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Exponential Based Load Model for Baghdad
Distribution Feeder
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Abstract:

Distribution feeders in Baghdad comprise different load classes,
those classes differ in load component, characteristics and sensitivity
to network variables. In view of this fact, applying any dynamic study
to those feeders requires proper modeling of loads, otherwise,
unfavorable results obtained. Realistic load component varies in
relation to both system voltage and frequency, and this variation is
related to load type and sensitivity, that may alter studies by
deliveringnon -desired results. Proper modeling leads to desirable
decisions,correct and realistic results, and undoubtedly will reduce
efforts and expense of the un-justified network modifications. In this
work, residential load mix feederisstudied,the load characteristic is
acquired, and thennetwork componentsand loads are presented using
voltage-frequency dependable exponential load model. The results
obtained arerecommended to be implemented in distribution
network studies and dedicated software within Baghdad network.

Keywords: Load Modeling, Load Representation, Dynamic Studies,
Distribution Network

)[Y¥ K



YOV Y Gsdr)) g galad) aaad) daalal) ¢ galall A dlaa

Ay ol S (2 i

S Maal) de daa a5l L0
il Adia and / daalad) ¢ galal) 44lS
il gl 3 k)

soaldiall

GF IS JLaal) o de piia Tplgil 20y sl gS g s ASed e (andali
e Aadl g il 3 R 3 ), AU & el Al g pailadl) g & sladly Lgdan
Allia s gl il jal) o gl ABMA g Jlaadld Jia¥) Jofiadl) callaty cilpdial) 028

E5 A Gl 13 Mding g aUAM 3 59 A gdl) adidi Mo Aad) o) Jlaal) s
Sl &), a9l Al Lralial) ciluad jall B i O GSaall (a9 Al g Jaal)
Jpshl) ABIS (ya By SUNL g Aaaaa dadl g il e ) 22 g8y Jleadl JiaY)
Sl gy Lgliad Jla A cladll 3 ) jall e dgaiill g

el i a duae ASw daa ¢ 3 ol g gad Al o uad) 138 cpaal
235l g Al gdl) yas A0 eV AL 3AY) ae el 3 gl aladialy Abdiad ol (a9 Jaad)
Aud bl 3 (B Lgaladiialy (540 g Amdl g guiliity A ) 028 cin A9 ¢ Jlaal dli e
Labiaal g A8 £l S ) g8

Introduction

The term load in power system representation refers to a large
number of individual power consuming devices connected to specific
buses. Those loads may consist of multiple classes like residential,
commercial, industrial and rural. Each load class may also contain
several dissimilarcomponents like pumps, lights, heaters, etc.

Realistic distribution network operation undergoes voltage and
frequency variation constantly, due to the fact that load components
are mutually related to that variation; load performance
willoscillateand alter the network operating conditions regarding its
sensitivity to voltage and frequency change, and may lead to adverse
impacts [1].

In dynamic studies, like transient stability and load flow, it is
essential to represent each load with its corresponding
equivalentmathematical model. The efforts of IEEE taskforces [2] ,
CIGRE [3] and EPRI [4] projects result in various load models in
addition to interesting characteristic data for large number of load
components. The results obtained through cooperation between
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General Electric [5] and other electricity utilities to facilitate the
implemented operational and control programs to realize correct
solutions in case of fault, load forecasting, network modification,
future expansion, contingency analysis, in addition to voltage and
rotor angle transient stability studies.

Load Model

To obtain accurate loadmodel, two approaches are applied by
electricity utilities worldwide; measurement-based and component-
based. In this work, component-based approach is used involving
load characteristic data acquisition analysis with the contribution of
previous load study results achieved by IEEE taskforces, CIGRE and
EPRI projects. In this approach, the entire study is based on actual
distribution network data result in more accurate model.

When voltage and frequency vary evenly within acceptable
boundaries, it is not suitable to continue representing the loads as
fixed rated power consumers, in that variation influences the active
and reactive power of load. In special load component, like lighting,
thepower may decay to zero during large variation, thus a
mathematical expression is necessary to represent the load sensitivity
to both voltage and frequency , the following model is employed in
this work:

P
o= Prl1+ kpf(f — fol(V/V)R% + (1= PYV/V)* (1)
2 ot + kaf( — FIV/V )+
(u/Po = Q) V/V)T*[1 + kaf (f = £.)) @)

WhereV,,f,, Pj,andQ.and are the rated load voltage,
frequency,active and reactive powerconsecutively.
V, f ,PandQare the current loadvoltage, frequency , active and
reactive power consecutively.

kpf and kpvare the active power frequency and voltage
sensitivityparametersrespectively.

kgf andkqv are the reactive power frequency and voltage
sensitivityparameters respectively.

Pr and Qg are the percentvoltage-frequency sensitive part of
active and reactive powerrespectively.
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Thisform of load model is a mathematical exponential expression
that represents the load’s active and reactive power at any instant of
time as a function of voltage and frequency variation for voltage and
frequency dependable loads, withregard to load component
sensitivity.

The first part of the above form represents the voltage-frequency
sensitive loads, while the second includes voltage sensitiveportionof
loads only. This model is termed static-load model, it is applicable to
present residential static loads and may also be used as an
approximation for dynamic models.

Load Representation Approach

In this work, component-based technique is used inrepresentingthe
proposed mode under investigation.In this technique,realistic load
characteristic data is essential and should be provided for many
hours. The required load characteristic parameters are the voltage,
frequency, and power-factor in addition to power variation.

The following approach is achieved to represent the loads in such a
way as to obtain realistic and accurate results:

1. Each feeder is equipped with data acquisition devices that are
capable of recording load characteristic data at specific
intervals.

2. Initial voltage and frequency sensitivityparameters
areobtained from typical load characteristic data reported by
EPRI studies [6].

3. The rated active and reactive power is deduced by fitting the
above data in procedure 1 and 2 into the load model
equations.

4. Once rated power is achieved, the load characteristic data is
used to obtain the actual voltage sensitivity factor using the
following expressions:

U
kpv = In d —U} 3
P {vawfp_va+1 ’ ®
Where
P |4
Up=35 Uv:V_ , wpp =1+ kpf(f—fo)
o o

Subjected to the constraint :
minimize €4, = kpv' — kpv'
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Wheree,. v is the error factor related to the active power voltage
sensitivity.

In similar mannar, actual frequency sensitivity factor is obtained
using the following expression:

(o)
kqv=In{—-U, (4)

Wyq
Where

uq=0% . wrg =1+ kaf(f — fo)

Subjected to the constraint:

minimize €4, = kqv' — kqv'
Wheree, 4 is the error factor related to the reactive power voltage
sensitivity.

The same procedure is implemented to achievekpf and kqf.

5. Steps 3 and 4 are repeated until the desired error factors
areachieved.

Several iterations may berequiredin order to reduce error factors,

which reflect realistic and accurate load characteristic factors.

Load Aggregation Strategy
In this work, two strategies are used:
1) Feeder-Bus Model
Single load model is achieved in this strategy by combining all
network load-buses into one feeder-bus using aggregation theory
[7]. Network aggregation technique is implemented to reduce the
network into single distribution impedance Zpand load model.
2) Transformer-Bus Model
In this strategy, each transformer is assumed as a load-bus and
the load model is presented toall buses. For each load-bus, the
fractional load model equation is formulated by estimating the
transformer fractional KVA rating p in addition to transformer
load factor as follows:
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P
oler)
Where

S
P = 21800

Both strategies are explained as shown in figure 1.

Test System and Results

The proposed model and representation approach is tested on
11kVresidential feeder within Baghdad distribution network, known
asl14-MOHET as shown in figure 2. All network components are
presented, including transformers and power factor correction
capacitors.

The load characteristic acquisition is obtained on the feeder main.
In this procedure, the feeder is equipped with a modern computer-
based protection, communication and monitoring device capable of
recording power, power-factor, frequency,voltages, currents and
allrequired load characteristic parameters. All network components
are combined into single impedance Zp to implement feeder-bus
strategy.

To implement the second strategy, each distribution transformer is
assumed to introduce a load-bus, using transformer-based
strategy,the load parameters per each transformer are deduced by
presenting the transformer fractional rating and the load factor.

Inthe present approach, all load model parameters like voltage,
frequency deviation, standard voltage and frequency sensitivity
factors are imported tothe load model mathematical expressions. The
active and reactive power are obtained after accomplishing9
iterations in case of implementing feeder-bus strategy, while it takes
16 iterations to reflect the best results when applying transformer-
bus strategy, at the end of the iterations, minimum error is achieved
and hence it reflects the best realistic sensitivity factors as shown in
figure 3.
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All the above steps aretranslated into MATLABcodes result in a
developed package named LoadExpocapable of modeling any
distribution feeder loads.

Conclusion

The load modeling is essential when accurate and realistic results
of dynamic studies are required. In this work, using standard values
of load characteristic parameters as initial values to the load
presentation approach reflects good results after few iterations.

The modeling approachand results obtained arehighly
recommended for use in Ilragidistribution network dynamic
studies,analysis, control andmonitoring software to achieve optimistic
decisions, and hence, to avoid studying and operational faults, un-
justified modification cost and unrealistic load growthconcerning.

Feeder- 7
Bus D Load Model
kpv, kpf
kqv,kqf
(a)

tr(1) bus tr(2) bus tr(3) bus tr(n) bus
Z01 H

1 Z12 Z23 Z3n

[3 zt1 [q:] zt2 zt3 L1 oZin

Load Model(1) Load Model(2) Load Model(n)
kpv(1),kpf(1) kpv(2).kpf(2) = — — — =  kpwv(n),kpf(n)
kqv(1).kqf(1) kqv(2),kqf(2) kqv(n),kqf(n)

(b)
Figure 1

(a) Feeder-load model (b) Transformer-bus load model
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=> Feeder-Bus Load Model Strategy Parameters <=

KEpv=1.12 kpf=0.87
kgv=2.24 kgf=-1.87
number of iteraticns = 7

=> Transformer-Bus Load Model Strategy Parameters <=

kpvi{ 1l)=1.15
kpv( 2)=1.03
kpv( 3)=0.98
kpv( 4)=1.01
kpvi 5)=1.30
kpv( 6)=0.99
kpv( 7)=1.26
kpv( 8)=1.00
kpv( 9)=1.40
kpv(l0)=1.186
kpvill)=1.21
kpv(l2)=1.43
kpv(l3)=1.29
kpv(ld)=1.50
kpv(15)=0.97

kpf( 1)=0.72
kpf( 2)=0.90
kpf( 3)=0.75
kpf( 4)=0.83
kpf( 5)=0.90
kpf( 6)=0.84
kpf( 7)=0.79
kpf( 8)=0.90
kpf| 9)=0.89
kpf(10)=0.76
kpf(11)=0.80
kpf(12)=0.91
kpf(13)=0.83
kpf(14)=0.74

kgv( 1)=2.63
kav{ 2)=3.01
kgv( 3)=2.18
kav| 4)=2.91
kgv{ 5)=3.07
kav| 6)=2.74
kgv{ 7)=2.29
kav| 8)=2.53
kgv| 9)=3.00
kav{1l0)=2.34
kgv{ll)=2.21
kav{l2)=2.95
kgv{13)=2.20
kav{ld)=2.41

kpf(15)=0.90 kgv(l5)=2.93
number of iterations = 16
Figure 3

kaf(
kaf(
kaf(
kaf(
kaf(
kaf(
kaf(
kaf(
kaf(
kaf(

LoadExpo output for 114-MOHET

K

=1.39
=1.62
=1.92
=2.05
=1.48
-2.31
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