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Total Supply Capability Curve and Total Accommodation Capability Curve of
Active Distribution Network
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Abstract: This paper proposes total supply capability curve (TSC curve) and total accommodation capability curve (TAC
curve), which can completely evaluate the capability of active distribution network (ADN) under various loads and dis-
tributed generation (DG) distributions, and guide the further exploitation of system potential. Firstly, the security region,
security boundary and TSC curve of passive distribution network are introduced. Secondly, the DC power flow model of
ADN security region is given. ADN has load growth and load reduction criticality, as well as DG growth and DG reduc-
tion criticality. Furthurmore, the upper/lower load boundary and the upper/lower DG boundary are defined. Aiming at the
shortcomings of DC power flow model, the voltage verification and correction method of boundary points is given. Then,
the models of TSC curves and TAC curves are established. The upper TSC curve describes the capability range of ADN to
supply load, that is, the TSC curve of passive network. The lower TSC curve describes the load needed for the priority of
DG accommodation. The upper TAC curve describes the capability range of ADN to accommodate DG; the lower TSC
curve describes the DG needed for the priority of load supply. Finally, a simple case and IEEE 33-node test system are
used to verify the concepts and models. It is found that the TSC and TAC curves are not completely symmetrical, and
their duality principle is revealed in this paper. Compared with the existing calculation methods of accommodation capac-
ity, the application values of curves are shown.

Key words: active distribution network; the upper/lower load boundary; the upper/lower DG boundary; total supply ca-

pability curve; total accommodation capability curve; duality
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Fig.D1 Distribution network structure for calculating

approximate voltage deviation
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Table E1 TSC/TAC curves and indices of active distribution network
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5) FRR 2 K g Re
G"ITAC,max = min(VWDGl )

_ WLi DG~
st. W, = |:WDG1‘:| e,

6) TR MZ i/ NHEYRE
Gracmin =max(Vy, )
W, DG
st.W.=| I 1eQ
i |:WDGi:| st

T 1R RF AR
#Fl

voltage offset

(ED)

(E2)
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Upper load boundary points and maximum

) RKHE
WHAE Supa. Sio/pu. Spei/pu. Spca/pu. Vi, Ao P
wh 0 0.98 0 0 0.98 —5.24/1,
/%3 0 1.00 0 —-0.02 1.00 —5.25/L,
/&) 0.02 0.96 0 0 0.98 =5.17/L,
Wa 0.02 0.98 0 —-0.02 1.00 =5.17/L
Ws 0.02 098 -0.02 0 1.00 =5.21/L,
W43 1.00 1.00 -0.92 —-0.10 2.00 —3.40/L,
Waazaa  1.00 1.00 -0.94 —0.08 2.00 —3.44/1,
Waarss  1.00 1.00 -0.96 —-0.06 2.00 -347/L,
Waazas  1.00 1.00 -0.98 —-0.04 2.00 =3.51/L,
Waarar  1.00 1.00 -1.00 —-0.02 2.00 —3.54/L,

RF2 g RS m S i K IR (i

Table F2 Lower load boundary points and maximum

voltage offset

. K HLE
B S Supu. Sw/pu. Spci/pu. Spelpu. Vw, pau. RS
/41 0 0 0 —-0.02 0 0.14/DG>
W> 0 0 0 —-0.04 0 0.28/DG»
W3 0 0 0 —-0.06 0 0.42/DG>
W4 0 0 0 —0.08 0 0.56/DG>
Ws 0 0 0 —-0.10 0 0.70/DG>
Wasas 0 0.96 -0.98 -0.96 0.96 4.97/DG>
Wasae 0 0.96 -1.00 -0.94 0.96 4.90/DG>
Wasaz 0 0.98 -0.98 -0.98 0.98 5.01/DG>
Wasas 0 0.98 -1.00 -0.96 0.98 4.94/DG>
Wasag 0 1.00 -1.00 -0.98 1.00 4.97/DG>

K F3 DG FRRIL S S A K S w2
Table F3  Upper DG boundary points and maximum

voltage offset

. RKHE
MRS Supu. Swpu. Spba/pu. Spberpu. Vi, pau (RS A
/4 0 0 0 —0.98 —0.98 6.83/DG2
/%3 0 0 —0.02 —0.96 —0.98 6.76/DG2
W3 0 0 —0.04 —0.94 —0.98 6.69/DG2
Wy 0 0 —0.06 —0.92 —0.98 6.62/DG2
Ws 0 0 —0.08 —0.90 —0.98 6.55/DG2
Wesn 1.00 0.96 —0.98 —0.96 —1.94 3.19/DG:
Weis72 1.00 0.96 —1.00 —0.94 —1.94 3.12/DG;
Weis73 1.00 0.98 —0.98 —0.98 -1.96 3.22/DG;
Weis74 1.00 0.98 —1.00 —0.96 -1.96 3.15/DG>
Weis75 1.00 1.00 —1.00 —0.98 -1.98 3.18/DG>
F F4 DG NG s S B oK i e i 2
Table F4 Lower DG boundary points and maximum voltage
offset
. RKHEE
BFEE Supu. Swpu. Sbaipu. Spca/pu. Vi, Apau. (RS
/4 0 0.02 0 0 0 —0.11/L
W 0 0.04 0 0 0 —0.21/L>
/4] 0 0.06 0 0 0 —0.32/L>
Wy 0 0.08 0 0 0 —0.43/L>
Ws 0 0.10 0 0 0 —0.54/L>
Waseer  1.00 1.00 -092  -0.10 —-1.02 —3.40/L>
Wasoes  1.00 1.00 -094  —0.08 —-1.02 —3.44/L,
Wasoso  1.00 1.00 -096  —0.06 —-1.02 -3.47/Ls
Wasero  1.00 1.00 -098  —0.04 —-1.02 -3.51/La
Wason 1.00 1.00 -1.00  —0.02 —-1.02 —3.54/L,
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Table I1 Load data of operating point

TPy 11 1rf /kW+k Var B 11477/ kW-+k Var
0 0 17 90+j40

1 100+j60 18 90+j40
2 90+40 19 90+j40
3 120+j80 20 90+j40
4 60+j30 21 90+j40
5 60+j20 2 90+50
6 200+j100 23 4204200
7 200+j100 24 4204200
8 60+j20 25 60+25
9 60+j20 26 60+25
10 45430 27 60+20
11 60+j35 28 120470
12 60+j35 29 200+j600
13 120+j80 30 150470
14 60+j10 31 210+j100
15 60+j20 32 60+j40
16 60+j20

XA b PR S R EAT H ARG, A LR ORI A R AR 12, AN 2 F R A PRI B s LR 13
T2 LR AR T RIS

Table I2 The points of upper load boundary with meeting voltage constraint

L 9st SL/MVA  Si/MVA  Sia/MVA SpGi/MVA Spc2/MVA SpGy/MVA Vv, MVA KRR A Yo/ ¥ R
i 0 35 9.0 0 0 25 12.5 ~6.98/30
W, 0 35 9.5 0 0 -3.0 13.0 ~6.88/30
Ws 0 35 10.0 0 0 -35 13.5 —6.77/30
A 0 4.0 7.5 0 0 -15 11.5 —6.93/31
Ws 0 4.0 8.0 0 0 2.0 12.0 —6.81/30

Wrasoso 10.0 10.0 10.0 -10.0 -6.0 -4.0 30.0 ~3.49/29

Wassos1 10.0 10.0 10.0 -10.0 -6.5 -35 30.0 -3.77/30

Wrasos 10.0 10.0 10.0 -10.0 -7.0 -3.0 30.0 4.56/17

Wrasoss 10.0 10.0 10.0 -10.0 -75 25 30.0 5.45/17

Wrasosa 10.0 10.0 10.0 -10.0 -8.0 2.0 30.0 6.34/17

RI3 ANl 2 AU AR g LRI 5 R

Table I3 The points of upper load boundary without meeting voltage constraint

BUE =Y SLI/MVA SLo/MVA SL3/MVA SpGI/MVA Sba2/MVA Spaa/MVA Vi, MVA IR (7 A ZTR RS

4 0 0 10.0 0 0 0 10.0 -9.63/32

W 0 0.5 9.5 0 0 0 10.0 -9.34/32

W 0 0.5 10.0 0 0 -0.5 105 -9.22/32

Wi 0 0.5 10.0 0 -0.5 0 105 -9.62/32

Ws 0 0.5 10.0 0.5 0 0 105 -9.06/32
Wa20797 10.0 10.0 10.0 -10.0 -0.5 -9.5 30.0 -7.06/17
Wazor9s 10.0 10.0 10.0 -10.0 -85 -1.5 30.0 7.24/17
Wa20799 10.0 10.0 10.0 -10.0 -9.0 -1.0 30.0 8.13/17
Wa20800 10.0 10.0 10.0 -10.0 -9.5 -0.5 30.0 9.01/17

W220801 10.0 10.0 10.0 -10.0 —-10.0 0 30.0 9.91/17
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Table 14 The points of lower load boundary with meeting voltage constraint

b3t SLi/MVA Sto/MVA Sta/MVA Spci/MVA Spc/MVA Spcy/MVA Vi, MVA B K FL S AR % %0/ 15 1
14} 0 0 0 0 0 -0.5 0 0.65/32
/) 0 0 0 0 0 -1.0 0 1.30/32
Ws 0 0 0 0 0 -1.5 0 2.00/32
W4 0 0 0 0 0 2.0 0 2.61/32
Ws 0 0 0 0 0 2.5 0 3.26/32

Waogs 0 6.5 2.0 -10.0 —4.0 —4.5 8.5 6.94/32
Wa9se 0 7.0 0 -10.0 —4.0 -3.0 7.0 6.71/32
Waog7 0 7.0 0.5 -10.0 —4.0 -3.5 7.5 6.88/32
Waoss 0 7.5 0 -10.0 —4.5 -3.0 7.5 6.72/17
Wa9g9 0 7.5 0.5 -10.0 —4.5 -3.5 8.0 6.88/32

RIS ANl 2 U LRI g T RIS R

Table I5 The points of lower load boundary without meeting voltage constraint

pul ey SLi/MVA S12/MVA S13/MVA SpGI/MVA Spa2/MVA Spa/MVA Vi, MVA R LR AR RS Yo/ 15 R
4 0 0 0 0 0 -5.5 0 7.17/32
W 0 0 0 0 0 -6.0 0 7.82/32
W 0 0 0 0 0 -6.5 0 8.47/32
Wi 0 0 0 0 0 -7.0 0 9.12/32
Ws 0 0 0 0 0 -8.5 0 9.77/32

Wooo2z 0 10.0 9.0 -10.0 -10.0 -9.0 19.0 14.87/17
Woooas 0 10.0 9.5 -9.5 -10.0 -10.0 19.5 14.87/17
Wooo24 0 10.0 9.5 -10.0 -9.5 -10.0 19.5 13.98/17
Wooo2s 0 10.0 9.5 -10.0 -10.0 -9.5 19.5 14.87/17
Woooze 0 10.0 10.0 -10.0 -10.0 -10.0 20.0 14.88/17

Xt DG b FRIA T AT AR, 6 AL F R AR AIA S i LR 16, AN 2 FRR LR IA Fr i AR 17
F16 i LREARN DG _EIRIAT A

Table 16  The points of upper DG boundary with meeting voltage constraint

pul S SLi/MVA St/ MVA St3/MVA SpciI/MVA Spc2/MVA Spa3/MVA VWm, /MVA 50 K R AR RS Yo/ i 5
/4] 0 0 0 =55 -1.5 -3.0 -10.0 6.70/32
W 0 0 0 6.0 -1.0 -3.0 -10.0 6.70/32
W3 0 0 0 6.0 -1.5 -2.5 -10.0 6.66/17
Wi 0 0 0 —6.5 -0.5 -3.0 -10.0 6.70/32
Ws 0 0 0 —6.5 -1.0 -2.5 -10.0 6.24/32

Wss198 10.0 9.5 0.5 -10.0 =55 —4.5 -20.0 6.80/32
Wss199 10.0 9.5 1.0 -10.0 =55 -5.0 -20.5 6.97/32
Wsssoo 10.0 10.0 0 -10.0 —6.0 -4.0 -20.0 6.65/17
Wssson 10.0 10.0 0.5 -10.0 —6.0 —4.5 -20.5 6.80/32
Wssso2 10.0 10.0 1.0 -10.0 —6.0 -5.0 -21.0 6.97/32

RI1T A2 HEIEZIRI) DG LRI A
Table I7 The points of upper DG boundary without meeting voltage constraint

SR 9= SLi/MVA St2/MVA St3/MVA SpcI/MVA Spc/MVA Spas/MVA Vv, MVA I R HL R A Yo/ 5 1
4 0 0 0 0 0 —-10.0 —-10.0 13.03/32
W 0 0 0 0 —-0.5 -9.5 —-10.0 12.58/32
w3 0 0 0 0 -1.0 -9.0 —-10.0 12.13/32
Wi 0 0 0 0 -1.5 -8.5 —-10.0 11.67/32




w17

SUE g SLi/MVA St2/MVA St3/MVA Spci/MVA Spc/MVA Spas/MVA Vv, /MVA I R HL R A Yo/ 5
Ws 0 0 0 0 -2.0 —8.0 —-10.0 11.22/32
Wis3si00 10.0 10.0 9.0 —-10.0 —-10.0 -9.0 -29.0 13.89/17
Wisssion 10.0 10.0 9.5 -9.5 —-10.0 —-10.0 -29.5 13.89/17
Wis3si02 10.0 10.0 9.5 —-10.0 -9.5 —-10.0 -29.5 13.00/17
Wis3si03 10.0 10.0 9.5 —-10.0 —-10.0 -9.5 -29.5 13.89/17
Wis3si0a 10.0 10.0 10.0 —-10.0 —-10.0 —-10.0 —-30.0 13.89/17

X DG N FRIZ S rGEAT RIS, 952 HUR LR AL T ULAR 18, AN 2 HLURZR AL 7 r AR 19
FI8 i LHREARIN DG R IIL A

Table I8  The points of lower DG boundary with meeting voltage constraint

U =) S11/MVA S12/MVA Sta/MVA SpGI/MVA Spa2/MVA Sbas/MVA V... MVA 5 K HL A S Yo/ 4
Wi 0 0 0.5 0 0 0 0 —0.48/32
W, 0 0 1.0 0 0 0 0 —0.96/32
W, 0 0 1.5 0 0 0 0 —1.44/32
W 0 0 2.0 0 0 0 0 -1.92/32
Ws 0 0 25 0 0 0 0 -2.41/32

W91 10.0 10.0 10.0 -10.0 -6.0 -4.0 -20.0 —3.49/29

Wm0 10.0 10.0 10.0 -10.0 -6.5 35 -20.0 -3.77/30

Wraz293 10.0 10.0 10.0 -10.0 -7.0 -3.0 -20.0 4.56/17

Wrar204 10.0 10.0 10.0 -10.0 -75 25 -20.0 5.45/17

Wra7295 10.0 10.0 10.0 -10.0 -8.0 2.0 -20.0 6.34/17

RI19 AN EHRELREK DG R FRIZF A

Table I9 The points of lower DG boundary without meeting voltage constraint

WAEE SWMVA  SwMVA  SMVA  Sba/MVA  Sba@MVA  Spa/MVA Vi, /MVA B IR R RS %%/ A

Wi 0 0 75 0 0 0 0 ~7.21/32

W 0 0 8.0 0 0 0 0 ~7.70/32

W 0 0 8.5 0 0 0 0 -8.18/32

Wi 0 0 9.0 0 0 0 0 ~8.66/32

Ws 0 0 9.5 0 0 0 0 —9.14/32
Wazoors 10.0 10.0 10.0 ~10.0 0.5 95 -20.0 ~7.06/17
Wazo7s 10.0 10.0 10.0 ~10.0 -85 -15 -20.0 7.24/17
Wazgor7 10.0 10.0 10.0 ~10.0 9.0 -1.0 -20.0 8.13/17
Wazors 10.0 10.0 10.0 ~10.0 95 -0.5 -20.0 9.01/17

Wa220979 10.0 10.0 10.0 -10.0 —-10.0 0 —20.0 9.91/17
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