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Due to the unequal loads in phases and different customer consumption,
the distribution network is unbalanced. Unbalancing in the distribution
network, in addition to increasing power losses, causes unbalancing in
voltages and increases operating costs. To reduce this unbalancing, various
methods and algorithms have been presented. In most studies and even
practical projects due to lack of information about the network loads, load
models such as constant power model, constant current or constant
impedance are used to model the loads. Due to the changing and nonlinear
behaviours of today's loads, these models cannot show results in accordance
with reality. This paper while introducing an optimal phase-balancing
method, discusses the effect of load modelling on phase balancing studies. In
this process the re-phasing method for balancing the network and the
harmony search algorithm for optimizing the phase displacement process
have been used. The simulation was carried out on an unbalanced

distribution network of 25 buses. The results show well the effect of this
comprehensive modelling on phase balancing studies. It also shows that in
the re-phasing method for balancing the network and in the absence of a real
load model, the use of which model offers the closest answer to optimal
solutions.
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1. INTRODUCTION

Distribution networks are the largest part of the power systems. due to their lower voltage and
higher current compared to the transmission section the share of losses in this section is much higher than the
transmission systems. These losses impose huge costs on electricity distribution companies. Phase
imbalances are one of the important factors in increasing the losses and creating problems in proper operation
of distribution systems. So far, many studies have been conducted on the balancing of loads in distribution
networks. A statistical estimation method that can detect the level, position, and unbalance of voltage in
distribution networks is presented in [1]. In [2], the effects of voltage imbalance on induction motors are
investigated. [3] has introduced and compared a number of imbalance indicators in the distribution network.
In [4], the balancing problem in the distribution network is investigated using the combination of fuzzy logic
and the Newton-Raphson method. In [5], using a voltage control equipment and other network components,
an optimal load flow method has been proposed that can minimize the unbalanced voltage of the system.
In [6], the reconfiguration method has been used to transfer loads from heavy load feeders to light loader
feeders and to load balances in an unbalanced distribution network. In the reference [7], the authors have
investigated the problem of phase balancing with several other objective functions in a weighted form using a
genetic algorithm-based method. In [8], power electronics devices such as SVC to compensate for reactive
power and in reference [9], fuzzy logic and hybrid optimization are used to balance the phases in distribution
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systems. The reference [10] has also examined the use of dispersed generation sources (their location and
optimal size) in an unbalanced distribution network. One of the main methods of phase balancing is the
re-phase method, which was first introduced in [11] as a mixed integer programming method. The need to
increase the computational speed, especially in large networks, has caused the problem of re-phasing to be
addressed using intelligent methods such as simulated annulling [12]. In [13], an innovative method called
the Backtracking Search Method for the re-phasing problem is used to balance the distribution network.
The authors in [14] designed an expert system to apply the re-phasing method for balancing phases in
distribution systems. In [15], the authors compared several intelligent algorithms for the phase balancing
problem and concluded that the dynamic programming algorithm performs better. In [16], the phase
displacement method in radial and meshed distribution networks is applied using the BF-PSO algorithm.
In reference [17], the immune algorithm is also proposed to balance the phases, taking into account the
current imbalances.

Usually, in these papers, constant power, constant current, or constant impedance models are used
for modelling of loads in phase balancing studies. Given the variable and non-linear behaviours of today's
loads, these models for load in distribution network studies cannot show results in accordance with reality.
Although these results are acceptable, they are not optimal. On the other hand, obtaining a precise load model
in the grid is a very time consuming, complicated and costly one. Due to the fact that distribution companies
are required to use a precise model for load modelling to conduct studies on the optimal use of power
systems, including phase balancing studies, this paper studies the effect of different load modelling on the
results of phase balancing. An unbalanced 25-basset network was used to conduct this study. Simulations
carried out well illustrate and compare the effects of load modelling on phase balancing studies. First of all,
a variety of load models are introduced in Section 2. Section 3 deals with the process of balancing using the
re-phasing method. The load distribution method in unbalanced networks and the Harmony Search
Optimization Method are presented in Sections 4 and 5, respectively. Section 6 presents the results and
simulations, and finally, conclusions are given in Section 7.

2.  EXAMINING DIFFERENT LOAD MODELS

There are two general models for estimating load parameters, the first model is a static load model,
which is most commonly used for load flow problems and calculating the losses of lines and other networks
in the steady state. The second model is known as the Dynamic Load Model, which is usually used to study
the dynamics and stability of the network, and to regulate the relays, and all the cases that depend on the
network and load dynamics in the transient state. In the long run, due to the fact that studies on phase
balancing are carried out in steady state, we introduce the static model of load and its types.

2.1. Static load model

A model that expresses active and reactive power at any given time as a function of the amplitude
and frequency of the voltage at the same time. Static load models are used for static load components, such as
light and resistance loads, and also approximations for dynamic load components such as motor loads [18].
These models are divided into the following types.

2.1.1. Constant power load model

A static load model does not change the load power by changing the voltage range. Loads that have
such features are known as constant power loads and form PQ buses. The characteristic of these loads is
as follows:

P=Pp, Q=Q, (1)

2.1.2. Constant current load modle
A static load model in which the power is linearly and directly related to voltage. Loads with such
characteristics are known as constant current loads. The characteristic of these loads is as follows:

P
PV = ; =cons = I=cons )

2.1.3. Constant impedance load modle
A static load model in which the load power is directly related to the voltage squared.
The characteristic of these loads is as follows:
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PxV? = % =cons = %Zcons
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2.1.4. Exponantial load modle
In this load model, which is known as the exponential model, the active and reactive power function
of the load varies in different views of the voltage, which is expressed in general terms:

P - pr| Xz
(Voj

_ "
© _Q°[K)j

Vo, P, and Q, are the voltage, active and reactive power of the system respectively. n, and ng,
are the active and reactive components of the system, which indicate the degree of load-to-voltage
dependence. Using this model, many loads can be modelled. Table 1 refers to sample values of n, and nq in
several samples of loads.

4)

Table 1. The Values of n, and ng for Different Load Models [18]

Constant Constant Constant

. Industrial Commercial Residential Load type
impedance current power

2 1 0 0.18 1.51 0.92 n,

2 1 0 6 3.4 4.04 ng

3. BALANCING PROCESS

In this paper, the rephasing method is used to perform phase balancing. In this method, a switch is
considered for each bus, which can transfer the load from one phase to another. The general scheme of this
approach is presented in Figure 1. There are six modes for the phases, each of which is assigned numbers 1-6.
The status and phase change matrices for each mode are given in Table 2.

Table 2. Mode Number, Status, and Phase Shift Matrices for Each Switch
Phase shift matrices Status Mode No.

100
5=[010 (ABC) 1
001
100
$,=/001 (ACB) 2
1010

1001
[010
5,=1001 (BCA) 4
1100 |
[001]
s5,=/100 (CAB) 5
1010]

[010
5=[100 (BAC) 3

=010 (CBA) 6
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Figure 1. Six possible modes for re-phasing the phases

For a n-buses network, the vector S =[S1, S2, ... Sn] is defined as the key determinant of the state of
the switches, for the purpose of phase displacement. Each member of this vector is identified by one of the
modes 1 to 6. Forexample: S=[31112412345522542341541 1]. Can be an answer vector for a
25-bus network. The number 1 in the second element means that the phase arrangement in the second bus
should be in the form ABC or the first mode, and the s; matrix is used to change the phase state.
The number 3 in the ninth element requires the phase arrangement to be BAC or the third mode, and the s3
matrix is used to change the phase state. So, for each bus, the following is used to convert the arrangement of
phases (load displacement) from the initial state to the state specified in the vector S:

S Sa
[SBI =5 [Sbl (5)

Where the matrix si indicates the status of the switches in each bus and as mentioned in Table 2 it is
called phase shift matrix. Iy, I and I, are the zero, positive and negative components of the current calculated
from (6). The network unbalancing index can be obtained by using (7):

I() Ia Ib Ic

I :% I, al, a’l, (6)
I, I, a’l, al,
I+
I A .
1,

In The above relations, a=e/'?’. RMSI is calculated as an unbalancing index, and as the index is
closer to zero, the network is less unbalanced [3].
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4. UNBALANCE NETWORK LOAD FLOW

In this paper, a so-called backward forward sweep method [19] is used to carry out an unbalanced
network load flow. The backward sweep is used to obtain the relationship between the branches current and
the injection current of the buses, and the forward swept is used to calculate the buses voltage. The steps are
as follows:
a. Calculate the bus injected current

I- (k) (Sia / Via )* (k)

ua
Ly | = (S /Vib)* (®)
Iic (Sic / I/;c)
I, the injector current of the i-th bus to the load, S; is the apparent power in the i-th bus, and v; is the

voltage of the i-th bus in &-th iteration.
b. Calculate the lines current (sweep back)

. (k) Iia (k) ]ma (k)
J, b =1 ib + Z 1 mb ©)
ch Iic et Imc

In which J; shows the current flowing in /-th branch and M represent the set of lines that feed on the
node i.
c. Calculating bus voltages (forward sweep)

(k) ® (k)

I/ia Ja aa Zab ac Jla
v,| =V Z. 7 J ®)
ib jb ba “bb “be b
ic 7 an Zcb ch ch
jc

Where Za, Zob, Zceo are self-impedance and Zab, Zne, Zea are mutual impedances of the lines.
The above steps will continue until the following convergence condition is reached:

V;(k) _ Vi(k_l) < (11)

5. HARMONY SEARCH (HS) ALGORITHM

The Harmony Search Algorithm is a meta-heuristic algorithm developed in 2001 [20]. In this way,
solving optimization problems is inspired from the process of playing simultaneously by the group of music
orchestras. Due to low computation, simple concept, low parameters, easy implementation and applicability
for discrete and continuous optimization problems, the Harmony Search algorithm has become one of the
most used optimization algorithms in recent years in various issues. This algorithm can be used to solve
various engineering problems due to less mathematical requirements than other meta-heuristic
methods [21-22]. The parameters of the Harmony Search algorithm include Harmony Memory Size (HMS),
Harmony Memory Consideration Rate (HMCR), Pitch Adjustment Rate (PAR) and Bandwidth (BW). Each
Harmony is, in fact, a possible answer to the problem of optimization. The different steps of this algorithm
are as follows:
a.  Definition of optimization problem and initialization Parameters:

Minimize f(x)
Subject to g(x)>0

In these relations, f (x) is the objective function and g (x) is the problem constraint. The parameters
of HMS (Harmony Memory Size), HMCR (Harmony Memory Consideration Rate), PAR (Pitch Adjustment
Rate) and BW (Bandwidth) are set at this stage.
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b. Initialize harmony memory:
At this point, the harmony memory is set to:

XX X (12)
- XX . X
_XIHMS X;*IMS . XZMS ]

HMS is the size of the harmony memory, or the number of harmony in memory, and N is the number
of variables for each harmony.
c.  Create an improved new harmony:

First, r;, r> and r; are assumed to be random numbers between zero and one. To generate a new
harmonic vector, if 7; is smaller than the HMCR value and the random value 7, is greater than PAR, then:

Xnew(i)= Xold(i) (1 3)
If r; 1s smaller than HMCR and r> is smaller than PAR, then:
Xnew(l) :Xold(i)+rj XBW (6)

If r; is larger than HMCR, then for Xnew (i), a random value is considered within its permitted range.
d. Updating Harmony Memory:
In the process of updating the harmonic memory, if the harmonics or new harmonics are more
competent than the worst harmonics in the memory, they replace it, otherwise they will be set aside.
e.  Repeat steps 3 and 4 until the final condition is satisfied or repetitions end.

6. SIMULATION RESULTS

To perform the balancing process, a 25-bus test system is used, whose information is presented
in [6]. The single-line diagram of this network is shown in Figure 2. The main bus voltage is considered to be
1.05 pu. Base apparent power and base voltage are 100 kVA and 2.4 kV respectively. The process of network
balancing is done for different load models. The values of n, and nq for Exponential model are given in
Table 3 and Vpis 1 pu.

19 ,
20 ¢ 21 22
1 18 ¢ 9 —
2 4 5
) .
| 3
16 [ ] *r———0
23 24 25
6 / - . .
9 10 1 12
8 L ] 141
17 13
15"

Figure 2. Unbalanced 25-bus network
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Table 3. The Values of n, and nq for Exponential Model
b

Bus no n,?* ng® n,"° ng n,® ng°
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
4 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
5 1.5100 3.4000 1.5100 3.4000 1.5100 3.4000
6 1.5100 3.4000 0.1800 6.0000 0.9200 4.0400
7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
8 0.1800 6.0000 0.1800 6.0000 0.1800 6.0000
9 0.1800 6.0000 0.1800 6.0000 0.1800 6.0000
10 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
11 0.1800 6.0000 0.1800 6.0000 0.1800 6.0000
12 0.1800 6.0000 0.1800 6.0000 0.1800 6.0000
13 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
14 0.1800 6.0000 0.1800 6.0000 0.1800 6.0000
15 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
16 1.5100 3.4000 1.5100 3.4000 1.5100 3.4000
17 1.5100 3.4000 1.5100 3.4000 1.5100 3.4000
18 1.5100 3.4000 1.5100 3.4000 1.5100 3.4000
19 0.1800 6.0000 0.1800 6.0000 0.1800 6.0000
20 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
21 1.5100 3.4000 1.5100 3.4000 1.5100 3.4000
22 0.1800 6.0000 0.1800 6.0000 0.1800 6.0000
23 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
24 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400
25 0.9200 4.0400 0.9200 4.0400 0.9200 4.0400

6.1. Network load balancing

In this network, the nominal capacity of the main bus transformer is 1100 kVA for each phase.
S, represents the apparent power output of each phase of the main bus transformer. Because of the imbalance
of the phases, the load of the main bus transformer between the phases is not the same. For example, phase
has been loaded more than existing capacity and other phases less than the available capacity. The process of
balancing phases is performed in different load models. These models include constant power, constant
current, constant impedance and mixed (industrial, commercial, household) model. After balancing, it is
observed that the main bus transformer capacities of the phases are more balanced. Syain is the difference in
nominal capacity of each phase of the transformer and the apparent power output of each phase
(Smargin=1100-S,). According to the results of Table 4, before balancing, this value is negative for the A
phase, which indicates that phase A is loaded more than the limit. For other phases, this value is positive,
which indicates that the maximum capacity of those phases is not used. After the balancing process, as shown
in Table 4, the values of S, are fairly equal in each phase. As a result, Snagin is fairly equal in different
phases. These values are given for various models in Table 4. For example, in the case where the loads are
modelled as constant power, the S, is 972 kV, for constant current load model is 987 kV, for constant
impedance load model is 1002 kV, and for mixed model (so called Exponential model) is 1004 kV.

Table 4. The Capacity of Each Transformer Phase before and After Balancing for Different Load Models
C phase B phase A phase C phase B phase A phase

After balancing Before balancing Parameter Load model
971.97 972.74 97285 990 734 1197 S.(kVA) Constant oower
128.03 12726 127.15 109 365 97 Smargin(kVA) P
988.7 987.05 987.3 1006 753 1204 S.(kVA) Constant curment
1113 112.95 1127 93 346 -104 Smagn(KVA)
1001.3 1002.2 1002.8 1020 770 1210 S.(kVA) Constant impedance
98.73 97.81 9722 79 329 2110 Smugn(kVA)
1003.3 1004.8 1005 1032 766 1212 S,(kVA) . 4
96.17 95.19 94.95 76 325 112 Smagn(kva)  Mixed(Exponential model)
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6.2. Voltage balancing
The unbalancing in voltage at each bus is defined as:

oV .. =max(| V|

max a,b,c) _mln(l V |a,b,c) (15)

Studies show that 6V, is high for all buses for all four load models. In all load models,
the maximum unbalancing in voltage (max (0V.a)) is significant before balancing. After balancing, this
unbalancing in voltage is noticeably reduced. For the constant power model, as shown in Table 4,
the maximum unbalancing in voltage is equal to 0.0266, which is reduced to 0.0068 after balancing.
Similarly, in other models, the maximum unbalancing in voltage after the balancing is significantly reduced.

According to Table 5, the maximum unbalancing in voltage has dropped from 0.0256 to 0.0083 for
constant current load model and from 0.0246 to 0.0096 for constant impedance load model. This amount has
decreased for the mixed model (industrial, commercial, residential) from 0.0243 to 0.0074.

Table 5. Unbalancing in Voltage for Different Load Models Before and After Balancing

After balancing Before balancing

Max(dV ) Max(dV ) Load model
0.0068 0.0266 Constant power
0.0083 0.0256 Constant current
0.0096 0.0246 Constant impedance
0.0074 0.0243 Mixed

6.3. Network unbalancing index

Table 6 shows the values of the zero, positive and negative components of the current as well as the
network unbalancing index (RMSI) for different load models before and after balancing. Before balancing
the index of network unbalancing, as well as the values of negative and zero components of the current,
are high, but after balancing these values have been significantly reduced. For constant power model,
the components of zero and negative before balancing are equal to 1.281 and 1.274, which are significant
values. In this case, the RMSI index is 0.1947. After balancing, the current zero and negative components
were 0.0022 and 0.0055 respectively. Also, the RMSI has decreased to 0.0006. Results for other models are
shown in Table 6.

Table 6. Current Components and RMSI for Different Load Models Before and After Balancing

After balancing Before balancing

RMSI L I I, RMSI L I I Load model
0.0006 0.0055 9.26 0.0022 0.194 1.27 9.27 1.28 Constant power
0.0012 0.011 9.40 0.0020 0.187 1.24 9.40 1.24 Constant current
0.0015 0.0055 9.54 0.0139 0.180 1.21 9.53 1.21 Constant impedance
0.0014 0.0063 9.56 0.0123 0.180 1.18 9.55 1.25 Mixed

6.4. Network losses

Table 7 shows the system losses before and after balancing. As can be seen, network losses after
balancing have been reduced for all load models, but this is not the same for all models. For a constant power
load model, the losses before the balancing are 68.483 kWh, which is reduced to 65.81 kW after balancing.
In the constant current model, the losses before and after the balancing are 70.04 and 67.92 kW, respectively.
For impedance load model, the network losses are equal to 71.32 kW, which after balancing is equal to 69.49
kW. Finally, in the mixed model (industrial, commercial, household) this amount has decreased from
71.5 kW to 69.44 kW.

Table 7. System Losses Before and After Balancing for Different Models

After balancin Before balancin
PLOSS (kw)g PLOSS (kw) ¢ Load model
65.81 68.483 Constant power
67.92 70.01 Constant current
69.49 71.32 Constant impedance
69.44 71.50 Mixed
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6.5. The current of phases

The flow of phases before and after balancing is given in Table 8. Before balancing, the difference
between the currents in the phases is relatively high. Because the loading on the A phase is greater, therefore,
a greater current is drawn and, due to lower loading in phase B, the current of this phase is lower.
After performing the balancing process, it is observed that the currents of the phases are more balanced,
meaning that the currents in the three phases are fairly uniform.

Before balancing and in the constant power load model, the current in A phase is 11.36, in B phase
is 6.99 and in C phase is 9.39. After balancing, the A phase current is equal to 9.2652, the B phase current is
equal to 9.2642 and the C phase current is equal to 9.257.

Also, in the constant current load model and before balancing, the currents in the phases A, B and C
are 11.46, 7.17 and 9.58, respectively. After balancing the A phase current is 9.4, the B phase current is 9.41
and the C phase current is 9.38. The values are in pu.

Table 8. Phase Currents Before and After Balancing

After balancing Before balancing Load model
L(pw)  Lypw Li(pu) L(pu) Ly(pu) L.(pu)
9.257 9.2642 9.2652 9.43 6.99 11.40 Constant power
9.38 9.41 9.40 9.58 7.17 11.46 Constant current
9.55 9.52 9.54 9.72 7.34 11.53 Constant impedance
9.56 9.57 9.56 9.83 7.30 1154 Mixed

6.6. Validation of the proposed method for phase balancing

In order to validate the proposed method, in Table 9, the results of this paper are compared with the
results of reference [23], which is one of the most recent researches in this field. In the reference [23],
the current injection load flow method, the constant power load model, and the PSO algorithm are used to
carry out the balancing process. With reference to the fact that the results of reference [23] are obtained using
the constant power load model, only the results obtained from the constant power load model in the proposed
method of this paper are compared with the results of reference [23]. Significant reduction of zero and
negative component currents as well as network unbalancing index (RMSI) in the proposed method is
evident in comparison with the results obtained from reference [23].

Table 9. Comparing the Results of the Harmonic Search Algorithm with the Reference [23]

RMSI L(pu) L(pu) Pioss (kw)

0.194 1.27 1.28 68.48 Initial condition

0.0032 0.026 0.013 65.86 Jsing the reference[23]method
0.0006 0.005 0.0022 65.81 Proposed method

6.7. The effect of load modelling on the results of balancing

As stated above, on each bus there is a switch that has 6 states, which can have states 1 to 6.
The status of the switches in the six positions is expressed in Figure 1. The status of these switches before
and after balancing for the 25-bus network is given in Table 10. It is noted that changing the load model
changes the status of the system switches.

Table 10. The Status of the 25-bus Switches Before and After Balancing

Switches status Load model
rrrrrrrrrrrrrrrrrrirrrnd Initial status (before balancing)
1143112511313121551121136 Constant power
1132436133436566243644665 Constant current
1121314235213121341564263 Constant impedance
1135421321343121363144113 Mixed

The above results show well that changing the load model yields different results in balancing
studies. Since the distribution network loads are a combination of industrial, commercial, and residential
loads, and the acquisition of components of these loads is difficult and time consuming, in many cases,
studies of distribution networks, are carried out using constant power load model. Certainly, in such cases,
the results cannot be optimized. It is further examined that, in balancing studies if an unbalanced network is
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composed of different loads, and actual load model is not available then how much the results obtained by
using constant power, constant current, or constant impedance models will different with actual or optimal
results ?

For this purpose, the arrangement of the switches obtained from the constant power, constant
current, and constant impedance load model is used in the network with mixed load and the results are
compared with the optimum state obtained from the consideration of the mixed load model. The results of
this comparison can be seen in Table 11. According to the results, the losses are almost equal, but other
parameters are different. For example, the RMSI value in a mixed-load network, using the arrangement of the
switches obtained from the constant power load model, is equal to 0.0033. However, using the arrangement
of the switches obtained from constant current or constant impedance model, this parameter is 0.0145 and
0.0133 respectively.

As can be seen in the Table 11, when the arrangement of the switches obtained from the constant
power model is used in the mixed- load network, the results are closer to the optimum results. This applies to
three-phase currents as well as balanced distribution of three-phase power.

Table 11. Comparison of the Results of using the Arrangement of Switches Obtained from
Different Load Models in Grid

Losses Sarein(kVA)

RMSI L b L (kw) C phase B phase A phase
Grid with the arrangement of the
0.0033 9.5851 9.555 9.558 69.493 96.40 96.66 93.56 switches obtained from the constant
power
Grid with the arrangement of the
0.0145 94018 9.62 9.69 69.621 82.511 89.582 112.81 switches obtained from the constant
current
Grid with the arrangement of the
0.0133 9.5093 94686  9.7229  69.524 79.094 105.79 101.52 switches obtained from the constant
impedance
Grid with the arrangement of the
0.0014 9.56 9.57 9.56 69.422 96.17 95.19 94.95 switches obtained from the mixed load

model(optimum state)

7. CONCLUSIONS

In this research, rephasing method was used to balance the network, as well as the harmony search
algorithm due to its simplicity, efficiency, and less mathematical considerations to optimize the phase
displacement process. The results compared with the recent studies indicate the effectiveness of the proposed
method. Due to the importance of load modelling in the networks, the effect of different load models on the
network balancing process was investigated. Constant power, constant current, constant impedance and
mixed model (industrial, residential, commercial) were used to model the loads in distribution system.
The results show that if different models are used, the results will be significantly different. This suggests
that in order to obtain optimal solutions, exact modelling of loads is required in network studies, including
balancing studies. Since obtaining a precise load model in the distribution network requires extensive studies
and accurate measurements, and most distribution companies and network operators lack the above
information, it is important to identify the appropriate model to find solutions that are close to optimal
solutions. The results of this paper show that the use of a constant power model for displaying loads offers
more accurate answers to optimal solutions.
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