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A new static voltage stability index of a radial distribution system is proposed to faithfully evaluate the
severity of the loading situation, thereby predicting for voltage instability at definite load value. The pro-
posed index includes different parameters which affect the steady-state voltage stability of distribution
systems, therefore it gives accurate results. The maximum value of 1 of that index denotes the point
where the system reaches the point of collapse whereas a minimum value of 0 shows the state of no
load. The performance of the new index was tested on two radial distribution systems consisting of 33
istribution systems
oltage stability
tability boundary
oltage collapse

and 85 buses. Comparison between the results of the new index and those of previous indices showed
that the new index yielded reliable results in predicting voltage stability condition of the system. The
new index overcomes the problem which faces many previous indices especially as the load approaches
the critical point. Analysis of the two-bus equivalents of the test systems under different scenarios is
also presented. A new P–Q plane of stability is introduced based on the equation of the proposed index.
The active, reactive and apparent power margins are then directly determined from the voltage stability
boundary.
. Introduction

Voltage stability is considered to be one of the keen inter-
sts of industry and research sectors around the world since the
ower system is being operated closer to the limit whereas the
etwork expansion is restricted due to many reasons such as

ack of investment or serious concerns on environmental prob-
ems [1]. Distribution systems experience distinct change from a
ow to high load levels every day. In certain industrial areas, it

as observed that under certain critical loading conditions, the
istribution systems may experience voltage collapse [2]. Radial
istribution systems have low reactance to resistance ratio (X/R).
his causes considerable IR and IX voltage drops in these systems
hich may lead to voltage collapse. Therefore, they are categorized

s ill conditioned systems [3]. The voltage stability problem has
een investigated for some years but most of the investigations
nalyzed the problem for high voltage transmission systems. The
nfluence of loads at distribution level might therefore not to be

ully taken care by these investigations. So far, the researchers and
he industries have paid very little attention to analyze the voltage
tability problem for a distribution system [4].
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oi:10.1016/j.epsr.2009.08.017
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Refs. [3,5] introduced different steady-state voltage stability
indices for indicating the state of radial distribution systems while
the load is increased at a certain bus. These indices can be used by
reducing the actual radial system into a two-bus equivalent system
using the method derived in [6]. Whereas Ref. [2] introduced a volt-
age stability index which can be evaluated at each bus of the radial
distribution system. The index is derived from load flow equations
given in [7]. Computing the value of this index needs a load flow
solution and determining of the line losses for each line in the sys-
tem. Ref. [8] presented a criteria for voltage stability analysis in
radial distribution systems by a geometrically form using the load
flow equations. The feasibility and uniqueness properties of load
flow (using Newton–Raphson method) were tested by the circle
diagram of synchronous generator and Jacobian matrix. Reducing
the system into a two-bus equivalent system is used for testing
these properties. In [4] a voltage stability margin of radial distribu-
tion systems was presented. This method was used to determine
the distance to voltage collapse point.

An analytical approach to voltage collapse proximity determi-
nation based on voltage phasors was presented in [9]. The actual
system is reduced into a two-bus equivalent system then the max-

imum active and reactive powers were computed.

Voltage stability problem is mainly a load stability aspect; the
load bus voltage relations attribute a special importance. Two-bus
power system can represent satisfactory the load bus performance
in all its situations encountered in practice [10,11].

http://www.sciencedirect.com/science/journal/03787796
http://www.elsevier.com/locate/epsr
mailto:mohamed_mhamada@yahoo.co.uk
dx.doi.org/10.1016/j.epsr.2009.08.017


M.M. Hamada et al. / Electric Power Syst

b
s
p
s

e
p
i
t
w
L
o
b
d

d
v
s
e
p

t
w
s
D
r
h

2

l
c
c
t

w

V

a

V

c

V

w
(

(P2
s + Q 2

s )

Qloss
Fig. 1. Simple two-bus system.

The previous review showed that the existing indices need to
e adjusted to include all parameters which contribute to voltage
tability; therefore the problem which appears in the evaluation
rocess especially as the load approaches the critical point can be
olved.

This paper presents a new criterion (index) for more accurate
valuation of voltage stability in radial distribution systems. The
roposed index is implemented for assessing the voltage stability

n two distribution systems consisting of 33 and 85 buses. Through
his paper the results obtained by applying the new proposed index
ere compared with those of two previous indices termed Lp and
which are introduced in Refs. [3,5], respectively. The equations
f these two indices are given in Appendix A. Analysis of the two-
us equivalents of the studied systems with increasing the load at
ifferent buses with different power factors is also introduced.

A new method for evaluating the voltage stability limit is intro-
uced based on the proposed index. This method gives the critical
alues of active and reactive power needed to plot the voltage
tability boundary in the P–Q plane. This method enables pow-
rs engineers to determine and plot the critical active and reactive
owers at any value of the power factors.

This paper is organized as follows: the next section describes
he formulation of the new index. Then the generalization method
hich is used to implement the new index in N-bus distribution

ystems is introduced. The P–Q plane of stability is then presented.
etails of the distribution test systems are presented before the

esults and discussion. Finally the conclusions of this paper are
ighlighted.

. Formulation of the new index

A static voltage stability index is derived from Gauss–Seidel
oad flow equations, assuming that the radial distribution systems
an be represented by their two-bus equivalent system. Line shunt
apacitance is negligible which is valid with radial power distribu-
ion systems.

The equation of load flow using Gauss–Seidel method can be
ritten as follows [12]:

i
(k) = 1

Yii

⎡
⎣Pi,sch − jQi,sch

Vi
∗(k−1)

−
i−1∑
j=1

YijVj
(k) −

N∑
j=i+1

YijVj
(k−1)

⎤
⎦ (1)

Eq. (1) can be written for the two-bus system depicted in Fig. 1
s follows:

2 = 1
Y22

[
P2 − jQ2

V∗
2

− Y12V1

]
(2)

After some mathematical manipulation the following equation
an be obtained:
2
2 − V1V2 cos ı +

[
S2

Y22
cos(� + ϕ)

]
= 0 (3)

here � is the angle of Y22 and ϕ is the angle of the complex power
S2).
ems Research 80 (2010) 152–160 153

Thus, the load voltage magnitude V2 can be written as:

V2 = −b ±
√

b2 − 4ac

2a
(4)

Angle ı can be calculated from Eq. (5):

ı = cos−1

{
V2

2 + (S2/Y22) cos(� + ϕ)
V1V2

}
(5)

Eq. (4) will give two values for V2, the higher value of V2 (VH
2 )

is the stable voltage and the lower value of V2 (VL
2) is the unsta-

ble voltage. When the system operates within the voltage stability
limit, the two values given by Eq. (4) are real and may be used to
plot the conventional P–V curve of the system. As the load increases,
the system will reach the critical point. At this point the values of
(VH

2 ) and (VL
2) will be equal.

From Eq. (4), it can be observed that the system operates in the
feasible operating region while the values of (VH

2 ) and (VL
2) are real

positive, for such operation, the discriminant (b2 − 4ac) of Eq. (4)
is positive. While the load increases the value of (VH

2 ) decreases
and (VL

2) increases until the two voltages reach critical point, at this
point the value of the discriminant will be 0. For any load increase
after this point the system collapses. In order to obtain real values
of V2 the following condition needs to be satisfied:{

[V1 cos ı]2 − 4S2

Y22
cos(� + ϕ)

}
≥ 0 (6)

A new index is introduced based on this condition as follows:

Lv = [4S2 cos(� + ϕ)]

Y22[V1 cos ı]2
(7)

where Lv is designated as the stability index that indicates the status
of the system and approximately shows how close the operating
point to the point of collapse. The voltage stability index Lv can
be used to detect voltage stability in radial distribution systems.
When the value of the index equals to 0 that means there is no
load, and between 0 and 1 the system operates in the stable region
and the values greater than 1 means that the system is unstable.
As seen from Eq. (7) the value of the index depends on the load
apparent power and power factor, also it depends on the value of
the admittance of the line and the voltage at the sending end and its
angle. The variables used in calculating this index combine several
electrical quantities of the system, therefore it can be considered
as a more representative of the system conditions and therefore its
results will be more accurate as will be indicated.

3. Generalization of the proposed index for n-bus
distribution systems

The three-phase radial distribution systems can be represented
by their two-bus equivalent system and this is quite valid for 11 kV
rural distribution feeders [7]. The method used to generalize the
proposed index Lv depends on the reduction of the whole dis-
tribution system into an equivalent two-bus system by the two
equations derived in [6], which compute the equivalent impedance
of the line connecting the two buses as follows:

Req = Ploss (8)
Xeq =
(P2

s + Q 2
s )

(9)

where Req, Xeq are the equivalent resistance and reactance, Ploss,
Qloss are the total active and reactive power losses, and Ps, Qs are
the active and reactive power supplied to the whole system.
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Table 1
Values of critical loading (kW) at different buses of the test systems.

Power factor 33-Bus system 85-Bus system

Bus 33 Bus 18 Bus 47 Bus 71

0.5 1290 710 1032 1252
0.7 1750 960 1365 1655
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0.8 1990 1090 1532 1859
0.9 2270 1245 1710 2082

The radial distribution system will be reduced to an equivalent
wo-bus system similar to that shown in Fig. 1.

. P–Q plane of stability

It is an established fact that the voltage collapse occurs when
he system load (P and/or Q) increases beyond a certain limit. If the
imiting values of P and Q are known, the voltage stability margin
or a given operating point can directly be determined. This requires
he plotting of voltage stability boundary of the system in P–Q plane
sing the limiting values of P and Q [13]. In this section, a new
ethod for evaluating the values of the P and Q at the boundary

f stability will be introduced. At the critical point, the value of
v index equals to 1 and the following equation can be written as
ollows:

cr
2 = Y22(V1 cos ı)2

4 cos(� + ϕ)
(10)

Eq. (10) can be rewritten as follows:

2
2 + (P2 tan ϕ)2 =

[
Y22(V1 cos ı)2

4 cos(� + ϕ)

]2

(11)

Then the active power at the critical point can be determined by
he relation:

cr
2 =

√
1

1 + tan2 ϕ

[
Y22(V1 cos ı)2

4 cos(� + ϕ)

]2

(12)

Eq. (12) can be used to plot the voltage stability boundary at
us 2. Also; it can be used to compute the critical active and reac-
ive power at any power factor. The voltage stability boundary in
–Q plane shows the relationship between the active and reactive
ower at the verge of voltage collapse.

. Simulation results

.1. Implementation of the proposed index

The effectiveness of the proposed index is tested on two radial
istribution systems consisting of 33 and 85 buses which are pre-
ented in Refs. [14,7], respectively. First the power flow problems
f the systems are solved for successively increased load condition
t certain buses until the power flow algorithm fails to converge.
he maximum load for which the power flow algorithm success-
ully converged is considered as the actual value of the critical
oad. Table 1 illustrates the critical loading for each bus at different
ower factors obtained from load flow solution of the two studied
ystems.
.1.1. The 33-bus system
The 33-bus system used in this paper is depicted in Fig. 2. It

s a balanced three-phase system that consists of 33 bus and 32
egments, operating at 11 kV voltage level. It is assumed that all the
oads are fed from the substation located at bus 1. The system has
Fig. 2. 33-Bus distribution system.

32 loads totalling 3.72 MW and 2.29 MVAr, real and reactive power
loads, respectively. Table B1 in the Appendix B illustrates the lines
and load data for this system. The simulation will be conducted on
two buses of this system, bus 33 and bus 18.

A. Increasing the load at bus 33

The load at bus 33 is gradually increased from 100 kW in steps
of 100 kW each at different power factors (0.5 and 0.8), while the
loads at the other buses are maintained constant. The total active
and reactive power load Pt and Qt (sum of the individual loads at all
buses in the whole system) will be changed according to the load
increase at bus 33. The three indices (Lv, L and Lp) are calculated at
each value of the total active and reactive power load and plotted
versus the total active power (Pt) in p.u. (on 3.72 MW base power).
Fig. 3 shows the variation of the three indices with the increase
in total active power load (Pt) of the system at 0.5 and 0.8 power
factors at bus 33. It can be seen that as the load at bus 33 increases
the values of the three indices (Lv, L and Lp) increase. At the point of
collapse, the proposed index gives more accurate value than those
of the two indices (L and Lp) for all studied power factors when
it compared to the critical values computed by load flow solution.
Where Lp index gives a value less than 1 at 0.5 power factor lagging
and a value larger than 1 at 0.8 power factor lagging. L index gives
a value less than 1 at the point of collapse at all studied power
factors.
B. Increasing the load at bus 18

The load at bus 18 is gradually increased with the same manner
as in the previous section but for 0.7 and 0.9 power factors. The
results are shown in Fig. 4. As seen from the results as the load
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Fig. 3. Voltage stability indices with total active power increases at bus 33: (a) with
0.5 p.f. lagging, (b) with 0.8 p.f. lagging.

Fig. 4. Voltage stability indices with total active power increases at bus 18: (a) with
0.7 p.f. lagging, (b) with 0.9 p.f. lagging.
Fig. 5. Voltage stability indices with total active power increase at bus 71: (a) with
0.5 p.f. lagging, (b) with 0.8 p.f. lagging.

increases at different power factors at bus 18 the Lv index gives

more accurate values which showing a good agreement with those
values obtained by load flow solution. Lp and L indices give low
values than those given by Lv index at different power factors.

Fig. 6. Voltage stability indices with total active power increase at bus 47: (a) with
0.7 p.f. lagging, (b) with 0.9 p.f. lagging.
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.1.2. The 85-bus system
The 85-bus system is a balanced three-phase system that con-

ists of 85 bus and 84 segments, operating at 11 kV voltage level.
he system has 59 loads totalling 2.59 MW and 2.64 MVAr, real
nd reactive power loads, respectively. Table B2 in the Appendix
illustrates the lines and load data for this system.

. Increasing the load at bus 71

The load at bus 71 is gradually increased from 100 kW in steps
f 100 kW each at different power factors (0.5 and 0.8), while the
oads at the other buses are maintained constant. The three indices
v, L and Lp are calculated at each value of the total active and reac-
ive power load and plotted versus the total active power (Pt) in p.u.
on 2.59 MW base power). Fig. 5 shows the variation of the three
ndices with the increase in total active power load (Pt) of the sys-
em at different values for the power factor. From these results it
an be seen that the results obtained by using the proposed index
atching with those obtained by load flow solution. The results

btained by using Lp index having an error especially at the point
f collapse (critical point). Whereas L index gives low values than
hose of the proposed index at different power factors.

. Increasing the load at bus 47

The load at bus 47 is increased from the base case while the loads

t other buses are maintained constant. The three indices are evalu-
ted at each load and the results obtained at each power factor (0.7
nd 0.9) are shown in Fig. 6. It can be seen that the proposed index
till gives more accurate results than those of the two previous
ndices.
Xeq at the critical point at different power factors. (b) Req variation with total load
power factors.

5.2. Analysis of the two-bus equivalents of the studied systems

5.2.1. The 33-bus system
To obtain accurate results from the new index different equiv-

alent two-bus system should be considered. That is because each
value represents the current operating point. Also from this varia-
tion, the voltage stability phenomenon can be understood. Fig. 7(b)
and (c) show the variation of Req and Xeq with the variation in
total active power in p.u. (on 3.72 MW base) according to the load
increase at bus 33 at different power factors. Fig. 7(a) shows the val-
ues of the Req and Xeq at the critical values at different power factors.
It can be observed that the values of the Req and Xeq are approxi-
mately constant at the critical point while the load is increased at
bus 33. From these results it can be observed that the voltage stabil-
ity can be assessed while the load increase at bus 33 by evaluating
the value of Req or Xeq of the system without considering the power
factor of the load.

5.2.2. The 85-bus system
The variation of Req and Xeq with increasing the load at bus 71 of

85-bus system at different power factors are shown in Fig. 8(b) and
(c). Fig. 8(a) shows the values of Req and Xeq at the critical loading at
different power factors. It can be seen that the values of Req and Xeq

are constant at different power factors. This means that the system
will reach the point of collapse while the Req and Xeq reach a certain
value while the load increases at bus 71.
5.3. P–Q plane of stability results

The proposed method for finding the voltage stability limit using
the P–Q curve has been tested on the simple system of Fig. 1. The
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For a given power factor, the maximum or critical load at the volt-
ig. 8. Variation of Req and Xeq of the system with the load increases at bus 71: (a) R
ncreases at different power factors. (c) Xeq variation with total load increases at dif

alues of r = 0.014027868 p.u., x = 0.01012377 p.u. and V1 = 1 p.u. on
base of 1 MVA, 11 kV. It can be seen that computing of the value
f angle ı is a time consuming so that the values of the angle ı

t 0 power factor, and at unity power factor are determined and
etween the two values the angle ı is estimated. Fig. 9 shows the
ariation of load reactive power against the load active power at
he critical point. The region above the curve is considered to be an
mpossible operating region. The region below the curve is consid-

Fig. 9. P–Q plane of stability of the two-bus system.
Xeq at the critical point at different power factors. (b) Req variation with total load
power factors.

ered to be a normal operating region. The critical values of active
and reactive power are plotted against the power factor in Fig. 10.
age collapse point can be determined from the point of intersection
of the power factor line with the active or reactive power curves.

Fig. 10. Variation of critical active and reactive power with power factor of the
two-bus system.
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Fig. A1. Two-bus system.
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. Conclusions

A simple and new voltage stability index of radial distribution
ystem is proposed for assessing the stability of a certain loading
ondition. The effectiveness of the proposed index is tested on two
elatively large distribution systems. The results of the proposed
ndex are then compared with the actual values obtained from load
ow and are found to be in a very good agreement. Then the results
re compared with two previous indices and are found to be more
ccurate. For each loading condition for the studied system, differ-
nt equivalent two-bus system should be considered. Taking fixed
wo-bus system for all loading conditions would not give accurate
esults. Improving the power factor at certain bus would increase
ystem loadability, the equivalent two-bus system changes slightly
n this case. A new method for determining the voltage stability
imit using the P–Q plane is presented. In that method the bound-
ry of the voltage stability region is first determined and then it is
resented in the P–Q plane. The proposed method was tested on
simple two-bus system. The results of this method are easy to

btain and can give quick overview on the system voltage instabil-
ty.

ppendix A.

.1. Lp index [3]:

For the two-bus system shown in Fig. A1 the Lp index can be
efined as follows:
p = 4rPr

{[Vs cos(� − ı)]2}
(A.1)

p = 0, describes that no load at bus under study, and the case Lp = 1,
escribes that the system operates at the critical point and any

able B1
ata for 33-bus distribution system.

Line number Sending bus Receiving bus Resistance (�)

1 1 2 0.0922
2 2 3 0.4930
3 3 4 0.3660
4 4 5 0.3811
5 5 6 0.8190
6 6 7 0.1872
7 7 8 1.7114
8 8 9 1.0300
9 9 10 1.0400

10 10 11 0.1966
11 11 12 0.3744
12 12 13 1.4680
13 13 14 0.5416
14 14 15 0.5910
15 15 16 0.7463
16 16 17 1.2890
17 17 18 0.7320
18 2 19 0.1640
19 19 20 1.5042
20 20 21 0.4095
21 21 22 0.7089
22 3 23 0.4512
23 23 24 0.8980
24 24 25 0.8960
25 6 26 0.2030
26 26 27 0.2842
27 27 28 1.0590
28 28 29 0.8042
29 29 30 0.5075
30 30 31 0.9744
31 31 32 0.3105
32 32 33 0.3410
Fig. A2. Simple two-bus system.

value of Lp more than 1 means the system is unstable. The values
of Lp between 0 and 1 describes the states of the system between
the no load case and the critical point.

A.2. L index [5]:

For the two-bus system shown in Fig. A2 the L index can be
defined as follows:

L = 4 ((xP1 − rQ1)2 + xQ1 + rP1) (A.2)

When the value of L reaches 1 the system reaches the critical

point, the value of L larger than 1 describe an unstable system.

Appendix B.

See Tables B1 and B2 .

Reactance (�) Load at receiving end bus

Active power (kW) Reactive power (kVAr)

0.0477 100.0 60.0
0.2511 90.00 40.00
0.1864 120.0 80.00
0.1941 60.00 30.00
0.7070 60.00 20.00
0.6188 200.0 100.0
1.2351 200.0 100.0
0.7400 60.00 20.00
0.7400 60.00 20.00
0.0650 45.00 30.00
0.1238 60.00 35.00
1.1550 60.00 35.00
0.7129 120.0 80.00
0.5260 60.00 10.00
0.5450 60.00 20.00
1.7210 60.00 20.00
0.5740 90.00 40.00
0.1565 90.00 40.00
1.3554 90.00 40.00
0.4784 90.00 40.00
0.9373 90.00 40.00
0.3083 90.00 50.00
0.7091 420.0 200.0
0.7011 420.0 200.0
0.1034 60.00 25.00
0.1447 60.00 25.00
0.9337 60.00 20.00
0.7006 120.0 70.00
0.2585 200.0 600.0
0.9630 150.0 70.00
0.3619 210.0 100.0
0.5302 60.00 40.00
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Table B2
Data for 85-bus distribution system.

Line number Sending bus Receiving bus Resistance (�) Reactance (�) kVA at receiving bus

1 1 2 0.108 0.075 0.000
2 2 3 0.163 0.112 0.000
3 3 4 0.217 0.149 56.00
4 4 5 0.108 0.074 0.000
5 5 6 0.435 0.298 0.000
6 6 7 0.272 0.186 0.000
7 7 8 1.197 0.820 35.28
8 8 9 0.108 0.074 0.000
9 9 10 0.598 0.410 0.000

10 10 11 0.544 0.373 56.00
11 11 12 0.544 0.373 0.000
12 12 13 0.598 0.410 0.000
13 13 14 0.272 0.186 35.28
14 14 15 0.326 0.223 35.28
15 2 16 0.728 0.302 35.28
16 3 17 0.455 0.189 112.0
17 5 18 0.820 0.340 56.00
18 18 19 0.637 0.264 56.00
19 19 20 0.455 0.189 35.28
20 20 21 0.819 0.340 35.28
21 2 22 1.548 0.642 35.28
22 19 23 0.182 0.075 56.00
23 7 24 0.910 0.378 35.28
24 8 25 0.455 0.189 35.28
25 25 26 0.364 0.151 56.00
26 26 27 0.546 0.226 0.000
27 27 28 0.273 0.113 56.00
28 28 29 0.546 0.226 0.000
29 29 30 0.546 0.226 35.28
30 30 31 0.273 0.113 35.28
31 31 32 0.182 0.075 0.000
32 32 33 0.182 0.075 14.00
33 33 34 0.819 0.340 0.000
34 34 35 0.637 0.264 0.000
35 35 36 0.182 0.075 35.28
36 26 37 0.364 0.151 56.00
37 27 38 1.002 0.416 56.00
38 29 39 0.546 0.226 56.00
39 32 40 0.455 0.189 35.28
40 40 41 1.002 0.416 0.000
41 41 42 0.273 0.113 35.28
42 41 43 0.455 0.189 35.28
43 34 44 1.002 0.416 35.28
44 44 45 0.911 0.378 35.28
45 45 46 0.911 0.378 35.28
46 46 47 0.546 0.226 14.00
47 35 48 0.637 0.264 0.000
48 48 49 0.182 0.075 0.000
49 49 50 0.364 0.151 36.28
50 50 51 0.455 0.189 56.00
51 48 52 1.366 0.567 0.000
52 52 53 0.455 0.189 35.28
53 53 54 0.546 0.226 56.00
54 52 55 0.546 0.226 56.00
55 49 56 0.546 0.226 14.00
56 9 57 0.273 0.113 56.00
57 57 58 0.819 0.340 0.000
58 58 59 0.182 0.075 56.00
59 58 60 0.546 0.226 56.00
60 60 61 0.728 0.302 56.00
61 61 62 1.002 0.415 56.00
62 60 63 0.182 0.075 14.00
63 63 64 0.728 0.302 0.000
64 64 65 0.182 0.075 0.000
65 65 66 0.182 0.075 56.00
66 64 67 0.455 0.189 0.000
67 67 68 0.910 0.378 0.000
68 68 69 1.092 0.453 56.00
69 69 70 0.455 0.189 0.000
70 70 71 0.546 0.226 35.28
71 67 72 0.182 0.075 56.00
72 68 73 1.184 0.491 0.000
73 73 74 0.273 0.113 56.00
74 73 75 1.002 0.416 35.28
75 70 76 0.546 0.226 56.00
76 65 77 0.091 0.037 14.00
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Table B2 (Continued)

Line number Sending bus Receiving bus Resistance (�) Reactance (�) kVA at receiving bus

77 10 78 0.637 0.264 56.00
78 67 79 0.546 0.226 35.28
79 12 80 0.728 0.302 56.00
80 80 81 0.364 0.151 0.000
81 81 82 0.091 0.037 56.00
82 81 83 1.092 0.453 35.28

P

R

[

[
[

83 83 84
84 13 85

ower factor of all loads is taken as p.f. = 0.7 lagging.
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