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1. INTRODUCTION

Estimating the electrical load of power network is very necessary to planning the generation,
transmission and distribution of any electrical power system, and it is very important process in designing
and operating of any electrical energy management system at any country [1]. Any generating power
scheduling needs information about load connected to the electric power generating plant [2]. The estimated
load helps to avoid overloading, equipment failure occurrence, continuously evaluating the power system
security and increasing the reliability of the power system [3]. There are many algorithms used to estimate
electrical load, in this paper, Fuzzy logic is used to evaluate the electrical load estimation because it is a
solution to complicated problems in all life fields, as it is similar to the human and making of decision [4], [5].
Fuzzy logic also replies doubts and mysterious points produced by language of human were everything
cannot be labeled in accurate and separated expressions [6], [7]. Our fuzzy inference system (FIS) builds with
three inputs relying upon the climate information, first input is a temperature, second input is a humidity-
percentage and the third input is a wind-speed. All inputs have three triangular shapes membership functions
to obtain the estimated electrical load with five triangular shapes membership functions and the output is
normalized (in per unit) in order to be used at any size of load and at any time for the estimated of load.
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2. FUZZY LOGIC SYSTEM

Fuzzy logic is similar to the way human being interpret ideas. It has the possibility of collecting
heuristics of human into computer-assisted making decision because it is multi-valued logic [7]-[11]. Fuzzy
logic system suitable for additional tasks compared to classical form of logic. They were first flexibility for
representation [12]-[14]. This quality is recognized by membership functions which give Fuzzy sets the
capability of modeling in linguistic form. Fuzzy logic can be novel rout for realizing and making decision by
considering imprecise information in which reality can have a value between 0 to 1 [15]-[19]. This process
called as fuzziness: So, fuzziness comes from the uncertain and imprecise nature of concepts. Fuzzy logic
deals with a form of thinking using specific mathematical formulas which supplies results based on a group
of IF-THEN rules. It is best way to describing the behavior of systems which are unclear to be matching with
specific mathematical analysis in difference to the traditional systems that cannot deal with inaccuracy or
deficiency in information [20]-[25]. Fuzzy system is chiefly based on IF-THEN rules according to the
following terms: Fuzzification, rule base, fuzzy inference, and fuzzification. A general fuzzy system is shown
in Figure 1.
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Figure 1. Fuzzy logic system

3. PROPOSED METHOD

The proposed fuzzy logic system that implemented to estimate the electrical load is described in
Figure 2. The system is controlled by fuzzy logic system to decide the value of estimated load in Per Unit
(minimum, small medium, medium, big medium and maximum) depending on the values of input parameters
(temperature, humidity and wind speed).

The inputs of the proposed fuzzy logic system pass through the fuzzy inference system (FIS) as
shown in Figure 3, to decide the estimated load by using rules in FIS in a way to obtain the best estimation.
Table 1 described fuzzified input parameters of Iraq (Diyala governorate-Baaquba city) country which is
considered in this study after applying Fuzzy inference system of type Mamdani. And the range of input
parameters temperature, humidity and wind speed as shown in Table 1.
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Figure 3. Fuzzy inference system
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Table 1. Input parameters and their ranges

No. Input parameter Range
1 Temperature 0°Cto33°C
2 Humidity percentage 0% to 20%
3 Wind speed 0to 40 km/h

4. RESULTS AND DISCUSSION

The results of proposed fuzzy inference system with three input parameters and one evaluated
output. This output represent the estimated load in (per unit system) of real power that in Mw and the base of
per unit is 470 Mw in Iraq (Diyala governorate-Baaquba city-western) for approximately one week from
29/12/2018 to 4/1/2019. The input parameters are shown in Figure 4 the temperature, Figure 5 the humidity
and Figure 6 the wind speed and every one input has vertical axis with range from (0-1) represents the degree
of membership functions. And the horizontal axis represents the range of every input parameter.

The range of temperature is from (5 °C) to (17 °C) and the range of humidity percentage is from (50%)
to (60%) and the range of speed of the wind is from (6 km/h) to (28 km/h). Each one of the inputs have three
trigonometric functions named minimum, medium and maximum. The minimum membership function is
used for minimum input range values and medium membership function is used for medium input range
values and maximum membership function is used for maximum input range values. The output have five
trigonometric functions named minimum, small medium, medium, big medium and maximum as shown in Figure 7.
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The minimum and small medium represents the low power consumption in kilo watts (from 280 KW to
330 KW) at the morning from (8 am to 12 am) because the residential load will decrease while the most
people are in the work and their children at the school. And the maximum represent the highest power
consumption (from 430 KW to 470 KW) at the times (1 pm to 4 pm) and (2 am to 7 am). And the rest of each
day in the week the power consumption (from 331 KW to 429 KW) between medium and big medium. The
rules of fuzzy inference system (FIS) are shown in Figure 8. The three inputs with three membership
functions gives 27 rules. The evaluation of electrical load estimation based on fuzzy inference system (FIS) is

Evaluation of electrical load estimation in Diyala governorate (Baaquba city)... (Siraj Manhal Hameed)



3760

a ISSN: 2088-8708

shown Figure 9 the rule viewer of fuzzy inference system FIS with three inputs (temperature, humidity

percentage and the speed of the wind).

E.If (Temperature iz rnln) and (Humidity%: is mid) and (Wind_speed(km/h) i= max) then (evsluated-L oad-Estimation is ma:x) (1)
7. If (Temperature is and (Humidity %5 is max) and (Wind_speed(km) is min) then (evalusted-L oac E_s‘tlmat\o max) (1)
8. If (Temperature is min) and (Humidity % is max) and (Wind_speed(kmm) is mid) then (evaluated-Load-Estimation is max) (1)
8. If (Temperature is min) and (Humidity$% is max) and (Wind_speed(km/m) is max) then (evaluated-Load-Estimation is max) (1)
10, If (Temperature is mid) and (Humidity$s is min) and (Wind_speed(kn/h] is min) then (evaluated-Load-Estimation s bm) (13
11, If (Temperature is mid) and (Humidity%s is min) and (Wind_speed(km) is mid) then (evaluated-Load-Estimation is bm) (1)
12, If (Temperature is mid) and (Humidity2s is min) and (AWind_speed(kmi) is max) then (evaluated-L oad-Estimation is bm) (1)
13, If (Temperature is mid) and (Humidity2% is mid) and (Wind_speed(kmi) is min) then (evaluated-Load-Estimation is bm) (1)
14 If (Temperature iz mid) and (Humidity2% is mid) and (Wind_speed(km/) is mid) then (evalusted-Load-Estimation is bm) (1)
15, If (Temperature is mid) and (Humidity26 is mid) and (Wind_speed(km/) is max) then (evaluated-Load-Estimation is bm) (1)
1E. If (Temperature is mid) and (Humidity?6 is max) and (Wind_speed(km/A) is min) then {(evalusted-Load-Estimation is bm) (1)
17. If (Temperature is mid) and (Humidity36 is max) and (Wind_speed(kmi) is mid) then (evalusted-Load-Estimation is bm) (1)
18. i (Temperature is mid) and (Humidity9s is max) and (Wind_speedkmm) is max) then (evaluated-Load-Estimation is bm) (1)
19, If (Temperature is max) and (Humidity$s i min) and (Wind_speesdi{knih) is min) then (evaluated-Load-Estimation is mid) (1)
20. If (Temperature is max) and (Humidity2s is min) and (Wind_speed(km/m) is mid) then (evaluated-L oad-Estimation is mid) (1)
21 If (Temperature is max) and (Humidity®s is min) and (Wind_speed(km/m) is max) then (evaluated-Load-Estimation is mid) (1)
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Figure 9. Rule viewer of FIS

The end of results shown in Table 2. The base of per unit system 470 KW (470 KW represents the
maximum load in western substation plant at Baaquba city-Diyala governorate-lraq) for one day 31/12/2018

at the time interval from 29/12/2018 to 4/1/2019.
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Table 2. Real power consumption in kilo watts and the evaluation of electrical load estimation in one day

5.

Time (hour) Real power consumption in Real power consumption divided by 470 Electrical load estimation in
kilo watts KW in per unit system per unit system
8:00am 340 0.723 0.700
9:00am 330 0.702 0.680
10:00am 317 0.674 0.653
11:00am 400 0.851 0.824
12:00am 400 0.851 0.824
1:00pm 390 0.829 0.804
2:00pm 341 0.725 0.703
3:00pm 343 0.729 0.707
4:00pm 320 0.680 0.659
5:00pm 320 0.680 0.659
6:00pm 380 0.808 0.783
7:00pm 450 0.957 0.927
8:00pm 470 1 0.969
9:00pm 320 0.680 0.659
10:00pm 350 0.744 0.721
11:00pm 390 0.829 0.804
12:00pm 417 0.887 0.859
1:00am 412 0.876 0.849
2:00am 380 0.808 0.783
3:00am 360 0.765 0.742
4:00am 330 0.702 0.680
5:00am 387 0.823 0.797
6:00am 418 0.889 0.861
7:00am 440 0.936 0.907
CONCLUSION

The electrical stack estimation is outstandingly profitable to supervise the electrical control system.

And three input parameters(temperature, humidity and the speed of the wind) are taken into thought to
advancement the comes around and getting more precision in evaluating the comes almost that talking to
control utilization in one day. It is especially important to create a choice by taking into thought these
evaluated readings that come to from the proposed FIS that shown in this paper with accuracy of 0.969 from
the genuine stack request. The results will be very helpful to making studies or analysis of electrical power
system and designing a reliable distribution power system.
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