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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. 
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 توزيع في كهرباء بغداد

 
 اىشاٗٛ ػثذ اىحَٞذ أصٕش ٍدٞذ. د

 قسٌ ْٕذسح ذقْٞاخ / ميٞح اىَاٍُ٘ اىداٍؼح 

 اىقذسج اىنٖشتائٞح

 :اىَسرخيض
ٍرْ٘ػح ٍِ الاحَاه ذخريف ػِ  ااً ّ٘اعأذرضَِ ٍغزٝاخ شثنح ذ٘صٝغ مٖشتاء تغذاد 

دساساخ ٗاقؼٞح ػيٚ  جاُ ذْفٞز اٛ. تؼضٖا تاىسي٘ك ٗاىخظائض ٗاىحساسٞح ىَرغٞشاخ اىْظاً 

 .ٕزٓ اىَغزٝاخ ٝرطية اىرَثٞو الاٍثو ىلاحَاه ٗتخلافٔ ذْرح ٕزٓ اىذساساخ ّرائح غٞش ٍثاىٞح

ٝؼرَذ ٕزا اىرغٞش ػيٚ ّ٘ع ٗذرغٞش الاحَاه اى٘اقؼٞح ػْذ ذزتزب اىف٘ىرٞح ٗذشدد اىْظاً 

اُ اىرَثٞو . اىذساساخ اىذْٝاٍٞنٞح لاّظَح اىر٘صٝغ فٜاىحَو ٗحساسٞرٔ ٍِٗ اىََنِ اُ ٝؤثش 

الاٍثو ىلاحَاه ٝق٘د ىقشاساخ ٍثيٚ ّٗرائح ٗاقؼٞح طحٞحح ٗتاىرامٞذ ٝقيو ٍِ ميفح اىرط٘ٝش 

 .ٝح غٞش اىَثشسج ىيشثناخ فٜ حاه ذَثيٖا تشنو ثاتدٗاىرٌْ

حٞث ذٌ ذسدٞو خظائض ,حَو سنْٜ  ٛذضَِ ٕزا اىثحث دساسح َّ٘رج ىَغزٛ ر

اىحَو ٍِٗ ثٌ ذَثٞئ تاسرخذاً َّ٘رج أسٜ ٍغ الاخز تْظش الاػرثاس ذاثٞش ذغٞش اىف٘ىرٞح ٗاىرشدد 

ٙ تاسرخذاٍٖا فٜ دساساخ شثنح ٗخشخد ٕزٓ اىذساسح تْرائح ٗاقؼٞح ٝ٘ص, ػيٚ ذيل الاحَاه 

 .ٕاٗتشاٍدٞاخ ذ٘صٝغ مٖشتاء تغذاد

 

 

 

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

𝑷𝒐
= 𝑷𝒇𝒗 𝟏 + 𝒌𝒑𝒇 𝒇 − 𝒇𝟎   𝑽 𝑽𝒐  𝒌𝒑𝒗 + (𝟏 − 𝑷𝒇𝒗) 𝑽 𝑽𝒐  𝒌𝒑𝒗             (𝟏) 

𝑸

𝑷𝒐
= 𝑸𝒇𝒗 𝟏 + 𝒌𝒒𝒇 𝒇 − 𝒇𝒐   𝑽 𝑽𝒐  𝒌𝒒𝒗 + 

 𝑸𝒐 𝑷𝟎 − 𝑸𝒇𝒗   𝑽 𝑽𝒐  𝒌𝒒𝒗 𝟏 + 𝒌𝒒𝒇 𝒇 − 𝒇𝒐                              (𝟐) 

 

WhereVo,fo, PoandQoand 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. 

kqf andkqv are the reactive power frequency and voltage 

sensitivityparameters respectively. 

Pfv and Qfv 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: 

𝒌𝒑𝒗 = 𝐥𝐧  
𝑼𝒑

𝑷𝒇𝒗𝝎𝒇𝒑 − 𝑷𝒇𝒗 + 𝟏
− 𝑼𝒗                                       (𝟑) 

Where 

𝑼𝒑 =
𝑷

𝑷𝒐
    ,    𝑼𝒗 =

𝑽

𝑽𝒐
    ,    𝝎𝒇𝒑 = 𝟏 + 𝒌𝒑𝒇(𝒇 − 𝒇𝒐) 

 

Subjected to the constraint : 

𝒎𝒊𝒏𝒊𝒎𝒊𝒛𝒆     𝝐𝒓(𝒑𝒗) = 𝒌𝒑𝒗′′ − 𝒌𝒑𝒗′ 
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Where𝝐𝒓(𝒑𝒗) is the error factor related to the active power voltage 

sensitivity. 

 

In similar mannar, actual frequency sensitivity factor is obtained 

using the following expression: 

𝒌𝒒𝒗 = 𝐥𝐧  
𝑼𝒒

𝝎𝒇𝒒
− 𝑼𝒗                                                   (𝟒) 

Where 

𝑼𝒒 =
𝑸

𝑸𝒐
    ,    𝝎𝒇𝒒 = 𝟏 + 𝒌𝒒𝒇(𝒇 − 𝒇𝒐) 

 

Subjected to the constraint: 

𝒎𝒊𝒏𝒊𝒎𝒊𝒛𝒆     𝝐𝒓(𝒒𝒗) = 𝒌𝒒𝒗′′ − 𝒌𝒒𝒗′ 

Where𝝐𝒓(𝒒𝒗) 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 ZDand 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 𝝆 in addition to transformer 

load factor as follows: 
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 𝑷

𝑷𝒐
 
𝒕𝒓(𝒊)

= 𝝆(𝒊) × 𝑳.𝑭 𝒊                                                  (𝟓) 

Where 

𝝆(𝒊) =
𝑺𝒓(𝒊)

 𝑺𝒓(𝒊)
𝒏
𝟏

  

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 

as114-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 ZD 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 Iraqidistribution 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

(a) Feeder-load model  (b) Transformer-bus load model 
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Figure 2 

114-MOHET SLD 

Figure 3 

LoadExpo output for 114-MOHET 
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