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ABSTRACT

Electrical load forecasting is an essential activity and important function in power
plant generation planning. It helps the plant involved to make appropriate decision on
planning like shutdown or turnaround, decision on purchasing and generating electric
power, load switching and infrastructure development. This report discusses the
approach for short term load forecasting using fuzzy logic model. A background
study concerning the importance of load forecasting in Gas District Cooling of
Universiti Teknologi PETRONAS 1s portrayed. Literature review written consists of
brief explanation of forecasting as well as few factors that affect the forecasting such
as day type of forecast day, weather condition and previous load of the demand.
These factors contribute great impact to distinguish weekly electricity load behavior.
In order fo achieve minimum error of forecasting, a suitable method which is using
fuzzy logic approach is proposed. The fuzzyTECH software is used in developing a
week to week ahead load forecasting model, together with Microsoft Excel. The
model was tested and gives the results of satisfactory forecasting error. The model
used is improved in order to obtain higher accuracy of load forecasting when it is

testing with the actual data.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Forecasting demand is an essential activity and is one of the most important
functions in power system planning and development. The field of forecasting is
concerned with approaches to determining what future holds. It is also concerned
with the proper presentation and use of forecasts [1]. Besides, the electricity
generation cost also can be minimized as well as the electricity tariff can be

controlled [2].

In Universiti Teknologi PETRONAS (UTP), the main power supply comes from Gas
District Cooling (GDC) plant and from utility company Tenaga Nasional Berhad
(TNB) as a backup. GDC consist of 2 no’s of 4.2 MW generators, with maximum
capacity of 8.4 MW. During normal operation, the generators are operating in island
mode but during emergency, generators are parallel connected to TNB [3]. GDC
plant is designed to produce electrical power and chilled water for UTP campus and

in-plant use.

Electrical load forecasting can be divided into three categories: short-term forecasts
which are usually from one hour to one week, medium forecasts which are usually
from a week to a year, and long-term forecasts which are longer than a year. The
forecasts for different time horizons are important for different operations within a

utility company. The natures of these forecasts are different as well [4].

Different categories of load forecasting apply different type of models. The end-use
modeling, econometric modeling, and statistical model-based learning are the most

often used methods for medium and long-term forecasting. Meanwhile, variety of

1



techniques such as regression methods, time series, neural networks, expert systems,
support vector machines and fuzzy logic have been developed for short-term load

forecasting.

The importance of electricity demand forecasting needs to be emphasized at all level
as the consequences of under or over forecasting the demand are serious and will
affect power plant company. If under estimated, the result is serious since plant
installation cannot easily be advanced, this will affect the economy, business, loss of
time and image [5]. If over estimated, the financial penalty for excess capacity as 1t 18

over estimated and wasting of resources.

Thus, throughout this project the data gathered from GDC-UTP are used for
modeling short-term load forecasting specifically fuzzy logic model, in order to
minimize the electricity consumption cost and reduce energy wastage during the

generation period.



1.2 Problem Statement

1.2.1 Problem Identification

The operation and planning of a power plant requires an adequate model for electric
power load forecasting. The reliability and effectiveness of the GDC-UTP plant can
be determined by its performance. Many factors should be considered in electricity
forecasting such as time factors, weather data; meteorological condition, calendar

effects and the previous data load.

Since the electricity demand is fluctuating, complex and full off uncertainty, it needs
a method to deal with it. The Fuzzy Logic System is applied which 1s the
generalization of the usual Boolean logic used for digital circuit design. Under fuzzy

logic, an input has associated with it a certain qualitative ranges.

1.2.2 Significant of the Project

The forecasting of power plant daily operation and is important for the economic and
secure operation of power system. This project applied the Short Term Load
Forecasting (STLF) method to predict daily consumption of GDC-UTP, by having
one week ahead forecasting. Information derived from the STLF is significant o the

system management of weekly, daily and hourly operation [6].



1.3 Objectives and Scope of Study

1.3.1 Objectives

The main objective of the study is to construct the Fuzzy Logic model to forecast

UTP load demand data. The following sub-objectives were to be achieved from this

study:

¢ To analyze historical UTP load demand data.

* To analyze the fundamental of Fuzzy Logic

¢ To understand the electricity demand behaviour of UTP.

s To produce a reliable and accurate forecasting model simulation
of load forecasting by reducing the percentage error between the

forecast and actual value of the load.

1.3.2 Scope of Study
In this project, the scope of the study will cover the following areas:

¢ Short term load demand in Universiti Teknologi PETRONAS.
e Historical data of electricity generated from GDC-UTP.
¢ Fuzzy Logic as a technique used in the forecasting method.

o fuzzTECH 5.52 software as the electricity forecasting tool.



1.4 Relevancy of the Project

This projects aims to minimizing electricity production costs by minimizing the
amount of energy wastage during generation aligned with the Malaysian Government
Green Technology Campaign; to reduce the energy usage. Thus, an accurate
prediction for the electricity demand is very important to ensure suffictent,

continuous and reliable supply to the consumers.

The forecast accuracy; Mean Absolute Percentage Error (MAPE) is measured based
on the error statistic of forecast between the models for one week step. The overall
MAPE is calculated by taking into calculation each week’s MAPE. The lower overall

MAPE shows a better accuracy of the forecasting model.

1.5 Feasibility of the Project

This project will be conducted for two semesters. This includes system research,
development and improvement. In this project, the data for electricity consumption
throughout the 26 consecutive weeks were obtained from GDC-UTP. The data was
taken from both Jan 2010 and July 2010 semester, starting from 4 January 2010 until
4 July 2010, and for from 5 July 2010 until 31 Dec 2010 respectrvely (refer to
Appendix A and Appendix B). This project is feasible to be conducted within the

time frame and scope.



CHAPTER 2

LITERATURE REVIEW

2.1 Electrical Load Forecast

Load forecasting is very important nowadays for developed and developing countries
to consume electricity efficiently. This concept come out when developed countries
do not want to waste electricity and developing counfries cannot waste electricity.
After all, forecasting for future load demand requirement is the most important key

for power system planning [7].

Forecast, by definition means the prediction of future events and conditions [8]. The
term electricity forecasting referred to the act of making prediction on the future
electricity demand using a certain method. The factors that may affect the forecasting

result were taken into account.

Different type of forecasting methods is useful for different types of systems and
defines the size of the system. Short term Forecasting — as hourly, daily or weekly
forecasting; Mid- Range Forecasting — extend from a month to one year; and Long
term Forecasting — ranging from one year to ten years. The short term load
forecasting is especially significant er economic load dispatch, load management
scheduling and optimum power flow with minimum transmission loss, fuel

management and contingency planning.

The demand of electricity forms the basis for power system planning, power security
and supply reliability. The need for forecasting models that evaluate the electric
consumption with the highest level of accuracy is underlined by the black-outs for

the whole Malaysia that occurred 1n 2005.



The relevance of forecasting demand for the utility company has become a much-
discussed issue in the recent years which led to the development of new tools and

methods for forecasting in last two decades.

2.2 Important Factors for Electricity Forecasting

During project research and development, there are several factors that may affect
the electricity demand forecasting result. Based on the scope of location whereby this
project was conducted, which is University Teknologi PETRONAS, the following

input variables have been taken into account:

2.2.1 Previous week load consumption

From the study of the load data, it was found that the load demand on a particular
day in a week and a week before is not much in difference. The load at a given hour
is dependent not only on the load on the previous hour but also on the load at the
same hour of the previous day. However, the load on particular day for this week and

the last week, or the week before may be almost similar.

Hence, it is assumed that the load curve is somewhat similar to the load curve on the
previous day. Thus, the previous load data could give significant contribution 1n

forecasting the load.

2.2.2 Day type

There are significance differences in load consumption between weekdays and
weekend. Load on different weekdays in the same may behave differently. The type
of the day can be classified into two class; public holiday and normal working day.
During public holiday, the normal electricity consumption may drop drastically,

compared to normal working day.



Load Comparison during Semester Off and Semester On
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Figure 2.1: Load Comparison during Semester Off and Semester On

2.2.3 Semester type

The electricity demand rises when semester is on and drops during semester breaks.
Thus, it is necessary to include the type of semester; on and off as the input. The
graph in Figure 2.1 shows that the electricity demand during semester on (22
February until 3 Mac 2010) is slightly higher than the demand during semester off (4
until 24 January 2010).

During semester on, the activities conduct will increase the electricity demand,
meanwhile during semester off, less activities conducted contribute to the lower
demand of the load.



2.2.4 Day temperature

The influence of weather in energy consumption, particularly electricity demand, has
been widely reported in the past. The weather condition will affect the day
temperature. In fact, forecasted day temperature is the most important factors in

short-term load forecasting.

From the data performance, the day temperature 1s interrelated with the electrical
load demand. For example, during the hot day, the temperature rise will lead to
higher electricity consumption when the fan speed is increase. However, when the
weather is cold, the temperature is reduced lead to lower consumption of electricity

as air-conditioner and the fan speed is reduced.

2.3 Fuzzy Logic Theory

In using our everyday natural language to import knowledge and information, there
is a great deal of impression and vagueness. For example, question hke “We're
thinking of bringing Mr. X in on this next project: how do you feel about 1t?7” with
answers like “I really don’t think it’s very good, but if there’s no one more
appropriate, that’s the way 1t goes” are the kind found in everyday events. It is
inexpedient to discuss this “yes” on the same level with “yes” of “Mr.X is certainly

most appropniate.” [9].

For this reason, university of California Professor L.A. Zadeh extended the two-
valued evaluation of 0 or 1, {1,0}, to the infinite number of values from 0 fo 1, [0,1],
and advanced the concept fuzzy sefs at the beginning of the 1960s, publishing a paper
in Information and Control entitled “Fuzzy Sets” in 1965,



Here { } brackets are used to indicate sets, but square [ ] brackets and parentheses ( )
are used to denote real-number closed intervals and open intervals, respectively. For

example, they are used as follows:

[0,1]= {xl0<x <1},
(0,1)={xlo<x <1},
[0,1)= {xl0<x <1},

The first publication on fuzzy logic, which also coined its name, dates back to 1965.
It was written in the US. by Lotfi Zadeh, Professor of Systems Theory at the
University of California, Berkeley. From there, the history of fuzzy logic follows the
pattern of number recent technologies: invented in the U.S., engineered in Europe,

and mass-marketed in Japan [10].

In addition, Zadeh used the term membership function instead of characteristic

function.

In contrast to binary sets that having binary logic (crisp logic), the fuzzy variables
may have memberships values of not only 0 or 1. The values can range from 0 to 1.

The difference between binary sets and fuzzy logic are as follows:

An ordinary subset A of a set U is determimmed by its indicator function, or

characteristic function XA defined by:

1, x €0
XA(x)={0 x €0

10



The degree to which the value of a technical figure satisfies the lingstic concept of
the term of a ]ingujsﬁc variable is called degree of membership. For a continuous
variable, this degree is expressed by a function called membership function (MBF).
The membership functions map each value of the technical figure to the membership

degree to the linguistic terms. The technical quantity is called the base variable [11].

The fuzzy logic usually is applied for the non-numeric linguistic variables. It 1s often
used for facilitating the expression of rules and facts. The Fuzzy Logic uses IF-
THEN rules which employ the linguistic variables (fuzzy variables) whose values are

in the linguistic terms,

The rules are usually expressed m the form [12]:
I variable 1S property, THEN action

For multiple inputs, the following rule applied:

IFxISaandyISh THENzisc

As Fuzzy Logic method is being used in this project, the basic configuration is

shown in Figure 2.2. The basic elements in fuzzy system are:

a) Fuzazfication : mapping from the observed non-fuzzy input space to the fuzzy

sets.

b} Fuzzy Rule Base: a set of linguistics rules or conditional statements in the
form of “IF a set of condition IS satisfied, THEN a set of consequences are

inferred”[11].

¢} Fuzzy interference machine: decision making logic performing the

interference operations of the fuzzy rules.

11



d) Defuzzification interface: defuzzifies the fuzzy outputs of the fuzzy inference
machine and generates a non fuzzy (crisp) output which is the actual output

of the fuzzy system [13].

Fuzzy Rule
Base
non-fuzzy
non-fuzzy output
mput v \ 4
Fuzzification Defuzzification
—_— Interface tnterface — >
F 3
v
Fuzzy
o Inference
Machine

Figure 2.2: Basic Configuration of Fuzzy System
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CHAPTER 3

METHODOLOGY/PROJECT WORK

3.1 Project Work Identification

In this project, two main software are required, the fuzzyTECH and Microsoft Excel.
fuzzyTECH i1s the software for fuzzy logic-based solution. This software provides
simple user interface for developing the load forecasting model especially for

beginners since all the fuzzy logic algorithm are embedded within the program.

However, fuzzyTECH does not provide the interface for data management.
Alternatively, fuzzyTECH can be linked together with the software for data
mterfacing such as the Microsoft Excel. The Dynamic Data Exchange (DDE) Links
function, which is embedded inside the fuzzyTECH, can be used to link the system
with the worksheet of the Microsoft Excel.

Data gathering is collected from GDC- UTP and will be analyze. The data analysis
will be based on categories fixed, such as by a week or by a semester. Then, the

model will be simulating using fuzzyTECH software and will be tested to venfy it.

From the data obtained, the trending for load consumption are analyzed and grouped
into different range. Then, the membership functions were established. The
membership function of a fuzzy set i1s a generalization of the indicator function in
classical sets. In fuzzy logic, membership function represents the degree of truth as
an extension of valuation [14]. The next part is the construction of the Fuzzy TF-
THEN Rule Blocks for each forecast output.

13



3.2 System Design and Construction (Stage 1)

The model design consists of Input-Linguistic Variables, Rule Blocks and Output-
Linguistic Variables as shows in Figure 3.1. The current existing model was
developed by using the system design approach as shown in Figure 3.2.

ONE WEEK STEP AHEAD ELECTRICITY FORECASTING MODEL

&4. DT-“"\ M|
— L2l ~ DFL.E:_‘:«“W FL_Monp—AFLMon 2B\
(7 Sen T son.Tipe
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7 01 tuwg}— 011w Ll SR\
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ﬁ ¥ lm_,lm}-—-"' Terp Tues 0, i,

B
L
B D" g_‘_—m FL_Wed FLwed  SD
(T Temp Wedh—1Tomo.Wed iy,
el
AEd
AT e PO B
D;jf' YWJMJ"—-—ﬂ '".'M M M g
]
AES

B 0T _Fap. :
’ - o1 fn 1A

Figure 3.1: Forecasting Model Projector Editor
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Gather actual load generated from GDC-UTP

L

Define inputs and output variables

4

Analyzing the reationship between input and
output parameters

4

Establishing the membership functions

e

4

Construction of Fuzzy Rule Block

T

3

Perform the simulation

e

4

Perform error analysis

|

{ Tuning Proce

)

Satisfied?

Yes

Forecasted data of high accuracy

H

Figure 3.2: Flowchart for System Design Approach
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Then, the membership functions for all linguistic variables can be established. This
membership degree is represented by a value in the range of 0 and 1. A membership
degree of 0 means no membership at all while a degree of 1 means absolute

membership. Figures below show the membership of input and output variable.

Liadal
0

public

T I Re

- Tem WL IV S W
' 100 e G
08}
06|
§ | 04|
f; “.‘"H !}
5 02}
Z’KI T
7 0.0 1=
g-sei 3000

Figure 3.4: Membership function for input variable of Load Previous Weekday
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The next part is the construction of the fuzzy IF-THEN rule blocks. These rule

blocks are the medium that connect system inputs and system outputs based on the

If-Then rules. In Figure 3:8 below, the ‘IF” column shows the input variables as the

precondition of fuzzy rules. The ‘THEN’ column shows the output variables as the

conclusion or consequence of the condition.

HiH

LT LERR

p , F

" DT Hen Load Prey Weekdy  Sem_Type Weekday  Temp Do FL Mon

L 1 omd A Sem_On Tigh 0%0 H

C2pomd  H s n il ]

3 o M Sem_On ven_high 100 WH

4 omd W Sen, On edin 100 W

5 nomd M Sem_On ven.figh mw

| 6 nomd W Sem_On vety_high 100 WH

7 nomd WH Sem_On very_high 090 VH

| 6 omd W Sen_ 01 i mN

8 nond WH Sen_On ety high 100 WH o

gw omd  WH Sen_On Tigh mww

|11 nomal VH Sem_On ‘vety_high 100 VM

E{ 12 nomd W Sem_On Tigh 080 WH

13 omd H Sen_0f high 07 WL e
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Figure 3.8: An example of Monday Rule Block
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3.3 Program Simulation Process

Then the simulation began when user activating the Debug Interactive Mode button.
The input is inserting in the Data Input column in Microsoft Excel as shown in Table
3.1. The input in term of crisp value then will be sent to the fuzzyTECH software
through Dynamic Data Exchange (DDE) Link. The value of the forecast output will
be computed, referning to the respected membership function values and the rule
base. The output values then can be sent back to Microsoft Excel column address in

the DDE Link Window, for easier management.

INPUT

WEEK
Insert previous weekday actual average load kW
Insert previous week actual Saturday load kW
Insert previous week actual Sunday load kW

Insert forecast Monday maximum temperature

Insert forecast Saturday Temperature

Insert forecast Sunday Temperature

Insert forecast Weekday semester type

Insert forecast Saturday Sem type

Insert forecast Sunday Sem type

Insert forecast Monday Day type

Insert forecast Tuesday Day type

Insert forecast Wednesday Day type

Insert forecast Thursday Dav type

Insert forecast Friday Day type

Insert forecast Saturday Day type

Insert forecast Sunday Day type

Insert forecast Tuesday maximum temperature

Insert forecast Wednesday maximum temperatine

Insert forecast Thursday maximum temperature

O 0 [0 0

Insert forecast Friday maximum temperature

Table 3.1: An example of Input Column m Microsoft Excel

19




OUTPUT

DAY F A F-A ABSF-A ERROR
MONDAY

TUESDAY
WEDNESDAY

THURSDAY
FRIDAY
SATURDAY
SUNDAY

MAPE:

Table 3.2: An example of Qutput Column in Microsoft Excel

3.4 Error Calculation

The mean average percentage error {MAPE) is computed in terms of weekly MAPE.

The MAPE calculation of semester on and semester off can be calculated as follows:

|Actual load — Forecast load|

P bsolute E =
ercentage Absolute Error Actual load

x 100%

Pi— Pi

N
1
MAPE = N Z X 100%
i=1

P

Equation (3.4)

Where PA is actual load, PF is the forecasted load and N is the number of data

points,

20



3.5 Process Fine Tuning

If the forecasted result shows high MAPE, then a process called fine tuning needed
to be done. The fine tuning process is a trial and error process, that is repeated during
simulation until an optimal result or an accurate model is obtained. The fine tuning
involves the process of specifying and editing the IF-THEN rules as well as the DoS

for the rules.

First of all, the number of rules in each block, and the configuration the rule were
maintained. The manual adjustment will be started from the first rule block, which is
the rule block for forecast day, for example Monday. In this process, all 26 weeks
will be run one by one. In every week that was run, to which rules (in rule block

Monday) 1t was related to will be noted and recorded.

Manually refine IF-THEN rule blocks +—

Readjust the relevant DOS

v
Check Forecast Results

A J
Recalculate % Error

!

Is MAPE NO
optimal?

l YES

Figure 3.9: Process of Fine Tuning
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After all the 26 weeks data has been gathered, weeks that may be sharing the same
rules are grouped. By doing this, we now know which rules are affected the
particular weeks output. Then, adjustment can be made to the Degree of Support of
the respective rules, so that the percentage error between forecast value and actual
load value on Monday is minimum and balance. The same action was repeated for
Tuesday, Wednesday, Thursday, Friday and Saturday.

3.6 System Expansion (Stage 2)

In this stage, the membership function for the linguistic variable ‘Temperature’,
‘Load Previous’ and ‘Forecast Load’ is expand. The purpose of this expansion is to

increase the accuracy of the forecasting and drop off the resulted error. Figure 3.10

show an example for the expansion of membership function.
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Figure 3.10: The Previous and New Membership Function

3.7 System Testing (Stage 3)

In this stage, the system is testing with the 2011 real time data for 26 weeks. The
system was tested and checked for its accuracy without having any changes or
modification. The datasheet for the electricity load demand and average daily
temperature of year 2011 starting from 3" January 2011 until 3 July 2011 were
available in Appendix C.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Simulafion Result

4.1.1 Program tested using load demand data of year 2010

Week MAPE
Stage Stage 2
1 501 389
7 4.46 4.62
3 7.06 594
4 7.77 982
5 5.87 4.80
6 592 473
7 9.85 12.33
8 4.02 11.68
9 11.49 9.81
10 423 in
11 5.37 2.89
12 8.38 5.52
13 625 242
14 6.16 491
15 8.94 7.85
16 9.27 289
17 11.09 8.90
18 6.76 577
19 3.44 1.31
20 17.83 1.58
21 474 6.65
22 6.96 8.96
23 5.37 2.68
24 378 3.
25 3.37 2.38
26 6.53 7.79
AVERAGE 7.00 592

Table 4.1: Overall Error Analysis (MAPE) for year 2010
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4.1.2 Program tested using load demand data of year 2010 (semester on)

Week MAFE
~ Stage 1 Stage 2
4 777 9382
5 5.87 4.80
6 5.92 4.73
7 9.85 12.33
8 4.02 11.68
9 _ 11.49 9.81
10 423 372
i2 8.38 5.52
13 6.25 242
14 6.16 491
15 894 7.85
16 9.27 2.89
17 11.09 8.90
18 6.76 377
19 3.44 1.31
20 17.83 1.58
21 4.74 6.65
22 6.96 896
AVERAGE 71.72 6.70

Table 4.2: Error Analysis (MAPE) for year 2010 during semester on

4.1.3 Program tested using load demand data of year 2010 (semester off)

Week MAPE

Stage 1 Stage 2

! 6.05 3.89

2 4.03 4.62

3 7.05 5.94

11 9.25 2.89

23 323 2.68

24 4.99 3.01

25 8.38 2.38

26 6.89 7.79
AVERAGE 5.11 4.15

Table 4.3: Error Analysis (MAPE) for year 2010 during semester off
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4.1.4 Program iested using load demand data of year 2011

Week MAPE
Stage 3
1 2857
2 18.12
3 21.77
4 13.27
5 4870
6 25.69
7 29.93
8 3.64
9 4.63
10 9.28
11 4.18
12 492
13 4.96
14 7.92
15 925
16 14.82
17 10.00
I8 14.60
19 9.75
20 14.1%
21 3.24
22 43.30
23 6.40
24 4.30
25 4545
26 40.93
AVERAGE 10.54

Table 4.4: Overall Error Analysis (MAPE) for year 2011
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4.2 Discussion

The result of the fuzzy logic model will be shown in Interactive Debug Mode

window.
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Figure 4.1: Interactive Debug Mode window

The output was computed based on Center of Maximum (CoM) deffuzification
method.
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Figure 4.2: Output vanable for forecast load on Monday
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The fuzzy logic controller uses the following equation to calculate a weighted

average of the forecast values.

. _ 3965.5(0.6)+4367.7(0.6)+4568.9(0.4)
forecast — (0.6+0.6+0.4)

= 4266.98

In Stage 1, the system was created based on load demand data of year 2010, The
system has an average MAPE of 7.00%. During semester on, an average MAPE 1s
7.72% whereas semester off yield the result of 5.11%. This condition happens
probably due to unstable pattern of load demand.

In Stage 2, the system was a new system; using same data system. An overall
average MAPE is slightly lower, which is 5.92%. Meanwhile, during semester on the
resulted MAPE is 6.70% and 4.15% during semester off. The error decrease as the
membership function (MBF) had been expanding. When MBF increase, this wall
allocate more terms to represent the condition stated. The rule blocks also become
dense as the possibilities of rule blocks increase. The membership function and rule

blocks that were used when running the program can be seen in Appendix D.

In Stage 3, the system was tested with real time data of year 2011 and resulted in
higher forecast error, compared to the year 2010. One of the reasons is the changing
in load demand pattern, from year 2010 to year 2011. Besides, the changing system
of UTP from two-semester of study to three-semester of study also contributes to the

different pattern of load demand.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The electrical load forecast for GDC 1s essential for the pre-planned scheduling and
maintenance. As the main objective of the study is construct the Fuzzy Logic model
in forecasting UTP load demand data, it had been achieved. The historical UTP load
demand data and the electricity demand behaviour of UTP also can understand.
Further study need to be explored to achieve the better result and as well as to

improve in the future of load forecasting.

In this study, short term load forecasting was performed for two semester series,
January and July 2010. The rule block properties like DoS and IF-THEN rules

should be significant in showing the decrement and increment in the MAPE.

5.2 Recommendation

It i1s recommended to add the linguistic variable “Sem Type” to the rule block
Thursday and Friday. The model needs to expand the membership function and
increase the number of rules. If the numbers of rules are increased, this may improve
the system model accuracy. The Degree of Support (DoS) of the respective rules also
needs to be taken into consideration. The forecasting methodology with fuzzy
parameters should give the forecasting results and below the range of 5% MAPE.
The figure shows the recommended system with the linguistic variable “Sem Type”

added to the respective rule block.
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ONE WEEK STEP AHEAD ELECTRICITY FORECASTING MODEL

Figure 5.1: Suggested Project Editor
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APPENDIX D

Membership Function and Rule Blocks of Fuzzy Logic System

1) Membership Function
Condition Linguistic terms fuzzyTECH Membership Function
Definiton
Input Variable
Day Type
public Public Holiday 1
normal Normal day 2
Semester Type
Sem_Off Semester Break 1
Sem_On Semester On 2
Previous Weekday Average Load
Tremendously Low VVV VVVL 1900-2116 kW
Vastly Low VYV _VVVL 2116-2332 kW
Extiremely Low V VVVL 2332.2548 kW
Greatly Low VVVL 2548-2764 kW
Very Very Low VVL 2764-2980 kW
Very Low VL 2980-3196 kW
Quite Low LLL 3196-3412 kW
Medium Low LL 3412-3628 kW
Low L 3628-3844 kW
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Medium

M 3844-4060 kW
High H 4060-4276 kW
Medium High HH 4276-4492 kW
Quitc High HHH 4492-4708 kW
Very High VH 4708-4924 kW
Very Very High VVH 4524-5140 kW
Greatly High VVVH 5140-3356 kW
Extremely High V_VVVH 5356-5572 kW
Vastly High VV_VVVI 5572-5788 kW
Tremendously High VVV_VVVH 5788-6000 kW
Previous Saturday Load
Extremely Low V_VVVL 1900-2107 kW
Greatly Low VVVL 2107-2314 kW
Very Very Low VVL 2314 -2521 kW
Very Low VL 25212728 kW
Quite Low LLL 2728-2935 kW
Medinm Low LL 2935-3142 kW
Low L 3142-3349 kW
Medium M 3349-3556 kW
High H 3556-3763 kW
Medium High HH 3763-3970 kW
Quite High HHH 3970-4177 kW
Very High VH 4177-4384 kW
Very Very High VVH 4384-4501 kW
Greatly High VVVH 4591-4798 kW
Extremely High V_VVVH 4798-5000 kW
Previous Sunday Load
Vastly Low VV-VVVL 1900-2112 kW
Extremely Low V_VVVL 2112-2324 kW
Greatly Low VVVL 2324 .2536 kW
Very Very Low VVL 2536-2748 kW
Very Low VL 2748-2960 kW
Quite Low LLL 2960-3172 kW
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Medium Low

LL 3172-3384 kW
Low L 3384-3596 kW
Medium M 3596-3808 kW
High H 3808-4020 kW
Medium High HH 40204232 KW
Quite High HHH 42304444 ©W
Very High VH 44442656 kW
Very Very High VVH 4656-4868 kW
Greatly High VVVH 4868-5080 kW
FExtremely High V VVVH 5080-5292 kW
Vastly High VV_VVVH 5292-5500 kW
Average Temperature for a Week (Monday to Sunday)
Humid VVVL 250259 VC
Wet VVL 259269 °C
Rainy VL 26.9-27.9°C
Cool LLL 27.9-28.9°C
Cold LL 28.9-29.9°C
Chilly L 29.9-30.9 °C
Average M 30.9-31.9°C
Warm H 31.9-32.9°C
Bright HH 32.9-33.9°C
Sunny HHH 339:349°C
Very Sumny VH 34.9-35.9°C
Hot VVH 35.9-36.9°C
Very Hot VVVH 36.9-379°C
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Output Variable

Forecasted Load Demand: Monday

Tremendously Low VVV_VVVL 1900-21 16 kW
Vastly Low VV VVVL 2116-2332 kW
Extremely Low YV _VVVL 23322548 kW
Greatly Low VVVL 2548-2764 kW
Very Very Low VVL 2764-2980 kW
Very Low VL 2980-3196 kW
Quite Low LLL 3196-3412 kW
Medium Low LL 3412-3628 kW
Low L 3628-3844 kW
Medium M 3844-4060 kW
High H 4060-4276 kW
Medium High HH 4276-4492 kW
Quite High HHAH 4492-4708 kW
Very High VH 4708-4924 kW
Very Very High VVH 4924-5130 kW
Greatly High VVVH 5140-5356 kW
Extremely High V_VVVH 5356-5572 kW
Vastly High VV VVVH 5572-5788 kW
Tremendously High VVV_VVVH 5788-6000 kW
Forecasted Load Demand: Tuesday

Tremendously Low VVV_VVVL 1900-2121 kW
Vastly Low VV_VVVL 2121-2342 kW
Extremely Low V VVVL 23422563 kW
Greatly Low VVVL 2563-2784 kW
Very Very Low VVL 2784-3005 kW
Very Low VL 3005-3226 kW
Quite Low LLL 3226-3447 kW
Medium Low LL 3447-3668 kW
Low L 3668-3889 kW
Medium M 3889-4110 kW
High H 4110-4331 kW
Medium High HH 43314552 kW
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Quite High HHH 4552-4773 kW
Very High VH 4773-4994 kW
Very Very High VVH 4994-5215 KW
Greatly High VVVH 5215-5436 kW
Extremely High V_VVVH 5436-5657 kW
Vastly High VV VVVH 5657-5878 kW
Tremendously High VVV_VVVH 5878-6100 kW
Forecasted Load Demand: Wednesday

Tremendously Low VVV_VVVL 2000-2237 kW
Vastly Low VV_VVVL 22372474 kW
Extremely Low V VVVL 24742711 kW
Greatly Low VVVL 2711-2948 kW
Very Very Low VVL 2948-3185 kW
Very Low VL 3185-3422 kW
Quite Low LLL 3422-3659 kW
Medium Low LL 3659-3896 kW
Low L 3896-4133 kW
Medium M 4133-4370 kW
High H 4370-4607 kW
Medium High HH 4607-4844 kW
Quite High HHH 4844-5081 kW
Very High VH 5081-3318 kW
Very Very High VVH 5318-5555 kW
Greatly High VVVH 5555-5792 kW
Extremely High V VVVH 5792-6029 kW
Vastly High VV_VVVH 6029-6266 kKW
Tremendously High VVV_VVVH 6266-6500 kW
Forecasted Load Demand: Thursday

Tremendously Low VVV_VVVL 19060-2121 kW
Vastly Low VV_VVVL 2121-2342 kW
Extremely Low V_VVVL 2342-2563 kW
Greatly Low VVVL 2563-2784 kW
Very Very Low VVL 2784-3005 kW
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Very Low

VL 3005-3226 kW
Quite Low LLL 3226-3447 kW
Medium Low LL 3447-3668 kW
Low L 3668-3889 kW
Medium M 3889-4110 kW
High I 4110-4331 kW
Medium High HH 43314552 kW
Quite High HHH 45524773 kW
Very High VH 4773-4994 kW
Very Very High VVH 4994-5215 kW
Greaily High VVVH 52153436 kW
Extremely High V_VVVH 3436-5657 kW
Vastly High VV VVVH 5657-5878 kW
Tremendously High VVV_VVVH 5878-6100 kW
Forecasted Load Demand: Friday
Tremendously Low VVV VVVL 1900-2116 kW
Vastly Low VV_VVVL 21162332 kW
Extremely Low V_VVVL 23322548 kW
Greatly Low VVVL 2548-2764 kW
Very Very Low VVL 2764-2980 kW
Very Low VL 2980-3196 kW
Quite Low LLL 3196-3412 kW
Medinm Low LL 3412-3628 kKW
Low L 3628-3844 kW
Medium M 3844-4060 kW
High H 4060-4276 kW
Medium JTigh HH 42764492 kW
Quite High HHH 4492-4708 kW
Very High VH 4708-4924 kW
Very Very High VVH 49245140 kW
Greatly High VVVH 5140-5356 kW
Extremely High V VVVH 5356-5572 kW
Vastly High VV_VVVH 5572-5788 kW
Tremendously High VVV VVVH 5788-6000kW
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Forecasted Load Demand: Saturday

Vastly Low VV_VVVL 1900-2082 kW
Extremely Low V_VVVL 2082-2264 kW
Greatly Low VVVL 2264-2446 kW
Very Very Low VVL 2446-2628 kW
Very Low VL 2628-2810 kW
Quite Low LLL 2810-2992 kW
Medium Low LL 2992-3174 kW
Low L 3174-3356 kW
Medium M 3356-3538 kW
High H 3538-3720 kW
Medium High HH 3720-3902 kW
Quite High HAH 3902-4084 kW
Very High VH 4084-4266 kW
Very Very High VVH 4266-4448 kW
Greatly High VVVH 4448-4630 kW
Extremely High vV VVVH 4630-4814 kW
Vastly High VV_VVVH 4814-5000 kW
Forecasted Load Demand: Sunday

Vastly Low VV-VVVL 19002112 kW
Extremely Low V VVVL 2112-2324 kW
Greatly Low VYVL 2324 2536 kW
Very Very Low VVL 2536-2748 kW
Very Low VL 2748-2960 kW
Quite Low LLL 2960-3172 kW
Medium Low LL 3172-3384 kW
Low L 3384-3596 kW
Medium M 3596-3808 kW
High H 3808-4020 KW
Medium High HH 4020-4232 kW
Quite High HHH 4232-4448 KW
Very High vH 4444-4656 kW
Very Very High VVH 4656-4868 kW
Greatly High VVVH 4868-5080 kW
Extremely High V_VVVH 5080-5292 kW
Vastly High VV_VVVII 5292-5500 kW
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2) Rule Blocks

nornal Sem_0rff
rormal WO Sem_0 o
noimal HHH {Sem_Off
romaal WWOWAH iSem_Off
normal Sem_0 i
Sem Off HHG
Sem_Off HEH
SerH__EIfl mo
Sem_ Off AH
s em_J1f HH
Sem_0ff THH
Sem_Hf WH
Sem_Dff L
Sem_Off i
Sem_DIf [
Sem_0OIf iH
Sem_On HHH
Sem_DOn H
Sem_0n W
Sem_On HHH
1Sem_On HH
Sem_{in ) e
Sem_On el
o T
Sem_On H
éemvl:ln HH
SemOn  wH
Sem_On HHH
Sem_On iHH
Sem_GOn WH
Sem_On HHH
Sem_(n iL ’ o
Sem_Cn HH
Sem Onh HHH
YWYH Sem_On H
WWH Sem_Dn HHH
L Sam_On HH
VWH Sem_On HH
V_WAAH Sem_On HHH
HHH Sem_in VL -
HH Ser_On HH
WH Sem_On H
YoV Sem Dn H
W \WyH Ser_n HHH
Y AH Sern On HH
T om0 LL

Figure D.1: Rule Block on Monday
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2" nomnal WH
= ormal HHH
" naimal WH
v ?
,,,,, ) v : .
’ WAL HH
W_VWH HAH
WYY HH
B yWH VH A
“HH HHH HH
W ivH L T VA ’
VAR HHH W AVH
WA ARH VH VA VAVH
TR HH A WA
o v \WVH i AR
NAVH HEET W
""" W A HHH VANV
A AH i WARH
WA HHH W WVH
VA HH ek
A H o WH
i e H
MH HHH HHH
'L /i ML
HHH W VH
HHH TR - I
i T HHH WH
4 ol Ve HHH ViiH
Tremal W _WavH HHH VvH
I A H WH
HHH H HH
LL i HH L
“hAAH HH WiH
o VH HH W _AAH
Wy WVH H W_VWyH ]
WORH HH VOAAH i
T W AAH HH WH
EWH L WWH
WH A HHR
W HiHH VH
AWH M VevH
THHH H B -
IH o H 'HH
it i Mo iH
VA HHH e
IHH B HH WAL i
WL 1 M T
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Figure D.2: Rule Block on Tuesday



i tnomaal .
 Inomel WA HH _ 100 WWH
7 inamal LLL HH i 100 WH T
normat M_W’VH H T Y_WAH
narmal ) WA HHH 11,00 WWH
WA vH 10 A A N
AH HHHH 100 vwH
WAH THH 100 MoAWH
' T i A HH 100 A
Ay \ANH HHH 1.00 A VWYH
—— AH WA 10 A )
— W WH 1.00 MAH
VWH HAH 1.00 e
W AMAH H 100 AW WAL e
VAH HH 100 wH :
YA W 100 HHH N
H HHH 1.00 H -
- HHH i 100 K [
HHH HH 100 HH
T vH 19100 IHH 1
‘AHH HHH § 100 M
WWH M 1,00 HHH
WH M 100 IvH o
Wk HA 100w )
ek wy ey 100 P
WH H 100 ¥ "
\uH WAL 1 e
L HHH T
HH W 100 iL
L HH h 100 0L
TV H 100 wH
normal v i Vit weovH
ol VU WWH v 1100 VOAVH
' Y YH 100 M
Wt M T i
Ve HH TR
HHH H 100 |HHH
VIAVH HAH I R T I v
YH H 100 JHHH
Wl o 100 it
H HH 1.00 |H o
L 180 (H
M 1o e
HH 100 [
‘HHH Lo L )
o 1.00 M

Figure D.3: Rule Block on Wednesday
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0 normal VW _eH H 100 [V WAH
“inomal HH HHA 140 HHH
omal WAH WWH 1.00 W WwH
dnomal W YWH HHH .00 jVWWH
VAH AH 100 VA
YW Vi " 100 WA o
WH m 1.00 VW WAH o
VWi i 100 WAWH
WAAH HHH 100 v v
} WAH . H 100 wH
A WL VH 100 W_WVH -
VAH HHH 1.00 WYH
vy WH 100 WH
HHH T ’ 1.00 {HHH
T W 100 N T
P e S
M HH
HHH vH -
wH HHH T e T
Tl L -3
Vi THH
WWH Wil L
""" HHH HH ) )
L H
; i nosmat T WH JHH
2 inomal Wy H )
S -5 normal WH ve
3 Y A VH
- Wi VH B o
VH LLL )
HHH ) HH
AL " ThHH
R H -
i HH
H M
T L o
il WL B
“HA M
VSTRR 1. W o N

Figure D.4: Rule Block on Thursday
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VWH WH 100 hWL
W HH 1.00 'WH
T HH 100 M
HHH HHH 100 wwH
G HHH £ 3.00 ILLL
Vi HH 1.00 |vvH
o HH 180 /WWH
T Thnam HH 1.00 MR
W AH VH 100 WV
WA HH 100 e
“IAHH HHH C00 (HHH
WY R HH £1.00 v Y
\VH {HHr F00 WWAH
TV wWH HMH 100w
WORVH vH 1oL
AN AR HHH .00 WAV NVH
W T A 100 L
VA HHH 100 A
VeH Vit '
V VAAH WH
WH M
HHH HHH
iH H
T HAH WL
*HHH M
" HHH HH
{HH kA
HH HH
e H
WvH ‘HHH
ViH iHi
WH {HHH
Tl HHH
WA H
B H
W YH H
Y THAH
WH H
H H
o BH
HHE H
_ "M LLL
2 hommal H - HH
: :Inormal H M
7 normal L LLL

Figure D.5: Rule Block on Friday
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T

. Sem_aff

Sem OF H
Sem_Off HH
Set_(i e
naimnal L Sem_0ff WH
nammal iL Sem 0Off VH
Sem OF HH
Sem_Dif HH
Sem_ Of HH
SemOf M
Sem_Of w
Sem_0f HHH
Sem I HH
Sem_QFff H
: Sem_Off HHH
5 nomal WL Sem_Off M Y
% public L Sem_Oh HHH
M Sem_ O HH
L Sem_Dn Y o
“:jnotmal ‘H o Sew_On HH
1. inomal M Sem_0Oh T
- tvmal {HH Sem_In HHH
“lnairal o Sem On HHH
4 nomal WH Sem_On
nomal L i Sem_Cn
Aromaal W {Sem_On B
ol {Sem_(In
HH iSam_Dn
Mo Sem_On o
HHH Sem On
L Sem_On
o 4 Sem_On
HHH 15em_On L
H Sem On W
5. normal iLL Sem_On iH
Cinoma LL Sem On HH
i Sem_On H
H Sem_COn HHH
Tl Sem_Gn HH
‘M {Sem_On HHH
AL Sem_On HH
M Sem_On }iHH
H Sem_On {HAH
H Eem_Or HH
HHH Sem_Cn HHH
M Sem_Un HH
L ) Sem_On L B
L ) Sem_On H
M Ger O HHH
nogmat M Sem_0On - HH
normal } H Sem _On H )
2" Apublic Iy Semn OHf I

Figure D.6: Rule Block on Saturday
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Sem_0If ! .
"""" VL Sem DN [RHH e T
n Sem,_OKf JHH P 1.00 WL
AL Sem O i {100 0L i
L Sem 04 JHHH oM
L Sem_Gff vy 100 WL
n “TSem_OK L 100 WAL
VWL T laem 0 H 100 vl
e Sem, O T o0 Wi
AR Sem_Off HH !
VL Sem_Off HHH
T Sem_Oif L
- WL Sem fiif i
VoL Sem_0if i M
WL Sem_Of L
i Sem. On THAH
v Sem O VH ’
cinosnal - \'8 Sem_0n L T
3 nOIrH;ilu v\.i'L ) Ser_On
’ M Sem_fn
R Sem_On -
N H Sem_On H
L Sem On i
o H Sem, On M "
;2 nomnal WOAVH Sem_0On HHH
3 ‘i normal ] Sem_On HH e
) L Sem_0n YH
_r.vi Sem On HHH
WL Sem_On L
N Serm_On WH )
M Sem_On HHH
iL Sem On MR
YL Sem_0n HH
B ~isemLDn IHH ,
w0 Sem O MR 100 (L
LiL Sem_On HH 100 Ll "
M Sem On FHH 100 i
Ctnomal in Sem_0n HHH 1.00 vl
' homal L Sem _0n HHH 100 |IiL T
: LEL Sem_On iHH 100 L _
: T Sem_On WH o0 i )
Inomal i {Sem_On (HHA 100 HHH -
< {nornal HHH Sem_0On \fﬁ 100 M
- namal M Geen_On HHH 100 L
i BT "|Ser_on “ILLL 100w
Inoimal WL Sem_On H 1oL
Tnomat i ” Sem_On ¥ 100 M
namial i - Sem_On iH 100 L
| nomal iL {Sem_On M ;L0 L

Figure D.7: Rule Block on Sunday

55



APPENDIX E

Activities/Gantt Chart and Key Milestone

Gantt Chart and Key Milestone FYP I

Gantt Chart and Key Milestone FYP IT

56



L8

1 dAd QUOISIIA] A2 pue Lrey) Buen ;[ ' 3[qe ],

o Hoday wueyul JO uolissIuIqng

® yoday e WL JO UOISSTGNS

[SPO 1507 AzzZn
azATeuy eleQq
Suuaygen vleq

s anunuod JIop 102loig

asuaje(] [esodoig

@ esuajo(q [esodoid papueixy JO UOISSTIGNS

91307 AZzn JO [BIUSWIBPUN] : MAIAY 2INJBIAII]
3unseda1o RO | MIIADY 2INJRINI
IOM YoIeasay Areurwiijaig

01807 Azzng Suisn Sunsesao] peo [eoLd9]g
:o1do 19afo1d Jo uondafesg




8s

11 d A QUOISII A3 pue wrey) Buen '7'H 2qe L

(punog preyy) uonepassi( j9efoig jo uoisstugng | 6

uonejussaid BIQ | 8

(Adoo yjos) poday uonepassig Jo uoisstuqng | £

uonIqIyxg 131504 | 9

JuawaAoidw] pue UOLEBIJIPOJA Y3 SZI[BUL]
: anunuod YIo A 19aloig

7 1oday ssaifoid Jo uoissmugng | p

JuawaAoIdwy [PPON
. anunuod Y104\ 193l01g

[ wodey ssaifoid Jo uoisstugng | 7

yiop 193fo1g




