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Analysis of power quality issues and quantitative evaluation of additional losses in low

voltage distribution networks connected to household photovoltaics
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Abstract: Quantitative analysis of additional losses in low-voltage distribution networks is one of the necessary ways to
achieve energy conservation and loss reduction in power systems, in response to the serious increase in additional losses
caused by the disorderly access of household photovoltaics. This paper focuses on the quantitative relationship between
the additional losses of household photovoltaic power generation and distribution lines after being connected to the
power grid. Firstly, a theoretical analysis is conducted on the changes in characterization of additional losses for
household photovoltaic (PV) access. An equivalent circuit and mathematical model are established for active low-
voltage distribution networks with three-phase four-wire systems. Secondly, the study investigates the disturbance of
multiple types of power quality under different capacities and phase sequences of household PV and establishes a
composite power quality disturbance additional loss model. Finally, based on the typical daily PV power output curve
and additional loss model, the accuracy of the proposed quantification evaluation method for household PV's additional
losses in distribution networks is analyzed and verified through case studies.

Key words: residential single-phase photovoltaic; low-voltage distribution network; power quality issues; additional

losses; long-time scale

%% A #7:2023-12-07 ;18 [E] H #1:2024-03-19

BB FH &0 WA RA R H (5400-202318203A-1-1-ZN)

BEMEE 4 F1982—), 5 W+ 2 AR, EENFRIE B REREE I S0 AR R G SRS AR TR S
B 5 45 1 55 7 1 A AIF 5T 5 E-mail : yongli@hnu.edu.cn



178 I <

15

Eid =S 3 2024 4E5 A

T AF R, Hh [ A OB E IR R A S B T
B, DR HG R ) R BE BIL P 3 2 e ]
A B Ty #3878 i g B9 A 2 R L, 23 76 T5C R )RR AR
JE A FRE A R R, A9 M A | AR A LR
J i 2 S5, 5 By 4% i H B O () AT 7 A Y T
FL o0 B 5 FE S SR . R, 7R P DB IR EEA
R s 15 PR IO 9 T 5% T 46 75 L RE Jo S (R X R o 4
FE B4 5 i AL B A 15 FE TS R B 0T 5 TE R 0 e
e 451 45 Oy T AT 45 5 5

FIRU 76 A TR I F 0 F) R BB o i ) A HG ™ A
PUAE B R e ML BRI 5 07 T, B A5 6 IR 45 o A 5X
HL 4 A ] 5 ek B e A X v TR T H T 22
HL R 5T A5 W 5 BB RE > BT A5 5 A A
TECR A H D R T B AR R, SCHR L6 4 & OF
S 3 A A PR AR TR TC R 0 v Y 5 S Y e e S
P 22 5 B U H 00 5 491 46 i, 7 1 AR Rk A X
FLUR A9 45 AT D5 AR G 09 A T R 3 O o A A
AIVE I OG5 SCHR L7 JBE X AR M R 51 A G /Y TC
P 341 3 72 e D, DA T 8% 50 A i I8 I 7 T R B
B FL TS i 22 4 A D5 T BIE 5 E P 0 A OB AR S X
Pic P 19 £ 52 00 5 AR 75 20 A3 SOE AR A U5 S AR T v
P 454 A 5 SCRR [ 8 T 2R FH AT 4 ol A 31 5307 1%
A 2% T 0 HE T i 22 5 T R T A R Y S BB
FAE s SCHR L9 T S 7 2 # AD0 AR I M & DX A 7 e
P A Y, PR CAR AN ) A 2 i B e A B 5 G F
o P, i 22 B 19 458 64 58 W) 5 SCRIR [ 10 ] B v 1 i 5
AR T E HL 1) AR A 4R BAR , 23 A i 0 72 T 4%
SR ML L B A 2 M LR 4R 1O SO R R
F14 TE P 100 5 R T SRR Y 5 SRR [ 11 DA T v IR0 458 4 32
3 2 1 RE ARG 5 AT AZ 40 RE , Ol A ST e L IR 4
TR AR AT LI g, S B L BE LB T Y
PiC FE 19 453 6 1) AR P A

gi BRIk, FORT R [E AAETE 2 N B — HL e
b8/ PO R SRV N T EGE SR A TP N0 8 T
BER S A b A T N N U T i DAV
f4 30 BRIt 7 T SRTID L AR SE PRIE AT R AT X
[vi) bof A, 5 955 9 Wy A2 | = A AN S LA R f s A 22 Y
HLRE BT AP 2 T HL BRSO A RE 9 2R S AL AT
FER o P, A SCTE Z i S T JC L RE R T
YU A AR T P 0 AR A A5 0 A B Rh R A 5 R
AE 5T A 51 R 110 B FE B B SR AR L AR T 0
o AR e AR T TE L 0 T 4 52 5 v BE B B A o 451 R
B SR R T HDBAR B AN A F A4 4 R [l
A Y 52 A RE T 3l )™ A A B 5 FE 15

FOROR 38 o 5 B A B9 E , BT P DB AR E
AT B T R % L BE TR L 2l 7 AR B A A
14 52 Wi AL

1 &3EAH =18 M2 6K E &K B K
HY BT in 45 FE A B

11 57t R\ B 16 FE B Fi D B A3 56 3 47
TE 15 G B L B+, L) S 335 T HRL B 704 54 A
5 T 4R B9 S L ESh 3, L P 5 Qu R A i
O AT 3H 30 3¢ 5 0 3 3 % 06 FRE R A L R U B Y
B T AT 18 900 AP 000 6777 1 26T L 38 T W
_S_rtie o
94 (6 R i Fb 00 45 A6 B PR P 000 507 24k T
R 7 LT 25 000 e, AT 2 e T M 2 2 B b 1 4% 49 4
PP 268, MG FRF B G R 332 AR 5 4 P S O 2 5
T 2200 AR T T A A S RO AR 5 46
IR B HL 5L AR AS O
RT(;(P[;j QU) (2)
PP 6 AR 306 T PR P 6 O L 4680 v U
3 1 M B2 B 5 v 2 T B 4 T K 1
TR S EURE IR 3 AT B U A B 3R R
. 1
Mﬂzﬁﬂﬁaxﬂ+mmmﬂ

_j[Qp\',Nl( 1) = Qioaa.nl f):|}

L

AS =

(3)

s, 1(2) AR TR TE R I AE ¢ I %0 B0 2% % R U
Poon(2) Proaa.n(£) 5350 Ky ¢ W5 Z0 () BAAR DG AR 5 P il
s B9 A DT 5 Quen () Quona () 53 1) Ry £ 5 2] 1) F
FGAR 5 P M Ao (1 JE T B 35 U A6 R 45 A 1
WU LR LR AE s m o a b Il e A A AR T

BUS,
a

BUS,

1 AR RAKER R A 70 b %5 A
Figure 1 Equivalent model of user side circuit in single

phase photovoltaic low voltage distribution network
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Figure 2 Typical wiring diagram of three-phase four-wire

distribution system
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photovoltaic grid connection
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photovoltaic low-voltage distribution network
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