E 100 W
14 BATUIRE 290 W
15 BRI AT FE 1200 W (/] &k 20)
16 B4 S gk P54
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MBARSHORE , ZBRAHUE R TS AR 35 kV R SESE. 22 MW AR TR & LA,
HESMRF LSRR FHITWRE ) SIUWTEar, RERSW R ui KR BB AT I 2R, AN, W H
S UFEEAR(EFHL 100 WL 3247 290 W), BREBINAOVIE B8, A4 R MIMRERE, iR TTRERL
RAZ A B S BB -

3.2. WELINEES TIERE

3.2.1. #¥%0IhEE

XLIN-35IRUAE R BE T RBAE AR R T 2RI O ThRE, RS SCIAR AR BRI R REAL . B AL 45

(1) EBFET R 0 R IR . I EE . BIRSE S, BRI /AR R IR . MR
SEE>200 W/m? GEARALAE R 3k L IBHE) H R AR 7E 32~38 kV B[R, A& WAL LR 4t
SR E <50 W/m? (OGARALAE {52 1k K v BRI ) B FR PR S5 (<32 KV B0>40.5 KV, 343 i D) b 23 3 [
TN T ATl

(2) ZARY TR : BB R Im A0 B, A RN G i i R A - E R 3 5] R R e (0
ERTERIESUE R 3 FRAN): B RIRIEE AE NIRRT RE, SHENRE<SCR EamAEEE, &
JE>85% RH W/ JH BN FRiB 3 B, R &SITHEfaE; RN SCREm. dERES M8, REk&S
N Gy %4

3) REWM Gz fe: LR REEFBBER. BE. IR, HNREE, B&ramMRE%ESY, @
it 10 B~} TFT-LCD fili#i 57 A 27~ [9]; B RS485 i@ild% 0, 3 Modbus-RTU W, "% F1E
EHIEES RS, SCPLEFEMTE . P EE A S a0

(4) 2R e SCRP b ERE . R T AR T2 A SR e 2 M, ATIR I IE 4 7 R RS D)
e, WEAFTHUNAERER.,

3.2.2. TEREE

TR R B e SN N R IR (T 35 kV B IE HHZRAE 556 1 A4 IH), HT/EEHELF:

(1) ARASRINPY BL: SeHR AL A R AL /M HRE, HUE IR (PT) HIR FURAR(CT) /3 HRAE 3 [0l
FHE. BIRES, RIBEA RS RERANESE, A E 5 K& 2 PLC 0| T,

(2) ZHFIWBY Bt: PLC MR W VR R MG 5 AT /04T, FIW R A 2 K A i R Ol
HEAREE>200 W/m? HAFSE Smin. HLE 32~38kV), WIHIH G HTE 4 5 AL OGIRERE<S0 W/m? HRR4E
5 min BRI H A 1R 4

(3) PUTH RGP BL: H Al AR PLC 82 5E U & IR ENME, FIRPHSREE S RIEE PLC
SERERG; AHBURR. SR, SESSE BN, PLC LAV R AR HLH], DI BB R IR S

33. BABRERGHAN

3.3.1. BAF R

Rt K BIR FEE ik 5o Jir A B L 2R B S R R ey, AR M 5 5 0 R TE R FL B AR, Y REAER
CHRERT BATE, WE 2R

B 2 JR/RTTREAEAE 35 kV HHERME 558 1| SRR Z MM R E, KFREE. ZREBRIEL LR,
JE SRR AR FEA

(1) [ ERIBH: Pedenin) Ak & U B (22:00~K H 4:00)jiti 1., Wiff 35 kV mEHLHEESE 1 G5EK
[ S ER:, M I H AR, ORI T2 A

(2) FEEIEEEN: 35 kV HEARM RS N1 BEAERS B IO 2 B 1 2% 35 kV 3 15 240
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mm? F LS, R AR S A 1 R, IR RN 1 B ARAR T I L v

(3) ZIRIFIEREN: FREAE A BB EFE N PT (JDZX-35 B, AFEL 35/0.1/0.22kV), ToHE AN AT
R PGS RSl A VA BOR BT R SR R G

@) FEHEERE: H1 TR ES 6 GMLNIRE AERRFFAE, BiiRs %5 BRI 1
71 BEAE R AT SE P AR 5

IR R

LTO1 ###8H#% | Lux

61 ) RGHHPRE
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Figure 2. Energy saving system access plan for collecting power lines

B 2. EHREARTRERRENGTRE

3.3.2. RGBS

M5 REHBEERE, ST ERA BER:

(1) N F LA (EE LR B R I AR B %, ASEmaTH RS, 110 kV JFM R4E. SVG
TIAMERGE . 2k HORY RGUNZER IR, ARSI RA ThaE S5 #4807 s

(2) WEYE ST G I R SRR b, R S 0 S A, At Lk
HE . FHPRIR I oA BB RO, U R T 4 S bR v S P

(3) TRAP I IFEIVE: FTREAE A BRI 4k L ORAr Thie, SRR EENOMEK . BRI 35KV HHZRAE 71
. TERL CWSREAEE] + KRR BIOERFEALE], B R REE X

(4) BIWFEAME: WHEH LR Modbus-RTU Phil 5 2 HOCR s S R G, W HZEZANS
WPr G, AR R G HHT KR NGE .

3.4. EREFGFAIITIESR

3.4.1. RBEEH

FESR AR HL G 3 SR MR BR ISR FH 35 kV 3 i 240 mm? &[S i 4s, it eR eyl [E) im0, ALK
HEL) 22 MW, HE 7 G 3150 kVA FH4F, LB HEH>1000 MQ, /r#1{E<0.005, 3L 35kV R4
BATER . I, JhAE 35 kV O HE T R 08 S A S iz 1, nTi R T AR AR IS S B N S B
AR R, BSOS S S A

3.4.2. ik
SO, R | SERLEE | SRR X ISE TR 2, i 3 R,
ZIX IR A DL TR 3
(1) HARFEL: BEITEEME R A 2100 mm x 4300 mm x 3000 mm, 3 G¥ARM “—FM” B
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1.5 m K ZHE) H RS20 15 m x 8 m, Bl HIARL 20 m x 10 m, 58430 2 24 7 5K

(2) RIS AR TR E 2500 kg, FEAESR AR 7 TR+ 45 (ST 2400 mm x 4600 mm
x 800 mm), I7Hh IR F1>150 kPa, REBEIH A 15 % FLfik K B R

(3) MELEH : s N REE B X, BTG s RS RS, 'A% Ba% n s iR AR O IR i 4L
s SHHEKIL E>3%0, TR LRI ZKIARR, G e 45 52

B2 TR e

i

Figure 3. Construction site condition diagram

3. LAt HE

3.4.3. EIAT{TH

T it T2 AR R A SRR, RS . R SR, BT 30 K, H A4 B
(BESRER B S0E THIZ) 10 R), FUAHE Tl AT R0 an R -

(1) THIZHEE: R FRIN 7 R, B&ELREBERKE 15 X, Wikl 8 K, T
W A S r R v Ve I B R

(2) XFRFHFEMA /N, i T2 B (A A R FEL B (22:00~7 H 4:00)#E47, {5 WiIT s sE i Lk i, H
RIS IEH AT, it TSR SR> <0.5%, S2mRR /)N

(3) Tt T2 A e it T ] T3 380 V I ML R Gi 45| (X &4 SOKVA), V2 FEAlBes. %
HRTE R TR gL, R D) ES M ERIEm B, LHE B,

(4) ZARERINL: i TR RS HAT A5 H - B0 - Bl AR, A& THR AR, Wi TA
FOT R R AR, Bl R IR A

4. BARFRELIE
4.1. ML FREHF

4 B2 i O AR Fi vt £ PR B T RE S TP RO AT K 20 A B D)4 A EROR R BE A S BORAE )
T7 %, ARSI ) XLIN-3517 £ v 25 % 5 REAR 77 58 22 4R REEAT Aty bL, DA™ 2 i ik 77 58 A e
.

4.2. FFELHEE R AT

4.2.1. FREHE
XLIN-35TRAE 2R BRI REME 7 8. B A 87 SN N FLER B, P IR kg . R HUEES . W
MEEA RS, & PLC O iEH| oo i W, S2BlEAE R BN Be s 30 B 5 sh V1. kK i BLE 3)
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i, A& e R SRS D RE
BRI ER: KR R LR A R A B, R s P A AR A AR, AR
OB R R TR AL, Fahi~f B shiz bl - AR RN SWOIT, J8 7 23 BARFE
BRERARROR : WL GAEAHAT R R TI, WE NI S ihisi, wSeIl i A F AR R I
bR, (HFTE R R GG — P B SIS B BRI, B 5 R AR SRS AR K

4.2.2. BUERRZA
XLIN-35IHY4E H 2B R T REAE /7% : 65 MW HLuh 7 3 B4, MXHE 143 T30, WAL B B A2
2.2 JiTL/MW.,

SRR EIR: TR AE A E A 28 . IS B EAS, 65 MW HLEEA T 21 B4
BHIRIG, SRTL 180 Jivt, HALEEUSUE AL 2.77 Tt/ MW,

HREAE R AR G R AMOE S L 8 JiTt, 21 G R 168 Ji 7T, By 25 8 il A 2 2.58
JiT6/ MW,

4.2.3. ATEEM

XLIN-3SIBUEE 2R BRI REAT )7 58 RA B2 888 5 PLC RO sot, HUMERIEA Ay 10 73K,
HUd e A7 dr 30 5k, A&y, &, IRIEE AENEL By, MEEmERIE<0.5s, K H/AER IR
AR 99.5%.

AR rEEh TR S, RS, ARSI S S, B NN
ALK, RZSIRBIMERI R L) 90%, B B [H]>2 s.

BEEAARA: RAMT T REERR, HIKBEERSSG—RE, REGERMENRER, % HILER
WEIR B R, AR MR R A e T REAE T R

4.2.4. TIREH R

XLIN-35IRAE B 2R B AT REM 7 2. AT sl AR Ak FE T BE S 3R 0R1 % 100% 1T, 4EF5T 2 & 50 /5 kWh,
FRERIE 100% (B0 25 HAFE)

SRR 25 H@ 5 & PR, ok e VI T S, LR R 35
Ji kWh, TiREZEZ) 70%.

HHALTHEA: TEREBERGSG L, VT RERAELE, HPafaEy W 86
WA PR, FEILHEEZ 30 /7 kWh, TTHERZ) 60%.

4.3. Lbik&Eip

BT e A &N, XLIN-35IRYAE 2R B T ReAE 7 RAEKUE A WTEME. WRSRE MmN+
HEVIEHEREEGEATEA, HAMFENERARME, TEMERES, Bt TS HIRErNTe
W, FEIR RS GEL. BALEERSE, ERALTW, BRI B REAE4E TR, FEARH
PR,
5. EFYmTHh
5.1. IEME

BT 2015 fie (MBS TR SR H] SiH5ME) [11154 2016 Fe €220 kV K LR H R TREEE %
WS gn S5t EAME) [12], THSEE 143 Hoo, BRI RN 2 fix.

orF O
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Table 2. Investment estimate for intelligent energy-saving cabinet project (Unit: RMB 10,000)
2. HEETRIEMBRBGEEREM: AN

75 T H 448K Bt 44 Lk #E
1 B HE T e AR 1A 2 127.5 89.1% 3 £ XLIN-3SI 4 (F PLC. Hfilids . f4/288)
2 Bk R AR MRS 2 7.6 5.3% AATHERRE A LR HARIR
3 G50 I P 25 B 26 1.8% Wi K . BRI . SRR I
4 TR 53 3.7% FERBSRHT. BOREON . W dE . BEE T
it - 143 100%

5.2. &FMEEIHT
5.2.1. EEUENE

(1) TS S 1IRE R B T B 0.52 J0/kWh, FEFTHILEE = 50 x 10* kWh x 0.52 JC

/kWh =26 J3Jt.

(2) IBHERRATL): UG RTEA A 1.44 370, SO&EERHZE 0.72 71T, F£15%10.72 Jio6: #bEk

R K 50%, XD B 5 JiTt.
FEREBIREE =26+0.72+5=31.72 JiJt.

5.2.2. RANE
(1) FisdeshH: & HE4E .1 o) k0.2 75w, FaEq4ed i 1.3 7t

(2) BN #% 20 FAPAFdr . FEEREIH, RIEZE 5%, FHIEG =143 x (1 -5%)/20

~6.84 JiJG.

5.2.3. W&V
KH CERIE SFEN iE S S5CGE =) A7 55537 -

(1) F3Ia = FoBEENE - Fia4E%H - FrIHA =31.72-1.3-6.84=23.58 Jijt, A%fE

HTIH I 15U 25 24.9 57T
(2) BT RN = BIRE/AERREE (A ESTIH) = 143/24.9 = 5.7 4F;
PTG R = IS ST % 100% = 24.9/143 x 100% = 17.4%;
20 FEBIHFIRE = EHIREE x 20 — BIE =249 x 20— 143 =355 i 7C.

5.2.4. UM

AR e N ORI [ 46 50 A7 2 A8 ) MU 5 Ao lb SR ] 7 B8 7= (B 2 50« R S0 AN Bl it b
] A S AR AN M BB R, AR A A PR  MORHRERIG R BE OB, 25 P 1) N S (L

A BN 5T R BB RN, BRI M A R Ak 3 B, I B BURHTRKURRE T -

Table 3. Project sensitivity analysis table

3. MEHRMES R

AR 2 AL IR R (T 70) FAS B AT B RIS (4F) PR (%)
BT & - 24.9 5.7 17.4
HLAT TR 10% -10% 22.41 6.38 15.6
B B 10% +10% 27.39 522 19.2
TR T FE 10% —-10% 22.41 6.38 15.6
TRkl LT 10% +10% 27.39 5.22 19.2
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5.3. MBI SHT

RIS E PrAe IR Z (IEA) S FE K i) HERC R B[ 13] [14], WHETZ) 50 75 kWh HL &6 N (K358 55 2
ke

FLIFRIE: 50 x 10* kWh x 330 g/lkWh = 165 Mi/4F; Ji/> CO» HEji: 50 x 10*kWh x 0.814 kg/kWh =
407 Wi/ 9> SOx HEil: 50 x 10°kWh x 3.06 g/kWh = 1.53 Ii/4; k> NOx HEjilt: 50 x 10*kWh x 2.664
g/kWh = 1.33 Wli/5E. 20 FAEH G N, RIFATjb CO, AR 8140 Mli, XfHER) X I “XUik” H bRl
HARAIEN

6. B4

eM=A

AL AR BESK 65 MW JGAR SO TREZR B, MIUH T 5. ikl HR TR Stk
LT MR AN A J 22 A 0 5 2 AN R FE RN FE 4 FELZR 6 1 BB AR 1 4% (1 B FH e A7 4, 73 R &5k

(1) PRALRISEAR T SE: FE T XLIN-3SIBUR GBI REAE Y “ 0 RRI&R A - Ay - 2By Rk
W, T SCHAE HLR B R F B S 2R 100% V00T, & /AR R BRI HERA 2 99.5%, i me [ B[]
<0.5s, BARVEREN L TR K,

(2) LARSCEACR R ERRIGR AR, T4 e R 50 /7 kWh, JHBRA& RS R
HER XU, B4 W R A I R) 4 4 75%,  BRAIE T SRBS FX T RE T A7 1 5

(3) AUFHEAGE R M BIH ST 143 Jio0, FABRTHRERWOE 5.7 4, 20 4 RiHElat 355 4
TG, [RIETARIRD COL HE 407 W, SR U SIREE AT Wb JE T, 25 BARFE 12 2 1 b B A rp Ok AR
HL Sl ) AR SCSR, A B) THESAT I AR AR FE TR B AR HEAL .

SEEk
1 EREREE. crh [H RS IR AT ERBEURACKN]. P EI 2 BRI 4, 2025-08-12(003).
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