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Abstract

Due to policy support, low cost and easy applicability, distribution photovoltaic systems (DPVSs)
are increasingly popular among residential community. However, small-scale DPVSs of less than
10 kWp are always installed behind the meter (BTM), without metering the photovoltaic (PV) power
generation separately, which results in the invisible of the PV power generation. Only access of net
load data can result in non-optimal distribution network control and optimization, leading to a se-
ries of energy management problems. In order to solve the aforementioned problems, this paper
proposes a BTM net load disaggregation method focusing on small-scale DPVSs, with only net load
data of residential users in a community, without relying on weather data and models assumption.
Considering that community users’ DPVSs usually exhibit approximate output characteristics, neigh-
boring net load is used to extract PV power generation information as mutual proxies. After ob-
taining approximate PV proxy data by subtracting composite power of inter-users, Maximal Infor-
mation Coefficient (MIC) is performed to obtain final PV power generation disaggregation results.
Testing results show that the proposed method achieves considerable disaggregation accuracy in
the absence of weather data.
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1. 51§

ANTT P AR BRYR 1) S SO PR AL 1) R HES AR Sl A RRL BRIR AR B e ) R i R R B 3R . B
BT, UKS . PR SRRAESN. BRI KSR E 4 BISEEL T 100%. 97%. 93%. 76%F1 62%[1) ]
FRA= REVR [ 1] 4R (Photovoltaic, PV)k FiL % FE BB K B HLRA , LA B AT MK BH 3R A5 K & 1 vl P A %
WERREE, BAE R R S[2]. NSLBDBRA BEhE gy, B arKs /N A 2O Rk i a
(Distributed Photovoltaic Systems, DPVSs)#B 223 T-H -~ R T [3]. R4 2019 =R ARHRE & H.(Solar
Power Europe 2019)iiH4l i, JE ORI A B RLITE 44 GW %2 76.5 GW X [A][4]. SR1M 45 RKH 53 (1)
R TGAR RG22 %% T3 5 Ml (Behind-the-meter, BTM)H[5], H. i T RUA R R, JEAR 223G MA TSR
EIEAEFDGRAKBEMRT, X FEReEE A DG R AR B 2 B T0VE & H E DL S 4k FL R
Pk DL IERA B S L. thAh, FHP BT HE BRRFARI IS, ANEA TR RIEE B4y,
K T B W2 E T T = SERR I ST FERD SRR AR R, MELAEEAT IR RE R B Y R . 2% BT
w, WM H T BTM R4 N H PV KB ER 52 T 08 B X,

HATA KWL BTM RS0~ PV K HL R STk, w4 o o 5 T BB B 1) 40 7 VR R T4
WRIRBNI o R T8 LASCHR[61FI[7] 9 AR ) 3 TR AU S I T ik L R R, 0 PV R HLE 2R
PR PV RS UATSHOR PV IR EHAT SR RN, G S EORHARE A S PV KB E 2 [ B A
AL — S R, — BARE PV RS SEBRIG A —E X PV K HEERIfTHR Z i SR8

TR IR BN 43 A 73 0 BT DL G bl TR BB AN S ERAT SN 2, (RS R T AR
M 5 SR (AR BE AR R IR R BRAE) . 0 0 HE DR Bl (R 7 VA O T e A B R 50 B R A R £ A
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WFESCER[8] T, 3 g B S 4 A B |1 9 (Support Vector Regression, SVR)REE L 43543 fft FH 7 1) PV ¥ 4%
FHAHESE, PV KHEEMNSES R E R AR PV AREM R K R, FeLMGTHIZEIA R
AT FESCHR[O1H, DATERRZR M s v & B 49 1 H - B B SUer S AR B AN PV R B B AR N B MR AIE AR
i, PV R HLE ot B T 1A L T e AR R 3R A

gE LRTR, TV HT F A g 5 i S AR R BEIE R R TR RS 1), ARSI BTM RS0 R 1 fufar 1)
R, ARG R D — RN AR TR R PV K EB AR R THE S . XTI
BBk, HTHES MR EZ R REAE, o TR IR TE, HTHESN MR &
% A BB S A7 T FE B AR A FRLERE

AR B W R B R, A5 B R A S SR 0 S e S R AR S A8 K
SN Tl T 22 (A A 22 %o T M A B A A K AR S ol A7 A S A B O e i, A
R R B 3l 55 ) BE SR R AR, ORI N2 57 A RIS TR) A . 3R S0 2 ASFF BTM YAk
KRR RIIEIRIEHEN . L, ASCERH T — R TEAR KB A 7, RO JE B P 034 47 A 4
PIEHLT, X BTM OGIR A BB HEAT /0, DAAOAE 3R S0 A & m] Ry > 1) 22 il L

2.BTM #REBENBEZENR
2.1 FEREXARRBRTETRE PV RIBY S

BT A TARR B AL B[R] — AL X IR SRR AR AR, WORPRAR S . MRS . Bk, K
FHBE G AR 52 B ) B A7 T AR AR R RE L AU B2 N B, s S AN A XN AN [R] KD ARBR ) PV
RPEMZARTESZEUR, N2 TRIVEEIAR, fERE LAZER. FEAH P ROUR IS #R
AEVERILE PV ACELS, .

RPASEFH P TR AR 4% T DM R e PV ARERSS A1, (H R T F P ¥R A ik =7, e
A SLBREGAR K AR B AE BTM DGR BB il . AR SEPRIDGAR K re B ek 3RkA5, (HH] 7 [H)
FIOGAR A R B ZE B PT RESRAS Y« AR IN HT P B S A B DA Vi AR B A A ARE Y FEAT g, G X X
MR AR, DIRE PR AEEAEE R, BRI R B 2, & T P DR
HRNARAR, TRBROCRKRERNZEE. HRAERES PV KB & ENLIERR, 1t
ERTG ) PV K i ZE IR, MEHX AR H PV AR & RESERl. BAiZ PV K
L B 72 (H M 2Rt T B VE—ANRRER Y PV AREESS £ PV R FLEE 25 IR .

807 8 SO ARSI 2 PV R HE, R —MEX NI n AN, T 0, A i e
R Q) FR:

Ci=D,-Ruien @

NS P 22 TR AR B e T RE AR AR AT BEAEARL, 4 DX R RS FH P (34 970 A 0 T B4R AR RV B 2
HFIER A, SefhAkmE N 0, RIEX(Q) %1, MR E BTN D N0, Bl fimiEFe C 5if e D 7E
BRI AR S . Ay G AR N 1 S AT R AR A F AT SRR, FH P (434 A7 A A AR AR A R PR B A T 4R TR
Q)R-

C! _ Ci,t R
it = Jdent ETnight 2

m

>.Cis

1
meyo

A Tign TR RIANIN L %?%icm B, BT E (TR e e R L, SRR
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T THFEIIEARSE), m ARRA BT B 2] s 2
W& gaios, B i FE P s 2 EmRE)FR.
C/,—Cj,=(D/,=-Dj,)~(P —P )iien jeni<]j (3)

AETFR, K@) HAAA)
ACi},t = ADi;,l - APij,,t (4)

B THEAT T 4070 2R P P B AT A A 5 R, 5() P 0 S FE 22 AD), 7T LA/
7. @) AT S s
AC!

ij,t

Hi T EXChe i, AR B EGL BB B LR BRI S PV R B (8] A i BEAH G E . ATA
MR §AE I ZDE AR B R B2 IR SRR | AT G AL IR SRR

i _APij,,t (5)

Ii,t = Ij,t (6)
BWHF PV ENBF R, BAEEE PV KHEEPIHELLTRA:
P=¢-a-l @)
N e N “URIBFE-PV K& i 250, AR H e 1%, W(6) v 5 A R
Pi’t Pj’,t
——=— (8)
o (04

i i
K o Moy 70 RIARRDT | R PV BN R, 2H | MIALP j RIZEUE ) PV K EZE
AR =P~ P, U SR(8) T B 1 F
Pi,,t = :BijAPij',t %)
p-aifl-a). @ (o)
MA@, PV KHEZMS PV K HEZ WA IR RIS, X HARE TR PV K H
EEMEYS PV KB EZEFIEUM LS. X X()FFR o nIf5:
R A

ijt
QG

(11)

W AR/ AT A AR, %*ﬂﬁ%ﬁ% [ PV B AE t I ZIH) PV KR, WRRASIHEN PV AR,

ij
M PV R HLEL,

O MADMERE T A4 PV K EZEATER PV ARERS: i PV K. [FIFEH, X [F—
FEX N BT, AR 30(4) 2250(11), @ DTECAS [F) R P i S g AT AH R, 7T DR 24N PV R HLE
ZEMH AP AF AR PV ARG ST PV K R

SR, P I BAT S AR B AR, LRI S(4) B S 1 i A 22 1 AD  3E )/ o A
A BN AN E F P IL R AR 134 $aer 228 ACE  BEAT I, A H B RO AR E, LU EX(5).

N?%ﬁn%%FmﬁB,%ﬁ%FW%ﬁ%ﬁﬂﬁ@%myzmeﬂu%%@%myz$@ﬁﬁ
ZEMH ACS o ASCH LUK (R B & % (Maximal Information Coefficient, MIC) M ik t Al i) ACS . MIC
s M T AR B RAROCPER 7772, MIC BUEBRR,  PIANAR & 8] (AR G P R . MIC TS D7V 4N ST
WR[101TiE, BLAEATIRR. 4 C) kX n M B o &, 8 15 ACH AL & i & C) 1
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MIC %, EFEIHF MIC R EEKI Frxt B ACH AN GIE M PV BRSSPV KL E . ln(12)
B o

R, =argmaxMIC(C; ,AC; ) (12)

1]
WAR I, B VAR BRI RS fu i C) MR R FIRE =i AC) BN B Sl & C) it
HOPV R HE B AR S % 1 PV R EEA R, W ACE Rl A S R R 1 g T AR 2

ﬁ ADy RIS, U A 2248 AC , Fir S BLH A i 2 TR 2K SR 00 T B i & C P PV R
B, 2o, HSEm PV AR, S E I IR .

22. FARXERARMETRA PV ABEE

NETFoR, Fifk s et PV AELESE S PV KBS REIR N AR, o t1aRQ) %, HI i &4
JBUR [ PV R R B AT EACEESS S PV R LR AP, SRELEH R 8 g A, na(13) s

=BAR;ien (13)
STFRA)PHRE B, FFEAT LB MIC BT S 4808 F 345, an(14)FiR.
R, =argmin MIC(C/, + BAR,AR) (14)

AR 2R (L) 38 S ST RE S R R R R SC R T, Uk C + BAR W R RIER R HL B T
T P S RE(E . AR FRvERE, R4, RAERE MIC S/ R B . XERAFE
TR P S W REME C + B AR, RER AT REA L& e iR R fi A5 S AR, mﬂﬂﬂﬁ%‘zfﬁﬂ E’J*H?‘%Téﬁ?i
Mo WEFHRACSEL B BN THUEA B i » BKRITIUEA B o » KN Aﬂ M 77 L3RS
EMEB&/J\ETE’J BAE, BN R AL

B, R i PV RHEE SRR B SRS PV R B P, RHE Q)M R4k .
K (15)HR.

T-U)

i (15)

BIH

FHRALIX 7 PV R MR FIE A D AS I :

ik BTM RETHXHP PV M EEE

KX S n A & B IR C, T en
S KRR R R R P,

for i=1:n do
PRI B E S C AR E (2)EAT 4RI LIRS C .
end for

SR LR R85 C, = D C

i=l

A @ bR

for i=1:n do

for j=i+1:n do

WU (B)~B)TH ™ i M j Z I8 5 g 2248 ACY,
T Cr, FIACE, Z Il ok fs B R B MIC(Cr,, ACT ) -

endfor
0: endfor
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11 iR#E(12)3K15 R, BURCKIER 1 AC, -

12: for ﬁk :ﬂk‘min :Aﬁk :ﬂk.max dO

130 HHELCy, + BAP I AP Z A f15 K A% B R MIC(C,, + BAR,AP) .
14: endfor

15: R (14)3/48 R, BUR/MEN F R REL B, -

160 MRAER(13) i B, = BAP, .

17 KRR (L5) R AT P, LLIRA IR S st 4 R L5 SR P,

BE R, .

3. BHIs#h
3.1 BEERITNIER

NEEFTEE BTM R40 R 6AR K f & 7 S G 24, SRH 1 #H Pecan Street Dataport #2135 [
78 T % T BTV T LA AL N B R R R BOE AT 07 B [11] . S B AL BR f5 , BV T A 4
WA TI 24 AN FRAS, HERTN 2018 £ 1 A 1 H#A 2018 4 12 A 31 H. R B a s Tt
18 MNERM T, THENIAA 2019 £ 1 A 5 HZ 2019 4 10 A 31 H. MALEIEKREESRR L VA 15 4>
B 1 AN R ASSCBH A By 06:30 £ 17:30.

I3 R4k B FH 18 5 MR 4% 22 (Root Mean Square Error, RMSE) #1284k % % (Coefficient of Variation, CV){E
RS EEVE FERR . RMSE AT CV (it =040

RMSE = %:zl(ét ,t) (16)
1N g(édt_Pld,t)z
=NZ T (17)
T 2R

—

-1

Rebt, B, FIP, CAVRINT AMIZSI R, . d FoR AW

3.2. HXNA PR KB EBEX S

BT e AR R v e By o] S B S A 7 A X NS TR 6 AR 1B 4% 1 PV R H it il 2R PR T 252 1BA)
R AR 112 B , 4 FH Bz JR 30 FH 5% 22 i (Pearson Correlation Coefficient, PPC)K Ak A [\ F F7 ] 6 Ak &
L R 2R AR OGP [12] . 1) 1 RN 2 LA BRI 72, R 7 B YT T A P AR S R S5 L 1 PPC.
BN I P s . PPC IIBMEVE A1 31 1, PPC HUEMEEL T 1, UHIMARERIFIE
A R

M LRI 2 el DUE W, AR P (AR L E AR A R R A DG, PPC BB S AR
0.9, Kl 1AIE 2 B EERIXEFRRZH P IR 2R, FUE PV 2SN E o v 0. HRIEE
HRT AR SME T R, A X A R EAR B4 ) PV fEL B 2R (O TR S R AR AR — (BB A B B A

Pecan Street Dataport $2 L - Hdade b, FERER P R4 T FH— XA 1. XBE—ERE L
S R PV R R R Do . B RN A P B e A B B LR, e R — R,
MRRB S S, X5 E AR RIEFTE PV KBRSt
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Figure 1. Pearson correlation coefficient matrix for customer PV
generation in Austin
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Figure 2. Pearson correlation coefficient matrix for customer PV
generation in Ithaca

2. RiERBRAFPARELBER/REEX R HEMR

3.3. FiR PV S RE LM EE T

TEARTTH, BT PV 73l S04 5 SR [6T RN [L1] 52t 1R o0 R 9230 AT 0 AR FE X L o R BRI I 42
SCHR[6]22: T e AR EASE BUE B (1 /i SR O TR, T RR 97532 1) FHSCHR 13125 T 5 Ik 3h 1) o 53k
A, NARCATTIE 2) 78 BRI H0 7 B R R AR IR AR B SN AR . A R, TR BV A R &
BT I T BEAL X AR [RI B P () S mr 25, B OR M BRI T 509 PR A 5 SR EUAS A i 1) 5 B
RIFMME . T73% 1 759 2 BERRT F B 00 S8R Kk B T-3% B K PH AR 5 4008 122 (National Solar Radiation
Database, NSRDB) [14].
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NI TR AR PV R R MR R, DAB T Hia g LU AR S R B R SR T i 2 5 7 i,
BEAT RSN 42 L AR 2 o 1 2 S ANF] PV R R MR SE T, 4R A9 H T2 RMSE A1 CV.

Table 1. Daily RMSE and CV of various disaggregation methods of user #2 in Austin, Texas of a whole year
F 1. BEUTH 2 SAPEARR PV A ESREET2F/ BT RMSE #1 CV

R ikl Fik 2 FriRH%
RMSE (KW) 0.550 0.543 0.540
CV (%) 8.537 7.870 8.235

Table 2. Daily RMSE and CV of various disaggregation methods of user #2 in Ithaca, New York of a whole year
2. FiEFRR 2 SAPEARE PV B ENHREZET2FEMHFY RMSE 1 CV

VA FE AR Jik L Jrik 2 Frig %
RMSE (kW) 1.006 0.926 1.070
CV (%) 7.434 6.939 9.556

M LA 2 AT, =S R AL R L, TR R A A BT T T e U
TGP RMSE 73R4 R, (HEAORUE=FINEN AR EZ AR (B, P SE ] IAEAMKAST
P PR A B A PS8 AR P 00 (i 0 R RAG 55 S R AL I 4 2R, X AESEBR AT R BAT BRI %S
JrHTAE 3 TN, FEBRRE R B R gE D, PR Rk A R = T AR AT 2. Hrh SR AT RE R AL
Hea e (i Jm RO BB T Bm e b, TR vl A 3 B BAT AU W AR AT I P, (BB SRR AR A
AR FH P B & A RAME BRI 75K R, CV AU 9.556% 2 Al LAEZ . 18] 3 FIlEl 4 Jgom T 2 S HI
FEANF PV KBRS T — 1) PV K REMRSER

— FRAEE  — FE1 F3352
/\4—
=
i ‘ | /\
=2
0 4 \‘ Y \
0 50 100 150 200 300 350 550 600 650

LRI (15%4:)

Figure 3. Disaggregation results for one week for customer #2 in Austin of various PV generation disaggregation methods
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Figure 4. Disaggregation results for one week for customer #2 in Ithaca of various PV generation disaggregation methods

E 4. M PV ARREENRGETRIERS 2 SHP—ANDRE

DOI: 10.12677/sg.2022.122007 63 BHE L


https://doi.org/10.12677/sg.2022.122007

WAL, S

HIEl 3 FIE 4 ATRAE L B Reom G AR FEL B 0 R 8 SRR B0 AN T P /N R A 30K BB
R LS e AR B e A 2 I BRI A S . J77% 1 FIJ7VE 2 169 PV R FLE M i I BARBOR B 2>
SIS, XA ORI IR R T A A B B B A N B AT O IR R B A A ) o AR R
FEXHE 2 BT NSRDB Tl < Gt i 4 6 I ORGP A, — SRR RO TE Rl sty , - DRt b
ML E A APIRDL . (HIE2 AN RSB S SR 0 AT ) PV KBt S A —2, SEUMES
GHAR TR FSR A 7 g 7 FTAE s B RARDL, I TSR 22 . PR Sl T AN T4k
PEARGEAR, DRI AT S BCSR S A 3 R T B Se e IR RS DL, RS SRt 2 5 R SE B
HAEZHEH, HRERMOGIR K 2RI F 183 B B 52 8 iS5 K 3R T 3 B0 e 2 sh 16 i«

3.4. PV R BB S fRIHRISCIE

Bt rh iR R A P B2 TR AN — AN EE S WEIS EoRUL, A DR RBGEOR, A
FREVLEC B AL AT IR, BRE I PV R B A RO 2 T v U] LI HEWT (1 5 BE L,
AFTHAT T PV R BRI, T EAN R DR UL R (70 il 45 R AR

ARSI R AT i R P B, SERXS AAROy 2 SR, A R BE LA O 30, e
GHARE R IABE P, TR P S B 8. 164 24 1) 3 METEELE. K 3 RN TR H P HE
AEREIEET, 2 SRR fias

Table 3. Disaggregation results for user #2 under different data sets with different number of users

3. APHEFARNKIEET 2 SHPNSBER

\ B HIEETH P E
RAE{L
8 16 24
RMSE (kW) 0.766 0.658 0.540
CV (%) 12.334 8.936 8.235

NI 3ATHL, MR H R T, PV RKHEEN RMSE M CV M2 380, B PV K H &)
FRFERE N . HEdREHH BN EBIEN =02 —, PV K HEK RMSE H 0.540 kW - F+% T 0.766
kKW, CV H 8.235% -4 1 12.334%. & Bk LT B (0 DR T ke g, B A 258 4 b B P B2 T %,
A VGG ) B A ) A AR BUR B AT NI P, AT RE L& BT L B JE SR S R AR VT e &6 31« DR,
PR B AT B I R B, v B A S AR T Re 2 A RS, IR AT RECRIEFT A H
FAAE T [F] — 4 X PN B R — TRk R

4, 4Eig

A —F BTM REG T PV K BEESHAR, ZEAR B KRBT BB TAE 4N E
SEEE, DUERAE XA AR RS S AR T DL T, SEBLT N PV RBE R RO BURA AN
PERE R, TR PV R R MR RE B AT B I SRR A o 38 35 P S [ i i B YT
AR Z N B By O IR B AT B, SRR, 5 O R A A R B ) 2 T ) B R R
B ANIE T HAR IR M R LL, RSO PV KRR MENEE T DIBEREF R T, 13R T
B o rEae, 5HARWR S BEIRNRREUREGL. RN, W RAT S AR FE RS B
TMERSIE, BB R RS AR TR T i EdE S, IR AT RECRAE T A A A T A — A X P B[] — 15t
HT.
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