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ABSTRACT

The goal for this paper is to forecast the electricity consumption of Malaysia from
2014 to 2035 and also determine the factors that affect the electricity consumption.
Linear regression analysis, Fourier Series and Singular Value Decomposition are
being used to achieve the objective. From the results, it shows that gross domestic
product and population have high impact on the electricity consumption of Malaysia.
Two different approaches have been used where forecasting models are constructed
using data from 1980 until 2012 and 2005 until 2012. Results show that in year 2035,
the electricity consumption of Malaysia is going to increase to 762890 GWh with an
increment of 7 to 11 percent annually. It also shows that models were constructed
using data from 1980 to 2012 give better results. It is hope that this paper will become

an important reference for the policy maker to come out with a plan to ensure enough

supply of electricity for the country.
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1 INTRODUCTION

- 11 Backgrouﬁd

In the published paper by International Energy Agency, the world energy
':-::'..::.e.(ﬁnsumption shoots up to 8918 Mtoe which is 190% more than the energy
:"lt;,lonsumption in 1973, 4674Mtoe. As shown in figure 1-1, in year 2011, electricity has
_b_.ecome ond major energy being consumed. The role of electricity in country

levelopment caused electricity to become the major energy for a nation.

Electrcity  pport++

dBiofuails* , 17.7%
ana wasle _ Coal/pect
12.5% 10.1%

Ol

Natural gas &
40.8%

15.5%

| 8918 Mtoe |

Figure I-1 Distribution of energy consumption in 2011

(Energy Commission, 2014)

From the chart in figure 1-1, it can be seen that electricity is the 2™ major
consumption in the world which occupied 17.7%. Pao (2009) stated that energy is the

foundation of economic development and it is one of the vital infra-structural inputs

in socioeconomic development. Therefore, electricity consumption forecasting for a
nation is crucial to understand the future energy consumption so that the government

can plan for the future needs.

There are few studies that have been done by researchers to predict the electricity
demand of Malaysia. Ga and Li (2008) predicted that by year 2020, the electricity
consﬁmption of Malaysia will reach 116 mega ton of oil equivalent (Mtoe) while
Keong (2005) also concluded that the electricity consumption of Malaysia to have a
growth rate of 8.87% based on 8.1 annual growth rate in year 2005. It is expect that

1




tt eigelectncﬂy consumption of Malaysia will increase more than Keong’s prediction
".w1th the direction of world that is heading towards green technology in recent years.
oﬁé. of the main green products is hybrid vehicles. With increasing popularity of
hybrld vehicles, demand of electricity is expected to increase as they are powered by

: -_¢féCHicity.

There are two different types of prediction method being used by researchers which
i ':.'.'a.uz‘e the statistical method and machine learning (Al)} techniques. Both of the
.. .'-.'.'t.echniques are having their own difficulties. As stated by Zhao, Wang et al. (2014),
the limitation for statistical method is because of the non-linearity in different model
where they have limitation of linear assumption where Al method usually suffer from
"ié&ﬁii)licated model that is made up of different parameters. In this paper, 3 different
.___f=types of statistical methods will be used to determine the energy consumption of
.Malaysm until year 2035 which are Fourier Series, Singular Value Decomposition

" "modcl, and linear regression analysis.

:""I".H.c_é“usage of electricity is varying due to various factors such as population, gross
'.:_'d'fb'r'nestic product (GDP) and others. It is said that the demand of electricity is also
.."':'_.'3'i.i.épending on different seasons as monsoon season will have a high electricity
“demand because community will turn on lights to light up the environment at noon or
§ in the morning. By looking at the electricity demand of Malaysia from 2010 until
- 2012 which is provided by Energy Commission, it can be seen that the electricity
" demand of Malaysia is increasing but not in a linear form. Therefore, there is a need
of using different types of models to study the behaviour of energy consumption of

Malaysia.

Table 1-1 Electricity consumption of Malaysia from 2009-2011

% Electricity | Percentage of

f Year | consumption | increment

(GWh) (%)
2012 116660.5 8.62
2011 107403.1 2.69
2010 104588.6 -

Since all energy is hard to store, therefore electricity is being generated and use

immediately without being reserved. This explains that the accuracy of electricity

2




cdﬁsumption prediction is very important. A over estimation of electric demand will
.'c;,r:;iused the nation to waste huge amount of money which can be used at other crucial
déi;elopment of the country. Other than that, it will also cause lots of time to be
wasted at the construction of the plant. An underestimation will slow down the
e_é'b;}omy of the nation because of shortage of electricity. One of the examples of the
_ﬁﬂderestimation of electricity demand happened in 2004 where China had a lack of

5 électricity supply due to shortage of installed capacity. (Zhao, Wang et al., 2014).

© 1.2 Problem Statements

From studies, it is understood that 42.6% of the Malaysia power plants are coal fired

and this caused high carbon footprint. This opposed the will of the nation to transfer
t_'d"'é low carbon emission country as coal creates lots of carbon dioxide, CO, when it

i_S burned. This is also opposing the world idea of creating a greener earth.

St"atistics shows that Malaysia is one of the countries with highest CO, emission in the
world with 7.9% compounded average growth rate during 1990-2006. Until year
2020, the emission of greenhouse gases from Malaysia is expected to rise from 189

 million tonnes to 382 million tonnes.

In Budget Malaysia 2015, Prime Minister of Malaysia, Datuk Seri Najib Tun Razak
- stated that all the subsidiaries will be reduced to help the nation to reduce the nation
deficit from 3.5% to 3.0% by year 2015. Therefore, the electricity prediction for a
nation is very crucial as the government can plan the expenses that are being used to

build power plants to suit nation’s needs and use the extra one for other sectors.

Other than that, up to 90% of Malaysia electric generation are generated using non-
renewable energy which are coal and gas. At the fast rate of non-renewable energy
depleting, electricity forecast is important so that the government can plan for better

technology for generation such as renewable energy which is tide, wind and even

T i

nuclear in future so that Malaysia will have a continuous supply of electricity.

The result of this paper is very important as this will be an important reference for
Malaysia government to come out with a long term energy policies where this can
help to reduce the rate of depletion of the non-renewable resources in the country and

also continuous supply of electricity to the nation.




- To understand the trend of electricity consumption for Malaysia until year
2035

o To deveclop statistical models to predict electricity consumption of Malaysia

s To study factors that affect the electricity consumption of Malaysia
. To give a clue for related authorities and Malaysia government on the

" increment of power generation facilities due to demand of nation from 2014
until 2035

__ :.::Scope of the Research

here are several types of energy such as biomass, thermal, wind, gas and others

hich are available for study. In this paper, the only energy consumption which will

be study is electrical energy.

There are lots of ways which are being used to carry out energy forecasting. But in
this study, only three types of statistical methods which are Fourier Series, Singular
"_"f:__\:.falue Decomposition model (SVD), and lincar regression model will be used to

.5 investigate the electricity consumption of Malaysia.

Throughout the studies, it is understood that there are lots of factors that will affect
the electricity consumption of a nation such as season, fuel prices, political issues and

others. In this paper, only 2 major factors are being considered in the prediction model

which are gross domestic product (GDP) and population of Malaysia.

Researchers used different types of mathematical software such as Matlab and
Microsoft Excel to build the mathematical model for energy prediction. In this paper,

only Matlab software will be used to build statistical models and carry out electricity

consumption forecasting,




5_:jﬁeport Organization

The structure of the thesis is organized as follows into five chapters.

_qﬁ:{er 1 gives the reader an overall view of the paper. It presents and discuss about
.b'ackground clectricity supply in Malaysia. Other than that, objectives, problem

sté?élﬁent, scope of research in this thesis are also being stated in this chapter. In

o:bj.gctives, 4 major objectives for this research have been clearly described.

In':_'Chapter 2, work done by researchers in Malaysia about electricity consumption
f_ojr'::"' asting in Malaysia will be discussed. Other research works which have been
done ‘by other researchers in forecasting electricity consumption using various

pfédiétion models will also be discussed.

Chapter 3, methodology of this paper will be explained. In this chapter, flow charts
11 be presented to show the process for the whole research to be done. Other than
tha "_'the methods and approaches to the result of the research will also be shown. In

: _fesearch, the modelling of 3 different mathematical models will be clearly shown.

In | Chapter 4, discussion and result of this thesis been presented according to
objectlves of thesis. All the results which are obtained from the models will be
(;_ompared with other papers to validate the accuracy of the results. Other than that,

f#_t;t_ors that caused the inaccuracy of the results will be discussed.

. "Chapter 5 summarize the successfulness of this project while discussing any future
- projects that can be carried out. Other than that, recommendations are also being

discussed to give the next researchers ideas to increase the accuracy for their

researchers.




2 LITERATURE REVIEW
1 Electricity in Malaysia

1. Governance and electricity service in Malaysia

@-"'Maiaysia, there are 4 major electricity suppliers which are Tenaga National Berhad
.'.. ..:..i‘?,), Sabah Electricity Sdn. BHD (SESB), Syarikat SESCO Berhad (SEB) and
ependent power producer (IPP). The flow of electricity supply in Peninsula
1 ia and East Malaysia is shown in figure 2-1 and 2-2 respectively.

KeTTHA
Policy development

¥

Energy Commission
Regulator

L _ | )

Generation . — l
Transmission Distribution
'NB —| TNB

SESB SESB

Consumers

Y
Y

Figure 2-1 Governance and flow of electricity service for Peninsular Malaysia and
Sabah



Ministry of Public Utilities
Policy development and Regulator

Y Y

Transmission Distribution Y
SEB " | SEB | Consumers

Y

Figure 2-2 Governance and flow of electricity service for Sarawak

m: figure 2-1, it can be seen that for Peninsular Malaysia and Sabah, electricity
tion and supply is being monitored by Ministry of Energy, Green Technology

Figure 2-3 shows the governance and flow of electricity service for Sarawak. It is be
céﬁ that the Ministry of Public Utilities is acts as the policy developer and regulator
in Sarawak. In Sarawak, all the power generaition is controlled by one company, SEB
- who owns Syarikat SECSO Berhad. Statistic shows that 33% of Sarawak does not
- have electricity supply because of poor regulation; therefore, it is proposed that a

egulator should be introduced in Sarawak. (Energy Commission, 2014).

1.2 Power plants in Malaysia

According to Energy Commission, it is concluded that until year 2013, gas and coal
are still the main fuel that is used to produce electricity where there are contributing

49.4% and 42.6% of power generation respectively. Until 2014, there are 30 different

.
:
|
]
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es of plants operating in Malaysia generating a total capacity of 21060MW. Table
hows the types of plants in Malaysia and their capacity.

hough the nation is generating a total of 21060MW, but the power generation will
. fén'upted due to breakdown of power plants. Other than that, power plants also
their own lifetime. Table 2-2 shows some of the big power plants in Malaysia

th their expiry date. A full list of power plants with expiry date can be view at the

Table 2-1 Capacity of different plants in Malaysia

: Capacity
_Type Fuel MW)
Conventional Thermal Coal 7056
Combined Cycle Gas Turbine (CCGT) Gas 9200
Conventional Thermal Gas 564
Open Cycle Gas Turbine (OCGT) Gas 2340.4
Hydroelectric Hydro 1899.1

| (Total Capacity (MW) 21060

Table 2-2 Big capacity power plant with expiry date (Energy Commission, 2014)

_ Power Plant Fuel Calf)[a;%ty Ex;);gyyn;::th
1ol 8.J. Jambatan Connaught Gas 478 Aug 2014
.| YTL Power Generation Gas 1170 Sept 2015
gi?ﬁif“da“g)sj - Sultan Gas 1029 Aug 2017
Segari Energy Ventures Sdn.Bhd Gas 1303 June 2027
Kapar Energy Ventures Sdn Bhd Coal 1486 July 2029
TNB Janamanjung Sdn. Bhd Thermal | 2100 Dec 2033
Jimah Energy Ventures Sdn. Bhd Thermal | 1400 Aug 2037

rom table 3, it can be seen that most of the power plants are using gas as fuel. The
'__t_otai capacity being generated in 2014 dropped by 478MW because of the retirement
of 8. Jambatan Connaught power plant. However, the service of a CCGT unit was
extended for 4 years 4 months which is until 31* of December 2018. This is due to

high electricity demand at the central region of Peninsular Malaysia. With this,

Malaysia is generating only 20882MW of electricity in 2014 as there is no new power
plant being completed in year 2014. In year 2015, 2 new power plants will be
introduced which are TNB Janamanjung (Unit 4) and CBPS Redevelopment. These 2

8

.




-are predicted to increase the power generation in Malaysia by 1394.7 MW as
E. e generating 1010MW and 384.7MW respectively. The commercial operation
the Janamanjung plant will be on 31% of March 2015 while for CBPS plant; it
¢ on 1% of September 2015. Table 2-3 shows some of future generation projects

22. A complete list of projects can be viewed at the Appendix B.

Table 2-3 Future generation project (Energy Commission, 2014)

Projects Fuel fl\il:;;:lty ](;;)i:merclal Operation
[INB Janamanjung Coal  |1010.00 |31 March 2015

(UUnit 4)

CBPS Redevelopment Gas 384.70 1* September 2015

TNB Prai Gas 1071.43 1* January 2016

Tg. Bin Energy Coal 1000.00 1* March 2016

Tekai Hydro | 156.00 Dec 2020

Telom Hydro 132.00 Dec 2022

> first energy policy in Malaysia is being introduced by the Central Electricity
ard CED) or known as National Electricity Board (NEB) in year 1949. This policy
ad Bcen used to create a more environmental-friendly energy development path. The
t:-'éi_lergy policy which brought a huge impact is the Petroleum Development Act
97 ..Which gives PETRONAS the exclusive rights to explore, develop and produce

: _.et::rdleum resources in Malaysia. (Oh, Pang ¢t al., 2010)

5 1n year 1979, the National Energy Policy was been introduced. This policy has 3

_major objectives which are

upply: To ensure the provision of adequate, secure, and cost-effective energy
_pi'ies through developing indigenous non- renewable and non-renewable energy

re§0urces using least cost options and diversification of supply sources both from

within and outside Malaysia.

) 2. Utilization: To provide electricity supply to as many citizens as possible




onmental: To minimize the negative impact to the environment due to

wing that the rate of depletion for the oil reserve in Malaysia was too rapid, the
ei-ﬁinent carﬁe out with Four- Fuel Diversification Strategy Policy in year 1980. 4
fferent fuels which are oil, natural gas, coal and hydro have been introduced. This
. y élso accelerated the transition of cil as main energy source to natural gas which

j'_l'éaner and cheaper source of energy (Tan, Maragatham et al., 2013).

itil- 2001, Malaysia government started to realise the importance of Renewable
Therefore, Five — Fuel Diversification Strategy 2001 was introduced. In this
_"enewable Energy is included as the fifth fuel in energy supply mix. This is
rtant policy as this represents the starting of renewable energy in Malaysia,
is policy, the government targeted that by 2010, renewable energy will
ute 5% of total energy mix under 8™ Malaysia Plan (Oh, Pang et al., 2010).

Table 2-4 Energy policies in Malaysia (Saad, Barimani et al., 2014)

Policy name and year Description of energy Policy

Petroleum Development Act Vested the exclusive right to explore,

1974 develop and produce petroleum in Malaysia

‘National Petroleum Policy 1975 Tp regulate downstream oil and gas industry
: via the Petroleum Act

Based on threc objectives: Supply,

._Natlonal Energy Policy 1979 Utilisation and Environmental

T'o prolong lifespan of Malaysia’s oil

National Depletion Policy 1980 reserves for the future

.| Four- Fuel Diversification To balance utilization of oil, gas, hydro and
- | Strategy 1981 coal

Renewable energy Policies Description of Renewable energy Policy

Five-Fuel Diversification Renewable energy included as fifth fuel in
~ | Strategy 2001 | energy supply mix

- | National Biofuel Policy 2006 Promote the demand for palm oil

o | National Renewable Energy Enhance the utilisation of indigenous
{ Policy and Action Plan 2010 renewable energy resources

Rsibisalndinsana
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- Renewable energy (RE)

ewable Energy (RE) is defined as electricity generated or produced from
able resources as stated in the Law of Malaysia under act 725; while renewable
ufé_éﬁ means the recurring and non-depleting indigenous resources or technology

t (;ﬁt in the first column of the Schedule of the Renewable Act 2011.

nentioned before, renewable energy is being introduced in 2001 under the 8%
ala 'gia Plan (2001-2005). In these 5 years, Malaysia government targeted to
te 5% of total electricity generated by the nation but at the end, only 0.3% was
:d. Therefore, renewable energy is further emphasized in the 9" Malaysia Plan,

ent started to pay more attention in renewable energy from 9™ Malaysia

ng that energy is very important issue to the nation, the government decided to
-new ministry, Ministry of Energy, Green Technology and Water which
the Ministry of Energy from Ministry of Communications and Multimedia.
han that, in April 2009, the Prime Minister Datuk Seri Najib Tun Razak also
chéd the new National Green Technology Policy. This policy has 4 main

o attain energy independence and promote efficient utilization
To conserve the environment

| 3. To increasc the national economic growth using technology

4. To improve quality life for all (Oh, Pang et al., 2010).

Basically, rencwable energy sources in Malaysia can be divided into 3 main groups
-:Which are biomass, hydro and solar. Figure 2-3 shows the renewable energy sources
“in Malaysia. Since Malaysia is one of the countries that produce lots of palm oil
products, palm oil has been added into the biomass category recent years as most of

the waste from palm oil production such as kernel, fruit bunch can be used to generate

electricity.
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said that the rencwable energy source is very limited as the nation is still very
ﬁéﬂ:t on non-renewable energy source which are oil and coal. Therefore, the
Commission only expecting 3% of power generated in the country will be
't"e::_'_using tenewable energy source in 2024. Figure 2-4 shows the prediction of

hf‘{types of resources used to generate electricity until year 2024,

Renewable Energy
Sources
| |
10Mass Hydro M oo
| T i I
4 Wood | { Municipal —4 Rice Mini
Thermal
Hydro
|| Forest || | Landfill | || Rice
Gas Husk
Photovoltaic
E;;ﬁ Municipal Straws
— Solid
Waste

Figure 2-3 Renewable energy sources in Malaysia

(Jalal and Bodger, 2009)
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Energy generation distribution until 2024

2016 2018 2020 2022 2024

#(Coal ®Gas EHydro RE @ Sarawak

Figure 2-4 Different resources used for power generation until 2024
(Energy Commission, 2014)

make sure that the citizen does not waste electricity and also to fund for the
velopment of renewable energy in Malaysia, renewable energy fund has been
tro.__uced by government. Before January 2014, those citizens that used 300kWh
i have to pay 1% of their bills for the renewable energy fund. The rate has been
.i:l"c_:.:r_i;ased to 1.6% since 1™ of January 2014. Table 2-5 shows the comparison of tariff
6 "_r_e and after 1% of January 2014.
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Table 2-5 Comparison of tariff before and after 1st of January 2014

ent Tariff calculation

200 kWh (1-200 kWh) per month : (200*21.80)/1 00 =RM 43.60

100 kWh (201-300k Wh) per month : (100 * 33.40//100 | = RM 33.40

700kWh (301-400kWh) per month: (50%40.0)/100 =RM 20.00

‘Current Bill (Effective I June 2011) =RM 97.00

f Calculation (Effective 1 January 2014)

200 kWh (1-200 kWh) per month : (200%21.80)/100 = RM 43.60

100 kWh (201-300k Wh) per month : (100 * 33.40)/100 | = RM 33 .40

-100kWh (301-400kWh) pér month: (50*51.60)/100 =RM 25.80

ated Current Bill (Effective 1 Jan 2014) =RM 102.80

1an that, Sustainable Energy Development Authority Malaysia (SEDA) had
formed. Every month, 1% of the electricity revenue will be channel to this

development of renewable energy.

rstanding that coal is non-renewable fuel, Malaysia government has come out
fea of construction nuclear reactor plant in 2009. The idea is included in the
nergy policy and in December 2010, government announced that 2 units of
g_f::_gbtor will be built to replace some of the coal fired plant. But the nuclear
.at happened at Fukushima Daiichi on 11 March 2011 caused the
t to rethink about this idea. Finally in 2013, the government announced

planning of building a nuclear reactor will be postponed until further notice.

___Feed—in Tariff

The Feed- in Tariff is first introduced by Sustainable Energy Development Authority
alaysia (SEDA) in 1* of December 2011. Before the launching of feed-in tariff
1, Malaysia cabinet came out with Renewable Energy Act 2011 under Act 725.

“Part I of the act, Feed-in Tariff means special tariff payable to feed-in approval
s in consideration for renewable energy generated and sold to a distribution

nsee. Under part II of this act, it is stated that,

ffThe're is hereby established a feed-in tariff system to provide for;
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connection to supply line connection points for the distribution of rencwable
gy generated by renewable energy installations which are owned by feed-in

;p;-‘p_v_e_l_l' holders;

¢ priority of purchase and distribution by distribution licensees for renewable

y generated and sold by feed-in approval holders; and

'he feed-in tariff to be paid by distribution licensees to feed-in approval holders

h renewable energy. “Renewable Energy Act 2011, Part 11, 3.(1)”

[}
T
= Tty
[ad
Lawsg
&)
‘\,,-')

Figure 2-5 Household feed-in tariff

(SEDA Malaysia, 2011)
L figure 2-5, it can be seen that the house is equipped with PV generator that
generate electricity by solar energy. Two different meters will be installed in the

ouse. One is to record the electricity that is supply to the grid and one is to record the

lectricity being used.

Under the Feed- in Approval and Feed-in Tariff Rules 2011, individuals that aged 21
cars old and above can apply to for this programme. For Malaysian, everyone can

4 nerate up to 30MW of power as stated in the Renewable Energy Act 2011 but for
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