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ABSTRACT

This final year project report presents an approach for shori-term load forecast
problem, based on fuzzy logic technique. As depicted in Chapter 1, in order for ali
generating stations to operate at maximum efficiency and minimum operating costs,
National Load Dispatch Centre must be able to forecast the load demanded by
customers. In addition, based on the literature reviews in Chapter 2, conventional
methods have several limitations such as require complex mathematical formulation
and very time consuming. Apart from that, there are several factors that affect short-
term load forecast such as time factors and weather conditions. In Chapter 3 of this
report, this project proposes a load forecasting method by using fuzzy logic approach,
based on similar days to obtain the next day forecasted load. The fuzzyTECH
software is used to develop a one-day-ahead load forecasting model together with
Microsoft Excel as the data interface. The test results, as shown in Chapter 4, show
that the proposed forecasting method could provide a considerable improvement of
the forecasting accuracy especially as it shows how to reduce forecast error to below
3%. Several recommendations for future immprovements are included in Chapter 5.
The suitability of the proposed approach is illustrated through an application to actual
load data of the National Load Dispatch Centre in Bangsar, Kuala Lumpur.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF STUDY

In Malaysia, specifically the peninsular, the government policies such as increases in
population, industrial expansion, housing areas etc will normally have big impact on
increase in electrical power consumption. Increases in socio-economic standards have
also resulted in direct increase in consumption. A number of years ago the use for air-
conditioning systems is considered a luxury. As the country increases its socio-
economic standards; the use of air-conditioning system on homes are becoming a
common necessity and hence the rapid increase in the rate of rise in consumption. A
similar phenomenon exists within the commercial and industrial consumers with the
rise in air-conditioning use. The central dispatching office like the National Load
Dispatch Centre (NLDC) in Bangsar {control centre) distributes the load among the
various generating stations so as to operate at maximum efficiency and minimum
operating costs. The NLDC normally has to predict daily and seasonal load changes

and to regulate the operation of generating units so as to maintain good stability.

1.2 PROBLEM STATEMENT

L.2.1 Problem identification

In order for all generating stations to operate at maximum efficiency and minimum
operating costs, NLDC must be able to predict the load demanded by their customers.
Therefore, this project requires load study analysis in order to perform shori-term

load forecast of Malaysia load demand using fuzzy logic technique.



1,2.2 Significance of the project

The purpose of an electrical power system is to generate and supply electrical energy
to consumers, The system should be designed and managed to deliver this energy at
utilisation points with both reliability and economy. Through this project, NLDC
should be able to predict the future load demand, in order to determine the total
amount of electrical power to be generated daily for both present and future use. In
addition, NLDC will be able to manage electricity generation, plan for plant

maintenance, and prevent energy wastage.

1.3 OBJECTIVES AND SCOPE OF STUDY

1.3.1 Objectives of the project

The successfulness of this project is based on the following objectives:
o To analyse the load behaviour of Malaysia
o To forecast Malaysia load demand using fuzzy logic technique
¢ To bring benefits to the utility companies

e To gain extra information that refates to the industry

1.3.2  Scope of study

The scope of study for this project will cover the following areas:
¢ Electrical load forecasting
+ Conventional methods of load forecasting

¢ 1oad demand in Malaysia

e The fuzzy logic



1.4 RELEVANCY OF THE PROJECT

The study required for this project aims at minimising electricity production costs by
minimising the amount of energy wastage during generation since short-term load
forecasting provides the input for unit commitment. Therefore, having prediction of
high accuracy is very important to ensure continuous and reliable supply to the
consumers. Based on the trend for the Malaysia load demand and all the literature

reviews, this project proved to be very beneficial and relevant with current situation.

1.5 FEASIBILITY OF THE PROJECT

This project is a two-semester project where the first semester will be mostly on
research and study. The required data for the load forecasting wili be gathered from
the NLDC such that co-operation with the NLDC is vital. In addition, the fuzzyTECH
software should be able to fuifill the requirement in developing the load forecasting

model. Therefore, this project is feasible to be carried out within the time and scope.



CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 ELECTRICAL LOAD FORECASTING

Load forecasting plays an important role in power system planning and operation.
Basic operating functions such as unit commitment, economic dispatch, fuel
scheduling and unit maintenance can be performed efficiently with an accurate

forecast [1].

Load forecasting is classified as long-term, medium-term and short-tern load
forecasting. Among them Jlong-term and medium-term load forecasting is mainly
applied in determining the capacity of generation, transmaission, or distribution system
additions and the type of facilitics required in transmission expansion planning,
annual hydrothermal maintenance scheduling, ectc. Short-term load forecasting
{STLF) mainly provides scientific and accurate prediction aiming at power in hours,
days and even weeks. In power utilities, STLF is most essential to dispatching
operation and system planning. It has long been recognized that accurate short-term

load forecasts represent a great saving potential for electric utility corporations [2].

The art of load forecasting, particularly short-term, became one of the top growing
areas of study and significance since the emergence of competition in the energy
markets. For these companies it is vital to have good knowledge or to obtain a good
forecast of the short-term load with the purpose of fixing prices in advance, according
to their supply costs. STLF is a recurrent topic in operative planning activities of
companies dedicated to the distribution and trade of energy around the world due to
the competitive electricity market, in which an advantage in the previous knowiedge
of demand could mean the difference between obtaining big benefits or incur in

economic losses [3].



In addition, short-term load forecasting also has significant impact on the security of
power systems. Deregulation and competition of the power industry are now
propeiling the utilities to operate the systems at an even higher efficiency. This trend

further intensifies the concern as to the accuracy of STLF [4].

2.2 IMPORTANT FACTORS FOR FORECASTS

For short-term load forecasting several factors should be considered such as time
factors and weather data. The time factors include the time of the year, the day of the
week, and the hour of the day. There are important differences in load between
weekdays and weekends. The load on different weekdays also can behave differently.
For example, Mondays and Fridays being adjacent to weekends, may have
structurally different loads than Tuesday through Thursday. Holidays are more
difficult to forecast than non-holidays because of their relative infrequent occurrence
[5]. Figure 1 shows current Malaysia load trending in a2 week from 13™ June 2005
(Monday) until 19" June 2005 (Sunday). From the graphs, during weekdays, the
Monday and Friday curves are slightly lower compared to Tuesday, Wednesday and
Thursday. Of course, during weekends, Saturday load curve is much lower, with

lowest on Sunday.

Weather conditions also influence the load. In fact, forecasted weather parameters are
the most important factors in short-term load forecasts. Various weather variables
could be considered for load forecasting. Temperature and humidity are the most
commonly used load predictors [5]. Figure 2 shows the relationship between weather
temperature and the electrical load demand. The curves show that as the temperature
increases, the load demand also increases (high air-conditioning load). This proves
that weather temperature is suitable to be correlated with the electrical load demand

as the inputs for the load forecasting model.



Malaysia Load Pattern in A Week
From 43 Jun 2005 (Monday) - 19 Jun 2005 (Sunday)
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Figure 2 : Relationship between load demand and weather temperature




2.3 CONVENTIONAL METHODS OF LOAD FORECASTING

Diverse methods for short-term load forecasting have been tested with different
degrees of success. There are two main tendencies of models for short-term forecast;
the causal or conventiona! models which outline the relationships among load and
factors influencing it, mainly social and weather variables and the time series models

which outline the relationships with values observed in the past.

The “similar day” approach has been used in forecasting applications where the
dependant variable is highly correlated with the meteorological variables and the
calendar location. The method purposes to search in history a very similar day based
in some known explaining independent variables, generally of climate and time (day
of the week, month, etc.) and to predict the dependant variable, in this case the
electric energy demand, in accordance to what had happened to this variable in the
similar day found. It is important to note that in this method there are no

mathematical functions found for explaining variables,

Conventional methods in short-term load forecasting are among others; regression
models, Box and Jenkins transfer functions, optimization techniques, non-parametric
regression, structural models, curve adjustment procedures and there are some more
recent methods whose results are compared with the ones mentioned such as expert

systems, artificial neural networks, fuzzy inference and Neuro-fuzzy models.

Expert systems have been also used in load forecasting. These systems are heuristic
models, which usually can include both quantitative and qualitative factors. A typical
approach is trying to imitaie the reasoning of 2 human operator. The idea then is to
reduce the analogical thought behind the intuitive forecasting to formal logic steps. A

popular approach has been to develop rules based on fuzzy logic.



2.4 LOAD DEMAND IN MALAYSIA

The total power drawn by the customers fluctuates between wide limits, depending on
the time of the day. Demand studies are required by the utility in order to assess and
plan the amount of electricity being generated; in order to match those loads
consumed by users. A typical load curve is as shown in Figure 3 recording usage

within a 24-hour period.

Load Pattem for Tuesday, 14 June 2005
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Figure 3 : Load paitern for Tuesday, 14 June 2005

On a typical day; from midnight 2300 hours to 0500 hours, minimal activity
contributes to the low-demand. However it could be observed that a continuous 24
hours demand is available. Afier 0500 hours we could anticipate activities when
people starts to wake-up and prepare themselves for the daily activity which may
mean people going to work or students going to their classes. At about 0800 in the
morning we would expect that the government offices begin their daily activities and
loads related to air-conditioning ‘which is a major load in government office

complexes provide major consumption within the system.



The private sector in the country generally begins their businesses at 0900 and hence
the bulk power could be seen consumed beginning this point of time; where both the
industrial as well commercial centre starts to consume power for their operation.
Shopping centres on the other hand will begin their business at 1000 hours; another
stage of increase in consumption. Later in the afterncon one would expect the load
begin to decline at 1700 when the government offices starts to close, foliowed by the
commercial and industrial sector; leaving the shopping centres to continue to operate

usntil 2200 hours where the consumption begins to decline to the minimum level.

A similar curve gives information on how best engineers have to plan for the
operation of their generators in order to cope with the demand; whilst trying to

achieve optimum economic operation [6].

2.5 FUZZY LOGIC

2.5.1 The concept of fuzziness

In using our everyday natural language to impart knowledge and information, there is
a great deal of imprecision and vagueness, or fuzziness. Such statements as “Tbrahim
is tall” and “Ismail is young” are simple examples. In the given examples, terms such
as tall and young are fuzzy in the sense that they cannot be sharply defined. However,
as humans, we do make sense out of this kind of information, and use it in decision
making [7].

2.5.2 Mathematical modeling

The mathematical modeling of fuzzy concepts was presented by Professor Lotfi A.
Zadeh from the University of California, Berkeley in 1965. His contention is that
meaning in natural language is a matter of degree. If we have a proposition such as
“Ismail is young”, then it is not always possible to assert that it is either true or false.
When we know that Ismail’s age is x, then the “truth”, or more correctly, the
“compatibility” of x with “is young”, is a matter of degree. If the proposition is
“Ismail is under 22 years old” and we know Ismail’s age, then we can give a yes or

no answer to whether the proposition is true or not. This can formaliized a bit by



considering possible ages to be the interval [0,o), letting 4 be the subset
{x:xel0,): x <22}, and then determining whether or not Ismail’s age is in 4. But
“young” cannot be defined as an ordinary subset of [0,e), Zadeh was led to the
notion of fuzzy subset. Clearly, 18 and 20 years old are young, but with different
degrees: 18 is younger than 20. This suggest that membership in a fuzzy subset
should not be on a 0 and 1 basis, but rather on a § to 1 scale, that is the membership
should be an element of the interval [0,1]. This is handled as follows. An ordinary

subset 4 of a set U is determined by its indicator function, or characteristic function
X4 defined by

The indicator function of a subset 4 of a set U specifies whether or not an element is
in A. It either is or is not. There are only two possible values the indicator function
can take. This notion is generalized by allowing images of elements to be in

interval[0,1}, rather than being restricted to the two element set 0.1}

For a fuzzy set A : U - [O,I], the function A4 is called the membership function, and
the value A(u) is called the degree of membership of u in fuzzy set 4.

Of course, for a fuzzy concept, different functions A can be considered. The choice of
the function A is subjective and context dependent and can be a delicate one. But the

flexibility in the choice of A is useful in applications, as in the case of fuzzy control
[7].

Here are two examples of how one might model the fuzzy concept “young”. Let the
set of all possible ages of people be the positive real numbers. One such model (refer
to Figure 4), decided upon by a teenager might be

401 , x<25
Y(r)=1—_% | 25<x<40
0 . 40 < x

16
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Figure 4 : A membership function of “young”

An older person might model it differently (refer to Figure 5), say with the function

80—x - x < 40
40 - 40=x<60

FB=110-x | 60<x<70
20
0 70 < x
- young
=
08|
ngl
aal
ozl _
o - T T TE T 0 T

Figure 5 : Another membership function for “young”

Fuzzy logic approach has an advantage of dealing with nonlinear parts of the
forecasted load curves, and also, when there is an abrupt change in environmental or
weather variables. Therefore, fuzzy models have received much attention from power
engineers in the past few years and many interesting applications to fuzzy sets in the
power ficld have been reported [8}.

11



CHAPTER 3
METHODOLOGY

3.1 SYSTEM DESIGN APPROACH

Before the model can be completed, there are several steps which need to be
followed. After gathering data from NLDC, the first step is to identify all the required
inputs and outputs variables. The second step is to analyse the relationship between
the inputs and outputs parameters. Using the fuzzyTECH software, the membership
functions for all the variables can be established after the first two steps. Then, the
fuzzy rule block can be constructed. The fuzzy rule block is the medium which
connects between the inputs with the outputs based on the IF-THEN rule. After the
mode} is completed, simulation can be performed to obtain the load forecasts.
Performing error analysis will determine the accuracy of the model. The MAPE
required must not be higher than 3%. Retuning the system be performed if the MAPE
exceeds the requirement. Figure ¢ simplifies the system design approach of this

project.

3.2 TOOLS REQUIRED

For this project, two main software are required, the fuzzyTECH and Microsoft
Excel. fuzzyTECH is the software for fuzzy logic-base solution. This software
provides simple yet powerful user interface for developing the load forecasting modet
especially for beginners since all the fuzzy logic algorithms are embedded within the
program. However, fuzzyTECH does not provide the interface for data management.
Alternatively, fuzzyTECH can be linked together with software for data interfacing
such as the Microsoft Excel. The DDE Links function, which is embédded inside the
fuzzyTECH, can be used to link the system with the worksheet 0f the Microsoft
Excel. Apart from that, Microseft Word is used for documentation.

12



Defining the input and output
variables

v

Analyzing the relationship between

input and output parameters

v

Establishing the membership
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Y

Constructing the fuzzy rule block ¢

v

Performing the simulation using
JuzzyTECH software

Tuning
L 4

Performing error analysis

NO

Satisfied?

Forecasted data of high accuracy

Figure 6 : Flowchart of the system design approach

3.3 ERROR CALCULATION

The load forecast by the fuzzy logic forecaster is compared to the actual load data so
that the error can be calculated. The principal statistic used to evaluate the

performance of these models, mean absolute percentage error (MAPE), is defined as

_1afr-n
AMPE~Z—V—Z——P——><IO(}

i

= A

where PA is the actual load, PF is the forecasted load and N is the number of data
points.

13



CHAPTER 4
RESULTS AND DISCUSSION

41 MODEL STRUCTURE

1-DAY-AHEAD LOAD FORECASTING MODEL
[ FOR MONDAY }
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Figure 7 : One-day-ahead with hourly interval model structure
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For this project, all the predictions will be based on the following model (refer to
Figure 7). The model consists of three parts; fuzzy inputs (left side), fuzzy rule blocks
(middie) and fuzzy outputs (right side). The model shown is specifically for Monday
forecasts since each model is based on similar day pattern. Therefore, there will be
seven models to complement the days in a week. Figure 8 illustrates how the model
structure works. There are five inputs altogether, marked by the numbers. The first
three inputs are to obtain the forecasts at 0400, 1100, 1600 and 2000. These four
points are classified as important hours for observation by the NLDC. The last two
inputs are correlated with the previous four outputs to obtain the forecasts of each
hour in between, The main reason for input number 4 is, so that power systems
engineer will be able to forecast the next day load demand the night before. The

forecast data can then be delivered to the dispatching unit as early as possible.

Average temperature in the morning Average temperature in the evening
| {Previous day) ) (Previous day)
Maximum load demand
3 (Previous day)

A J

Qutputs
™
0400 1100 1600 2000
= o] [ ] = el (o] o] ol =
(= Q [} 2 = =] (=] o o} <9
[=) [sa] W < o Wy r~ o — ]
(= o < — — - Lol — o (o]
] ] | | ] ! | ] | i
i\ ] ! I I ] | | i /!
Outputs
Load Demand at 2000 5 Load demand at 0000
(Previous day) {Last Tuesday)

Figure 8 : Simple illustration of the model structure
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4.2 INPUT AND QUTPUT PARAMETERS

There are five input parameters for the model. The minimum and maximum values

for each parameter are based on the data from the past two months. These conditions

also apply to the output parameters. The input and output parameters (for Monday

forecast model) are shown in the following tables:

VL
L

No.

= very_low

= fow

Table 1

~ (previous day)

Load demand at 2000
(previous day)

LOad demand at 0000 (last

Tuesday) -

Tahle 2

Variable

| | ;L0a:d fofecast at 0090 '

" Load forecast at 0100

Loéid fqrecast at 0200_

: Load forecast af-b?_vﬁ(lf'
and..forecast: at 0400
: _L_dad forecast at _0'500'

._L()a'd forecast at 0600

M

Variable =
Average temperature in the
morning {previous day)

: Average temperature in the
evening (previous day)
Maxirum load demand

= medium

: Input parameters

Unit

°C
- °C

MW':

Mw

: Qutput parameters

Unit
MW

MW

MW

MW

MW

16

24

9336

9653

8994

7945

_'7696

7497

.

7657

VH

7491

‘Minimum  Maximum

36

10224
oot

. Minimum - Maximum

9887
s701
8330;
e VL
7894

i

8126

=very high
= high

Terms.

L,MH

LMH
'VLLM:

H,VH
VL, LM, -
HVH

VL, LM,

H, VH



8.  Loadforccastat0700 ~ MW 784 - sdo1 VoM
. VL L, M,
| | | o BVH
10 Loadforecastatoo0 MW 10180 tomis VM

o T ST o VLLM,
H VH
VL LM,

9.  Loadforccastat0800 MW 8661 9106

1. Loadforccastat1000 MW 10760 1313
12, loadforecastat1100 MW 11345 11877
' oin. VLLM,
HVH
VL,L, M, -
VL’ L’ M’ .
H, VH
VL,L,'M, -

13.  Loadforecastat 1200 MW 11359 11913
14, Load forecastat 1300 | MW 10982 - 11760 :
15 " Ldad forecast at 1400 MW _".:1:'1563-" - 12‘0.'935.-
16 Loadforecastat 1500 MW 11696 12144
| ' B VL, LM,
H,VH
VL,LM,
H,VH
VLLM,

H, VH

e VBLM.

17, Loadforecastat 1600 MW . 11641 12246
18 Loadforecastat 1700 MW .. 11282 11690
19, Load forecastal 1800 MW 10343 . 10798

5'20_; Lc_)a& ‘forecasﬁatilé?()ﬂ _ MW :f__ : 180

VL, L, M,
- H,VH

22 Loadforecastat2100 . MW | 10650 - 11252 VielMo

21, Loadforccastat2000 MW 10812 11385

VL, LM,
H, VH

24 Load forecast at 2300 MW !;633‘.;- . 10453 Vﬁ I‘},}I;d,”-

23.  Load forecastat 2200 _Mw 10180 - 10862

43 MEMBERSHIP FUNCTIONS

In fuzzy logic, each term (linguistic variable) has its own membership function. Each
membership function is defined for any input value by the degree of membership
function. An input may consist of more than one term and all the terms are associated
together and displayed in one graph. The following figures plot the membership
functions of the inputs and outputs for Monday forecast model.
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Figure 12 : MBF for load demand at 0000 (previous day)
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: Output MBF for load forecast at 2000
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44 RULE BLOCK

The rule block is the heart of the system where the control strategy for the fuzzy logic

system lies within. Using linguistic variable, the operator will able to determine how
the inputs will affect the output, based on the IF-THEN rule. All the rules are set

based on the analysis and experience of the operator with the historical data. The

fuzzyTECH simplifies the operation by having the operator only to manipulate the

linguistic variables. Table 1 lists all the rules for RB1. Other rule blocks are attached

in the appendix section.

Table 3

: Spreadsheet rule editor for RB1

IF THEN
' ‘A\themp{Angefml' MaxlcadF DoS
'Tnmde Jow ery_low : 100
Immiwn nﬁdum ‘waujmw
medum high  vewy low

=

e
i
5
“;: ‘HJH
wn
1o

BTN . REL TSR X g

P
LA A R R =]

| vehigh: 1

-3 Egﬂn;ax-u'aa

medium

"

100 ¢

\S)
w

memmn

B msduum

BERBYRNR

1 0

. 100 §'|'uu;='

‘medum . 100 medr
;high i '

ey low - 1.00 ven

) ww h;gh R _

‘THEN
LFD400 DS

very h:uw 1__10{]

melim_ R

medun_ 1

N0 dow 100

“THEN
LF1100 Dos
Uﬂiuw

.i11ﬂﬁ lm#

100 hgh 00 hgh 100 hgh 1

‘w\very_hqgh b wy_hxgh o

LF1800 " i

100 e
- 1.00 medlum

U medrum
_.1 Uﬂ rmcfum ,
‘—”1 UD medlumwr;h ]
» 100 mdlumm
i TEIB medmm

THEN
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4.5 FORECAST RESULTS

The project will present the forecasﬁng results from Monday (27 June 2005) until
Thursday (30 June 2005).

4.5.1 Input parameters

Table 4 : Input parameters to forecast load on Monday, 27 June 2005

_ S IpputVariable RS0 0 Valwe o s
jAverage temperature in the evemng (prevmus day) T 280C .

"' Average temperature in the morning (prev;ous day)._ LEie 3%

- Load demand at 0000 (last Tuesday) Sl 9653 MW
f--'Load demand at 2000 {previous day) ' ST oS MW
Maximum load demand (previous day) _ ' 9838 MW

Table 5 : Input parameters to forecast load on Tuesday, 28 June 2005

EE Input Variable . . o0 Valwe oo
.Average temperature in the evening (previous day) o 28°C

-Average temperature in the morning (previous day) - S 7 A ORI L S
Load demand at 0000 (last Wednesday) S 9646 MW _

“Load demand at 2000 (previousday) .©. . U I TI09O MW
Maximum load demand (previous day) _ .' : S 11954 MW

Table 6 : Input parameters to forecast load on Wednesday, 29 June 2005

-- ; S e S Valwe o
'_Average temperature m the evemng (prevmus day) SRR {11 SEU ST
Average temperature-in the inorning (prevmus day} R R L O o i
“Load demand at 0000 (last. Thursday) T G0 MW
 Load demand at 2000 (previous day) e 9 MW
‘Maximum load demand_(prewous_day) S 12100 MW

Input Vanable
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Table 7 : Input parameters to forecast load on Thursday, 30 June 2005

O tpuVadbe Ve
Average temperature in the evening (previous day)- - 30°C -

- Average temperature in the morning (préviousday) ~  ~ . 33°C
Load demand at 0000 (last Friday) | 9811 MW
Load demand at 2000 (previousday) =~ . 10915MW
-Maximum load demand (previous day) S - - 11779 MW.

4.5.2 Error analysis

Table 8 : Forecast error analysis for Monday, 27 June 2005

Ti!iié : ' Forecasted Actual Load - Absolute .. Absolute '
- Lead - . Error (MW) - Error (%)
0:00:00 © 9330 8888 442 4.97
1:00:00 8260 8559 299 3.49
2:00:00 7981 8148 167 - 2.04
3:00:00 CTT91 970 179 ; 2.25
4:00:00 © 7679 7824 145 185
5:00:00 7603 7770 167 215
6:00:00 7872 7880 g 0.10
7:00:00 8085 8070 15 . 0.18
8:00:00 8865 8712 153 1.76
9:00:00 10425 10358 67 . . 064
10:00:00 11025 11134 109 098
11:00:00 11589 11860 i 229
12:00:00 11628 - 11686 58 0.50
O 13:00:00 11403 11442 39 034
14:00:00 S 11850 11864 14 .- 0.12
15:00:00 11957 - 11824 133113
16:00:60 11994 11954 40 033
C17:00:000 0 - 115200 11564 ¢ 0 a4 0 038
18:00:00 10608 10672 64 . 0.60
19:00:00 - 10473 10303 - 170 165
20:00:00° 11146 11109 37 034
21:00:00 . 10951 . 11059 108 098
22:00:00 10463 10620 155 146
23:00:00° . 9975 10152 177 174
| MAPE 1.37
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Table 9 : Forecast error analysis for Tuesday, 28 June 2005

- Time '~ ‘Forecasted  Actual Load = Absolute . Absolute
R -+ Load = .. C s Exror (MW) 0 Error (%)
0:00:00 9466 9514, 48 051
1:00:00 S8M8 0 L9101 - 353 3388
2:00:00 8526 8822 296 ' 3.36
3:00:00 - 8124 L8461 L 337 L 398
4:00:00 7934 8278 344 1 4.15
5:00:00 7929 812 L 283 345
6:00:00 8131 8393 262 312
7:00:00 8318 ¢ 8561 . 243 . 284
8:00:00 - 9015 908 - T 078
9:00:00 - 10594 - 10571 23 . 022
10:00:00 11061 11103 42 0.38
11:00:00 . 11683 . 11748 . 65 ; 0.55
12:00:00 11714 11678 36 : 031
- 13:00:00 11509 11519 10 008
14:00:00 11991 11937 54 046
. 15:00:00 -0 12058 - . 12040 - 18 . 015
16:00:00 12105 12100 - 5 _ 0.04
CO17:00:00 0 11534 11515 . 19 007
18:00:00 10725 10569 156 1.47
19:00:00 -~ . 10421 10326 . - 95 . .. 092

7 20:00:00 11227 11149 78 0.70

S 21:00:00 . 1019 . - 10927 92 . 085

22:00:00 10540 10584 4 042

©23:00:00 0010057 0234 0 17T o T3
| | MAPE 144
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Table 10 : Forecast error analysis for Wednesday, 29 June 20035

* Forecasted Actna Load" © Absolute  Absolute
R o Leadss _Error(MW) Ermr(%)
00000 co 9545 -.'-'.'9,-7_80 235 240
CUak00 o To1se s, 090 S e 972
CU300:000 8479 8’.;5?616: ST 3t

4:00:00 ¢ 8317 - . 8293 . 24 029
C5:00:00 8170 8197 0 270 0330
. 6:00:00 8331 8340 . 9 000

8:00:00 - 9128 8903 . 225 . 253 0
C9:00:000 106300 7 10224 406 . 398

10:00:00 11187 C10,908°0 0 o279 256
o 11:00:00 - 11807 . 11426 .. 381 . - 333

12:00:00 11763 - 11,455 308 269 -
CU13:00:00 0 115900 U RLU3 L o 477 0 . 4290

C14:00:00 119900 - 11,498 - 492 427
U15:00:00 12047 16760 3T 38

16:00:00 11946 . 11,779 167 - . 141
CUU1700:00 0 11593 112430 0 3500 0 3L

18:00:00 . 10703 10361 - 342 0 330

19:00:00 10383000 10,1200 T 2630 259
©20:00:00 . - 11229 10915 - 314 288
CU100:00 11004 10,7600 T 244 22T
| 22:00:00 o4t 10377: S 1040 U100
1 23:00:00 . 10053000 9,831 ¢

" MAPE 215

24
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Table 11 : Forecast error analysis for Thursday, 30 June 2005

© Time . Foreeasted  ActuaiLoad | Abjolute
CnSr s head s s s R

S 0:00:00 0 9535 0 9401 o

20000 8756 . 8691
CLU3:00:000 - 8567 8385

4:00:00 - - 8351 8338 .
5:00:00 - 825 . 8206 50

- 6:00:00 . 8384 8154 230 282 -
CUUIT00:00 85400 0 o osd4 e 3y
< 80000 0 . T9146. . 8869 . 277 . 312
C0:00:00 10524 10385 o 1390 o134

. 10:00:00 ST 11,036 136 . - 123
C11:00:00 0 MITI3 011619 0 94 . 081

- 12:00:00 11710 11,527 183° 159 7

C13:00:00 011564 11,189 - 3750 335 o

14:00:00 11958 11,718 240 204

C15:00:00 o0 11938 o 11662 s 276 0 237 0

O 16:00:00 11962 11,668 294 252
C17:00:00 0 114790 0 AL21T0 262 2340
18:00:00 10694 - 10,337 357 345
19:00:00 : 10428 10’22; 207 203 : S

- 20:00:00 - - 11177 10,933 244 o223
S U21:00:00 11059 ¢ 10,892 T LReT o 153
22:00:00 10546 - - 10480 . . 66 063
TI23:00:00 ) 1017800 T 10,078 0 00 099
' o MAPE 1.71
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4.5.3 Graph of comparison

Forecasted and Actual Load for Monday, 27 June 2005
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Figure 17 : Forecasted and actual load for Monday, 27 June 2005
Forecasted and Actual Load for Tuesday, 28 June 2005
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Figure 18 : Forecasted and actual load for Tuesday, 28 June 2005

26




Load Demand (MW)

Forecasted and Actual Load for Wednesday, 29 June 2005

—a— Actual Load

—e— Forecasted Load

$ & P

N Time
Figure 19 : Forecasted and actual load for Wednesday, 29 June 2005
Forecasted and Actual Load for Thursday, 30 June 2005
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Figure 20 : Forecasted and actual load for Thursday, 30 June 2005
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4.6 DISCUSSION

The results indicate that the MAPE for each forecast is below the 3% requirement.
However, the largest absolute error is 4.97%. The variation between each absolute
error shows that the forecast result depends on variation of the historical data since
the range between the minimum and maximum for each MBF is determined based on
the data from the past two months. Therefore, each prediction is based on the
behaviour of the historical data. For example, the prediction error for 29 and 30 June
are higher because the actual loads are lower compare to data from the past two
months. Nevertheless, this model can be considered reliable only for prediction of

normal days since prediction of public holidays and festive seasons require forther

analysis on the historical data.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

Accurate load forecasting is very important for electric utilities in a competitive
environment created by the electric industry deregulation. The literature reviews for
this project cover various aspects including the types and other methods of load
forecasting as well as factors that affect the accuracy of the forecasts such as time
factors and weather conditions, For better understanding of the load dynamics and its
statistical properties to implement appropriate models, analysis on the trend of the

Malaysia load demand is very important.

The fuzzyTECH sofiware simplifies the implementation of fuzzy logic for the load
forecasting model since fuzzy logic requires advanced mathematical modeling.
Several steps are required in building the model which include establishing the
membership functions of every input and output as well as the rules block that holds

the control strategy for the whole system based on IF-THEN rule.

From the test results, a very high average accuracy has been obtained from the use of
the fuzzy logic load forecaster. The advantage of this model is that it requires
minimal input information and minimum instructions for industry personnel. For
some requirements, this methodology may be all that is necessary. Therefore, this
project proves that the fuzzy logic technique can be used to forecast the load demand

with high accuracy that is below 3% error.
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5.2 RECOMMENDATIONS

Although the system successfully predicted the load demand with high accuracy, it
still has several limitations. This leaves plenty of room for further improvements.
There are other type of variables which can be utilised such as humidity and energy
level. For even greater accuracy, the use of additional weather variables may be
required. Since this mode! is developed to forecasts only the normal days, perhaps
further research can be done so that it can also perform forecasts for public holidays
or festive seasons. The fuzzyTECH has several other computational methods and for
this model, the computational method used is the Centre of Maximum (CoM) method.
‘This method is set by default since it is sunitable for most fuzzy logic applications. The
last recommendation is that learning courses be given to the ones involve with this

project in order to obtain greater understanding on the concept of fuzzy logic.
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APPENDIX A
SPREADSHEET RULE EDITOR FOR RB2

Table 12 : Spreadshect rule editor for RB2

G T THEN T TN THEN CTHEN
. Lﬂadm DGS : : N

-

TR SR - BN N R R

6 medium
" medzum B
m | 1.0 ﬂﬂ mecﬁum
100 wmedlum
Y ﬁﬂ medlum

55 yerybighivew_high' 100 vew_tigh 100 high . 1.08 [high | 100 vem high
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APPENDIX B
SPREADSHEET RULE EDITOR FOR RB3

Table 13 : Spreadsheet rule editor for RB3

AF T THE
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v Jow vy o .00 vyl | 100 vew k

i
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S
4
e
6
E
’B e
10
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Table 14

APPENDIX C
SPREADSHEET RULE EDITOR FOR RB4

: Spreadsheet rule editor for RB4
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APPENDIX D
SPREADSHEET RULE EDITOR FOR RBS

Table 15 : Spreadsheet rule editor for RBS

! .:!F ; :' : B THEN e
CLFIBD0  (F2000 'DoS.  LFI700 f
very_fow [very fow © 1.00 ivery low

CTHEN . oo THEN.
1800 DoS

i low cvery_fow 100
medum | very_low © 1.00
. very_bigh very_low

100 high | 00 hgh
1.00 vexy high. 1.00 [high

“verp_high ;e-ry_hlgh 1 ﬂﬂ‘vew_hlgh
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APPENDIX E
SPREADSHEET RULE EDITOR FOR RB6

Table 16 : Spreadsheet rule editor for RB6

TR T
- {1F2000  "Load00B0YDoS ~ LF2100 DoS. -L
 vey_low _very_low 'i

w

B R R

 high ‘vew_tigh, 1.00 vew_high 100 'high
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