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INTRODUCTION 

Freshwater is a vital resource for all biochemical 
processes on earth. Although 70% of the Earth’s 
surface is covered with water, approximately 2 billion 
people are still living in the areas inflicted with chronic 
water shortages (Weisss, 2012). According to the 
Union of Concerned Scientists & Population Action 
International (1998), the percentage of the world’s 
population living in water stressed countries would 
expectedly increase by at least threefold in year 2050. 
Thus, further water pollution should be minimized to 
ensure the sustainability of clean water supply to all 
living creatures.

In this day and age, most of the human activities have 
contributed to severe water pollution. Virtually, the 
freshwater in densely populated areas is adversely 
polluted by industrial effluents due to the enormous 

rapid growth in industrialization. One of the most 
deleterious pollutants presents in industrial effluents 
is dye. Dyes are traditionally used in industries to color 
their products which could inevitably generate huge 
amount of colored wastewater, the first contaminant 
recognized in wastewater by naked eyes (Banat et al., 
1996). Thus far, more than 100,000 commercial dyes 
exist around the world and more than 7x105 ton of 
dyes are produced annually (Pearce et al., 2003). 
Synthetic dyes are highly soluble in water therefore, 
these dyes could be typically found in high quantities 
in industrial wastewaters. Defined by O'Neill et al. 
(1999), water pollution become significant when 2% 
of produced dyes are discharged into the aqueous 
effluent.

In general, dye molecules comprise of chromophores 
and auxochromes. The chromophores are responsible 
for producing color while auxochromes act as 
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Subsequently, focusing on the adsorption method, types of precursors and production processes employed to produce 
activated carbon are as well presented as potential approach in remediating dyes bearing wastewaters.
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supplement to chromophore, promoting the 
solubility of molecules in water and enhancing its 
affinity towards fibers. Dyes exist in a very broad 
structural diversity and can be classified into several 

categories. The classification of dyes based on their 
particle charges upon the dissolution in aqueous 
medium is tabulated in Table 1.

Table 1 : Classification of dyes based on their particle charges 
(Gupta & Suhas, 2009; Mustafa et al., 2014).

Particle
Charge 

Dye
Class

Industrial
Application

Principle
Chemical Class

Anionic Acid dye 

Direct dye 

Reactive dye 

Silk, wool, nylon, leather 
and paper Rayon, paper, 
leather and cotton 
Cotton, small extent on 
wool and nylon 

Azo, anthraquinon, 
triphenylmethan, azine, 
xanthane, nitro and nitroso 
Polyazo 

Azo, anthraquinone, 
triarylmethane, phthalocyanine, 
formazan and oxazine

Non-ionic Disperse dye Polyester, small extent 
on cellulose and acrylic 
fibers

Azo, anthraquinone, styryl, nitro 
and benzodifuranone

Cationic Basic dye Polyacrylonitrile, paper, 
modified nylon and 
modified polyesters

Diazahemicyanine, 
triarylmethane, cyanine, 
hemicyanine, thiazine, oxazine 
and acridine

Cationic dyes have high intensity of colors and 
are greatly visible even in very low concentrations 
(Clarke & Anliker, 1980). These categories of dyes 
are commonly used in wool, nylon, acrylic and silk 
dyeing industry. Malachite Green (MG) in particular 
has vital role in many industrial applications especially 
in dyeing of silk, leather, plastic, and paper. To top it 
off, the cationic dyes are usually toxic colorants and 
able to cause adverse health effects such as allergic 
dermatitis, skin irritation, mutations and even cancer 
from prolonged exposure. Moreover, discharged dyes 
also afflict the photosynthetic efficiency in aquatic 
organisms via decreasing light penetration and may 
be toxic to some aquatic life due to the presence 
of metals and aromatics components (Eren, 2009). 
Moreover, MG can harm humans and animals via 
direct contact namely inhalation and ingestion (Culp & 

Beland, 1996). The reported negative effects of MG are 
respiratory toxicity, carcinogenic, induce mutagenesis 
and reduced fertility in humans (Srivastave et al., 2004). 
For decades, dyes are considered as an objectionable 
type of pollutants because of its intense toxicity and 
recalcitrant in nature (Bae & Freeman, 2007).

Dyes generally have complex chemical structures 
and are resilient to fading upon the exposure 
to light and water which makes it difficult to be 
removed from wastewaters. Various methods 
such as advanced oxidation (Hachem et al., 2001), 
biodegradation (Olukanni et al., 2013; Parshetti et al.,
2006), electrochemical treatment (Singh et al., 2013) 
and adsorption (Khan et al., 2014; Rong et al., 2014; 
Tsai & Chen, 2010) processes have been used to treat 
dyes bearing wastewaters. In this review, various 



4 PLATFORM   VOLUME ELEVEN NUMBER ONE  JANUARY - JUNE 2015

PLATFORM - A Journal of Engineering, Science and Society

superior treatment methods of dyes are summarized 
to provide a quick insight to new investigators 
interested in dealing with dyes treatment. The 
advantages of adsorption process in treating dyes 
bearing wastewaters become the main focus of this 
review. With this regard, the reported precursors used 
to produce activated carbon adsorbent and activated 
carbon adsorbent production methods are as well 
compiled in this review.

METHODS OF DYES BEARING 
WASTEWATER TREATMENT

Generally, public is mused that the discharge of 
colored effluents is notorious to the environment as 
color is an indication of pollution. The cleavage of–
C=C- and -N=N- double bonds, heterocyclic ring and 
aromatic ring are necessary in order to chemically 
reduce the intensity of colored effluents (Anjaneyulu 
et al., 2005). Thus, the removal of dyes from colored 
industrial effluents have become a major scientific 
interest among the researchers as indicated by 
increasing number of related research reports 
published annually.

Biological methods
Large number of microorganisms have been used 
to decolorize various dyes via bio-mineralization 
process. The microorganisms such as bacteria, yeasts, 
algae and fungi are able to accumulate and degrade 
a wide range of pollutants including dyes (McMullan 
et al., 2001).

Aerobic process
Bacteria and fungi are most commonly used to treat 
dyes bearing wastewater. However, as compared with 
fungi, bacteria have shown better bio-mineralization 
capability.  This could be manifested by the adaptivity 
of bacteria to tolerate with broad pH range, 
biochemical versatilities and vast environmental 
differences (Chandra & Singh, 2012) in treating dyes 
as opposed to fungi. Also, a single species of microbe 
such as strain Kurthia sp. could effectively decolorize 
several triphenylmethane dyes, namely magenta, 

crystal violet, pararosaniline, and brilliant green (Sani 
& Banerjee, 1999). Nevertheless, the limitations of 
conventional aerobic process arise when it is used to 
treat more complex dyes such as azo dyes. This is due 
to the xenobiotic nature of azo dyes which make it 
recalcitrant towards aerobic digestion.

Anaerobic process
Azo and other-water soluble dyes can be however 
decolorized via anaerobic process. The decolorization 
mechanism involves an oxidation-reduction reaction 
which exploits the consumption of hydrogen 
molecules rather than free oxygen molecules as 
in aerobic system (Bras et al., 2005). However, the 
biochemical oxygen demand (BOD) removal by 
anaerobic method is unsatisfactory in many cases 
(Delee et al., 1998). To top it off, the anaerobic process 
could be very time-consuming as anaerobes need 
longer acclimatization period before it could totally 
treat the dyes to the acceptable level (Mishra & 
Tripathy, 1993).

Physicochemical methods

Ion exchange process
The ion exchange process can be effectively applied 
to remove both cationic and anionic dyes from the 
effluents. Practically, wastewater containing dyes is 
permitted to flow through the ion exchange resin 
until the available of exchange sites are saturated. 
The advantage of this technique is the possibility of 
regeneration with minor loss of adsorbents, the ionic 
resin in this case. Nevertheless, the drawbacks which 
lead to the high operational cost are the expensive 
organic solvent requirement and ineffectiveness in 
treating disperse types of dyes (Mishra & Tripathy, 1993) 
have foiled its vast application. Also, ion exchange 
cannot be used to accommodate a wide range of 
dyes and its efficiency reduces in the presence of 
other impurities in the wastewater which compete for 
the active sites. Laszlo (1995) reported that divalent 
anions do not influence the binding capacity of the 
dyes but the presence of chloride and hydroxide ions 
could affect the binding capacity. As the chloride ion 
concentrations increased, the binding rate between 
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the dye and resin reduced. Meanwhile, the addition 
of sodium hydroxide would completely suppress the 
binding of dyes to the exchange sites (Anjaneyulu et 
al., 2005).

Oxidation process
The principle of oxidation in wastewater treatment 
is the attack of highly reactive oxidizing agent which 
results in the destruction of pollutants through 
oxidation-reduction reaction. During the chemical 
oxidation, the dyes undergo structural degradation 
to become less deleterious compounds, in which 
the bonds in the aromatic ring of dye molecule are 
cleaved (Raghavacharya, 1997). A number of oxidizing 
agents such as chlorine (Hey et al., 2010), hydrogen 
peroxide (H2O2) (Ksibi, 2006) and sodium hypochlorite 
(NaOCl) (Markou et al., 2012) had been employed in 
the wastewater treatment via oxidation process.

Advanced oxidation is considered as a physicochemical 
method which uses highly reactive hydroxyl radicals to 
cleave the bonds in pollutants and later mineralize it. 
The hydroxyl radicals can be generated by ultraviolet 
radiation of Fenton’s reagent or ozone peroxide in 
which the produced radicals contact with the organic 
pollutants in the wastewater. Fenton’s reagent is 
made up of hydrogen peroxide via activation by Fe(II) 
salts. The mechanism of Fenton process involves 
flocculation process transforming impurities into the 
sludge. According to Gregor and Schwarzer (1993), the 
Fenton process is a preferred method in wastewater 
treatment if the municipality allows the release of 
Fenton sludge into the sewage. Fenton’s reagent 
performs well in treating high dye concentrations 
at low initial pH. The advantages of Fenton process 
include the ability to simultaneously reduce the 
concentrations of chemical oxygen demand (COD), 
color and toxicity. Nevertheless, the disadvantages of 
Fenton process are only effective within a narrow pH 
range, involving sludge formation and requiring long 
reaction time (Cheng et al., 2004).

The application of ozonation process can selectively 
oxidize unsaturated bonds and aromatic structures 
(Adam & Grog, 2002). Therefore, enabling the 
degradation of chlorinated hydrocarbons, phenols, 

pesticides and aromatic hydrocarbons (Xu, 2001). 
Previous study by (Wijannarong et al., 2013) had applied 
the ozonation process to remove the reactive dyes 
from textile dyeing industries. The removal efficiency 
of up to 90% could be achieved at the reaction time 
of 6 hours. Accordingly, the use of ozonation process 
has proven can decolorize the effluent and reduce the 
COD values to which it is suitable for the discharge into 
aqueous stream. However, the drawback of ozonation 
is its short half-life which makes its continuous 
application expensive (Xu & Lebrun, 1999).

Coagulation process
Coagulation process is typically applied in both water 
and wastewater treatments. In the case of wastewater 
treatment, coagulant induces agglomeration and 
eventually causes the removal of colloidal particles. 
Coagulation occurs with the addition of cationic metal 
salt that results in particle destabilization and charge 
neutralization, promoting the formation of settable 
floc (Sahu & Chuadhari, 2013). The American Water 
Works Association (1989) proposed the coagulation 
process as the best treatment for the removal of dyes 
from wastewaters. Lin and Liu (1994) claimed that 
the chemical coagulation was very effective in textile 
wastewaters treatment which could tremendously 
reduce the load for biological treatment later. 
Short detention time and low initial cost enable the 
coagulation process appears as favorable option in 
wastewater treatment. Considering the downside, this 
method will generate enormous amount of sludge 
and cause the presence of high residual cation in the 
supernatant which prevent its vast applications.

Electrocoagulation is a simple and efficient wastewater 
treatment method which has been used to treat 
various types of wastewaters such as electroplating 
wastewater (Verma et al., 2013), laundry wastewater 
(Janpoor et al., 2011), restaurant wastewater (Chen 
et al., 2000) and poultry slaughterhouse wastewater 
(Kobya et al., 2006). This method requires a sacrificial 
anode which usually makes up of aluminum or iron 
and the coagulating metal cations are released when 
an electrical current is applied (Trompette et al.,
2008). Recently, there were several studies reporting 
the use of electrocoagulation for the treatment of 
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dyes from textile industry effluents. Nandi and Patel 
(2013) had applied the electrocoagulation reactor 
to remove the brilliant green dye from aqueous 
solution. The researchers used iron electrode in 
the electrocoagulation process and able to remove 
99.59 % of the brilliant green dye concentration. 
The removal of Direct red 81 dye by using aluminum 
electrode was reported by Zodi et al. (2013) and 
found that the increase of current density up to 200 
A/m2 had improved the dye removal efficiency to 
90.2 %. Kumar and Sahu (2013) had used tubular iron 
electrode to remove 99.4% of reactive scarlet dye at 30 
mA/cm2. However, the limitations of electrochemical 
coagulation as detailed below should not be trivialized 
(Mollah et al., 2001):

i.  The sacrificial anodes need to be replaced 
periodically.

ii.  Effluent containing low dissolved solids is less 
suitable to be treated with electrocoagulation 
as this process requires a minimum solution 
conductivity which depends on the reactor 
design.

iii.  The possibility of forming toxic chlorinated 
organic by-products during the process of organic 
compounds removal.

iv. Formation of impermeable oxide film may occur 
on the cathode which causes resistance to the 
flow of electric current.

v. High operational cost is typically needed.

Adsorption process
Among the well-established methods available, 
adsorption process has the greatest potential 
application in wastewater treatment. Adsorption 
refers to the phenomenon of adsorbates adhere 
and being removed either from aqueous or gaseous 
phase onto the solid phase carrier (Venket et al., 2000). 
Adsorbate is the substance that accumulates at the 
interface and adsorbent is the solid or carrier where 
adsorption occurs. Adsorption process has become 

prominent due to their great removal efficiency 
of pollutants (Anjaneyulu et al., 2005). In addition, 
adsorption does not result in the formation of harmful 
substances and it is economically feasible in treating 
large amount of polluted water (Crini, 2006).

The efficiency of the adsorption method is 
influenced by pH value, adsorbent dose and initial 
pollutant concentration. The pH plays a vital role 
in the adsorptive removal of dyes from aqueous 
solution due to their ionic property of dyes exists 
in aqueous phase. Adsorption can be subdivided 
into physiosorption and chemisorption (Gupta & 
Suhas, 2009). The physiosorption occurs when the 
attractive force between adsorbed molecules and 
solid surface is van der Waals force. On the other hand, 
chemisorption occurs when the attractive forces such 
as chemical bonds are present. Bello et al. (2012) had 
used banana stalk-based activated carbon (AC) for 
MG removal. It was found that the AC produced was 
effective and viable for the removal of MG dye from 
aqueous solution. Besides, sugarcane bagasse pith 
could also be fabricated into AC and employed for the 
removal of reactive orange (RO) dye (Amin, 2008). In 
addition, it was reported that the removal efficiency 
increased with the decrease in RO dye concentration 
and increase in adsorbent dosage (Amin, 2008). 
Various agricultural wastes such as hazelnut husk, date 
stone, oil palm shell, spent tea leaves, etc. had been 
used as precursors for the fabrication of AC in treating 
dyes bearing wastewaters. Table 2 summarizes the 
maximum adsorption capacities of cationic dyes onto 
various ACs prepared from agricultural wastes.
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Table 2: Comparison of maximum adsorption capacities of cationic dyes onto various 
ACs prepared from agricultural wastes.

AC precursor Adsorbate
Maximum 

adsorption 
capacity (mg/g)

 Reference

Hazenut husk Methylene blue 476.2 Karacetin et al. (2014)

Date pits Methylene blue 259.3 Theyden & Ahmed (2012)

Rattan sawdust Methylene blue 294.1 Hameed et al. (2007)
Oil palm shell Methylene blue 133.1 Foo & Hameed (2012a)
Date stone Methylene blue 316.1 Foo & Hameed (2011)
Spent tea leaves Malachite Green 256.4 Akar et al. (2013)
Rambutan peel Malachite Green 329.5 Mohd Azmier et al. (2011)
Bamboo Malachite Green 263.6 Hameed & El-Khaiary (2008)
Ginger waste Malachite Green 

Crystal violet

188.6 

277.7

Ahmad & Kumar (2010) 

Kumar & Ahmad (2011)
Coconut coir Malachite Green 27.4 Uma et al. (2013)
Hevea brasiliensis 
seed coat

Basic blue 3 227.3 Hameed & Daud (2008)

Male flower 
coconut tree

Crystal violet 85.8 Senthilkumaar et al. (2006)

Adsorption isotherms

Adsorption isotherm is fundamentally crucial to 
elucidate the interaction between the adsorbate and 
adsorbent and optimize the use of adsorbent. The 
amount of adsorbate on the adsorbent is determined 
as a function of its pressure or concentration at 
constanttemperature (Sakshat, 2015). Accordingly, 
the adsorption isotherm is represented by the 
relationship between the amount adsorbed per unit 
weight of adsorbent and the amount of adsorbate 
remaining in a test medium at a constant temperature 
(Rangabhashiyam et al., 2014). Conventionally, there 
are three types of models commonly used in the 
isotherm studies for the dye removal.

Langmuir isotherm
Langmuir isotherm describes the adsorption of 
adsorbate onto the surface of the adsorbant with 
three assumptions as stated below (Sime, 1990):

●  The surface of the adsorbent is in contact with an 
aqueous solution containing adsorbate in which 
will be strongly attracted to the surface.

●  The surface of the adsorbent must has a specific 
number of sites where the adsorbate molecules 
can be adsorbed.

● The adsorption involves the attachment of 
only single layer of adsorbate molecules to 
the adsorbent surface which is also known as 
monolayer adsorption.

Langmuir isotherm model can be represented by the 
Eq. 1.

      (1)

where Ce is an equilibrium concentration of adsorbate 
(mg/L) , qe is an adsorbate amount adsorbed per 
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gram of the adsorbent at equilibrium (mg/g), qmax is a 
maximum monolayer adsorption capacity (mg/g) and 
KL is a Langmuir isotherm constant (L/mg).

Freundlich isotherm
Freundlich isotherm is used to relate the amount 
of adsorbate on the surface of an adsorbent to the 
amount of adsorbate in the liquid phase. Furthemore, 
the adsorption characteristics for the heterogeneous 
surface can be described by Freundlich isotherm 
model represented by Eq. 2 (Dada et al., 2012).

(2)

where KF is a Freundlich isotherm constant (mg/g) 
and n is an adsorption intensity.

Temkin isotherm
Lastly, Temkin isotherm assumes that the adsorption 
heat of all molecules decrease linerly with the 
increase in contact area of the adsorbent surface. In 
addition, the adsorption is characterized by a uniform 
distribution of binding energies (Piccin et al., 2011). 
The Eq. 3 represents the Temkin isotherm model.

(3)

where aT is a Temkin isotherm equilibrium binding 
constant (L/mg) and bT  is a Temkin isotherm constant. 
Table 3 shows the best isotherm models in describing 
dye removal via adsorption process. The Langmuir 
model was found to be the most commonly applied 
isotherm model to describe the adsorption process 
of dyes as compared with either Freundlich or Temkin 
model.

Table 3  :  The best isotherm models in describing the removal of various dyes via adsorption process

Adsorbent type Dye Isotherm model Reference
Pomelo peel 
(Citrus grandis)

Methylene blue Langmuir Hameed et al. (2008)

Canola Stalks Acid Orange 7, 
Remazol Black 5 

Langmuir Hamzeh et al. (2012)

Jujuba seeds Congo red Langmuir Somasekhara 
Reddy et al. (2012)

Olive-waste cakes Lanaset Grey G Langmuir Baccar et al. (2010)
Sesame hull Methylene blue Langmuir Feng et al. (2011)
Olive-waste cakes BlackDycem TTO Langmuir Baccar et al. (2013)
Swede rape straw Methylene blue Langmuir Feng et al. (2012)
Rambutan peel Acid yellow 17 Langmuir Njoku et al. (2014)
Coffee ground Crystal Violet Langmuir Pavlovic et al. (2013)
Mustard husk Alizarin Red S Freundlich Gautam et al. (2013)
Cocoa pod husk Methylene blue Freundlich Pua et al. (2013)
Almond gum Methylene blue Freundlich Bouaziz et al. (2015)
Rambutan peel Malachite green Freundlich Ahmad &  Alrozi (2011)
Banana peel Methylene blue Freundlich Amel et al. (2012)
Watermelon rind Congo Red Temkin Ibrahim & Sani (2014)
Neem Leaves Congo Red Temkin Ibrahim & Sani (2014)
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ADSORBENT PRECURSORS

Adsorbent acts as a medium to concentrate adsorbates 
from solution. The distinct characteristics of adsorbent 
are high in thermal stability and abrasion resistance in 
addition to small pore diameters (Bello et al., 2013). 
Among the adsorbents, activated carbon (AC) is 
the most prevalently used due to its e�ectiveness, 
versatility and excellent in weeding out various 
aqueous pollutants. The US Environmental Protection 
Agency cited the adsorption using AC is one of the 
best available control technologies in the wastewater 
treatment (Derbyshire et al., 2001). The superiorities 
of AC are attributed to high porosity, large surface 
area and variable characteristics of surface chemistry 
which spur the adsorption process (Dias et al.,
2007).  Furthermore, AC is highly e�ective in treating 
wastewater loaded with various dyes due to its large 
porous surface area and surface chemistry (Evans et 
al., 1999).  Surface chemistry could deeply in�uence 
the charge, hydrophobicity and electronic density of 
AC surface. Nevertheless, the high production cost 
and problems with regeneration have limited the AC 
usage. As of now, there are many studies focus on 
the development of low-cost AC adsorbents derived 
from waste materials particularly originating from 
agriculture and industries. 

Precursors from non-food industrial wastes

The development and growth of industrial activities 
have led to huge amount of solid waste materials 
being generated as by-products, causing major 
disposal problems and pollution to the environment. 
The transformation of industrial wastes into low cost 
AC adsorbent is anticipated to cushion the impact. 
Since the industrial wastes are used as feedstock with 
almost no cost involved, they greatly reduce the price 
of adsorbent production. 

Fly ash is a �ne grey powder produced from coal-�red 
power stations. Fly ash contains high percentage 
of silica and alumina which makes it suitable to be 
used as inexpensive adsorbent for bulk application. 
Table 4 shows the applications of modi�ed �y ash 
as adsorbent in wastewater treatment. Mohan et al. 
(2002) had investigated the uses of �y ash as low-cost 
adsorbent for the removal of cationic dyes crystal 
violet and rosaniline hydrochloride. The researchers 
found that the adsorption rates of dyes increased 
with increasing of temperature which indicated the 
adsorption process to be endothermic in nature. 
Gupta et al. (1990)  used �y ash and coal mixtures 
for omega chrome red dye removal from aqueous 
solution. The authors vindicated that the coal �y ashes 
could be used for the sorption of both basic and acid 
dyes from aqueous solution without involving costly 
pretreatment.

Table 4 :  Applications of modi�ed �y ash as an adsorbent in treating dyes bearing wastewaters.

Modification mode Dyes bearing 
wastewater Reference

Sonochemical Methylene blue Wang & Zhu (2005)
Hydrothermally 
modified with NaOH and 
Hexadecyltrimethylammonium 
bromide (HTAB) treatment

Methylene blue mixed 
with heavy metals 
(Cd2+ and Cu2+)

Visa & Chelaru (2014)

Activated fly ash Methylene blue Banerjee et al. (2014)
Co-precipitation with Ni/Fe 
nitrate salts and NaOH 

Congo red (CR) Sonar et al. (2014)
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Red mud is a by-product from aluminum industries 
which is mainly acquired from bauxite processing via 
Bayer process. In 1998, red mud had been exploited 
as an adsorbent by Lopez et al. (1998) for wastewater 
treatment. Siboni et al. (2014) studied the removal 
of acid blue 113 (AB 113) and reactive black 5 (RB 5) 
dyes from aqueous solution by activated red mud. 
According to the authors, the activated red mud 
had higher removal e�ciency for AB113 than RB5. 
In addition, the maximum adsorption capacities 
for AB113 and RB5 by activated red mud at pH 3 
were 83.33 and 35.58 mg/g, respectively. Activated 
red mud was also used in the removal of congo red 
in which it required 90 min to attain adsorption 
equilibrium with the best-�t adsorption isotherm 
of Langmuir model (Tor & Cengeloglu, 2006). The 
comparison study of �y ash and red mud employed 
as adsorbent for the removal of methylene blue was 
conducted by Wang et al. (2005) and found that the 
�y ash generally demonstrated higher adsorption 
capacity as compared with red mud.

Precursors from food industrial wastes
Food waste is inevitably generated from food 
processing industries. Indeed, food industries 
produce large volumes of wastes daily. This untoward 

situation is not only burdening the land�ll but also 
causing pollution to the environment.  However, food 
waste has a potential to be converted into value-
added products such as precursor in fabricating AC. 

The world’s largest producers of peanuts are 
India and China. Considering the limited space of 
land�lling, peanut waste utilization has become 
an attractive alternative path for disposal. In the 
peanut processing industry, wastes such as peanut 
skin, hull and vine are generated from peanut butter 
processing.  Peanut hull and peanut husk have been 
widely used as an adsorbent in the wastewater 
treatment process (Bhatnagar & Sillanpaa, 2010). 
Table 5 shows the application of peanut wastes as an 
adsorbent in dyes bearing wastewaters treatment. 
The adsorbent derived from peanut wastes can be 
used to remove dyes and heavy metals present in the 
industrial e�uents. Okieimen et al. (1991) modi�ed 
the groundnut husks with EDTA and found that the 
rate of metal-ion binding capacities to the modi�ed 
peanut wastes were 0.36 and 0.19 mmol/g for Cd(II) 
and Pb(II) ions, respectively. For the adsorption of 
dyes, the peanut shell was chemically activated 
with ZnCl2 prior to its use to remove MG in aqueous 
solution (Malik et al. 2007). 

Table 5  :  Application of peanut wastes as an adsorbent in treating dyes-bearing wastewaters.

Precursor Adsorbate Output Reference

Peanut hull

Amaranth (AM), 
sunset yellow (SY) 
and fast green (FG)

The biosorption processes followed the pseudo-first-order 
rate kinetics and at pH 2. The maximum adsorption capacity 
of AM, SY and FG were 14.09, 13.99 and 15.60 mg/g, 
respectively.

Ding, et al. 
(2005)

Methylene blue (MB),
Brilliant cresyl Blue 
(RCB) and 
Neutral red (NR)

The adsorption processes followed the pseudo-first-order 
rate kinetics at pH 4. The maximum dye removal percentage 
of MB, RCB and NR were 91.32 %, 96.32 % and 97.79 %, 
respectively.

Gong et al. 
(2005)

Reactive black 5 
(RB5)

The adsorption process followed the pseudo-second-order 
kinetics. The monolayer adsorption capacity of peanut hull 
was found to be the highest at 60 oC which was 55.55 mg/g.

Tanyildizi 
(2011)

Peanut husk

Neutral Red (NR)
The pseudo-first and pseudo-second order models could be 
used to describe the adsorption kinetics and the adsorption 
capacity of NR was found to be 37.5 mg/g at 295 K.

Han et al.
(2008)

Methylene blue (MB)

The kinetic process was better described by pseudo-
second-order kinetics and the equilibrium adsorption was 
effectively describe by Temkin adsorption isotherm in batch 
mode. In fixed-bed column mode, the data were fitted well 
in Thomas, Clark and modified dose-response models.

Song et al.
(2011)
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Tea is one of the most popular and a�ordable 
beverages known worldwide. The largest producer 
and consumer of tea is India followed by China, 
Sri Lanka, Kenya and Indonesia. The waste from 
this industry is typically left to be rotted or burnt. 
Nevertheless, researchers had found the use of tea 
leaves waste to serve as a precursor for AC production 
(Duran et al. 2011). Spent tea leaves were used as an 
adsorbent for methylene blue removal as reported 
by Hameed (2009).  The methylene blue removal by 
spent tea leaves was also studied by Uddin et al. (2009) 
who proved the extent of dye removal increased with 
increasing of initial dye concentrations. In addition, 
tea waste was also used to remove malachite green 
(Akar et al., 2013), congo red (Foroughi-dahr et 
al.,  2015) and methyl violet 2B ( Lin et al., 2014) via 
adsorption process.

Co�ee is another popular beverage globally. Brazil 
is the largest producer of green co�ee followed by 
Vietnam and Colombia. Spent co�ee grounds from the 
brewing process are the primary waste product. Since 
2011, the instant co�ee industry has experienced 
a constant growth as millions of people around the 
world consume instant co�ee daily. Wastes from 
co�ee industry also had been exploited to be used as 
the adsorbent for wastewater treatment (Bhatnagar & 
Sillanpaa, 2010). Kyzas et al. (2012) had investigated 
the removal of dyes from aqueous solution using 
untreated co�ee residues as potential low-cost 
adsorbent. The authors found that the maximum 
adsorption capacities for the reactive dye was 179 
mg/g, meanwhile 295 mg/g for the basic dye. The 
adsorption capacity of AC derived from spent co�ee 
grounds treated with ZnCl2 and H3PO4 had been 
investigated by Namane et al. (2005). The authors 
reported that the co�ee grounds based AC was a 
promising adsorbent for phenol and dye removal from 
aqueous solution.  Also the degreased co�ee bean 
had been substantiated to be capable of adsorbing 
malachite green from dyeing process wastewaters. 
Baek et al. (2010) and Shen & Gondal (2013) had used 
exhausted co�ee ground to remove Rhodamine (Rh) 
dye from aqueous solution. The maximum adsorption 
capacities of Rh B and Rh 6G were found to be 5.255 
and 17.369 µmol/g, respectively, from Langmuir 

model �tting.

Precursors from agricultural wastes
Agriculture is the most important industry worldwide 
to produce food supporting human being. Agricultural 
wastes generated have generally low economic value 
due to their abundant availability in addition to causing 
signi�cant environmental degradation. However, it is 
fortunate that the agricultural waste can be a good 
source for AC production due to their physiochemical 
characteristics, Hence, transformation of agricultural 
wastes into AC was able to at least partially solve the 
disposal problems. Currently, various agricultural 
wastes have been explored as low-cost adsorbent. 

Rice is one of the major crops grown throughout the 
world and act as a principle staple food for majority 
of world’s population. Concomitant with the rapid 
development of rice milling industries, a huge amount 
of rice husks is generated during the rice milling 
process. There are many researchers investigated 
the utilization of rice husk as novel adsorbents in 
wastewater treatment. Sivakumar et al. (2012) had 
studied the color removal of direct red 23 from dye 
e�uent via adsorption process using rice husk. The 
authors had used both the treated and untreated rice 
husk as the adsorbent for the removal of direct red 
23. The �ndings of these studies highlighted that the 
higher the initial dye concentrations, the higher the 
percentages of dye removal for both untreated and 
treated rice husks. Generally, the treated rice husk 
showed higher percentage of removal which was 
39% as opposed to 26.67% achieved by untreated 
rice husk.  Adsorption of Crystal Violet (CV) from 
aqueous solution onto NaOH-modi�ed rice husk 
was investigated by Chakraborty et al. (2011). The 
thermodynamic parameters of the experiment 
suggested that the adsorption of CV by rice husk is 
an exothermic reaction and followed pseudo-second 
order kinetic model with a maximum adsorption 
capacity of 44.87 mg/g. Sharma et al. (2010) had 
compared the removal e�ciency of methylene blue 
by using rice husk and  rice husk ash. The authors 
reported that the maximum monolayer adsorption 
capacity by rice husk was 1347.7 mg/g and rice husk 
ash showed slightly higher adsorption capacity which 
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was 1455.6 mg/g.1

Sugarcane bagasse ash, an agricultural by-product, 
can act as the adsorbent for the removal of dyes from 
aqueous solution (Kanawade et al., 2010). The authors 
had carried out a batch adsorption study to investigate 
the removal of Acid Orange-II from aqueous solution 
by immobilizing the sugarcane bagasse ash on a 
bed. They reported that the bagasse ash was a good 
adsorbent for the removal of acid orange and the 
percentages of dye adsorption increased with the 
decrease in �ow rate from 2 to 1 L/h and increasing 
bed height from 15 to 45 cm. Wong et al. (2009) had 
used sugar cane bagasse to remove the Basic Blue 3 
(BB3) and Reactive Orange 16 (RO16) from aqueous 
solution. Results of the studies indicated that the 
maximum sorption capacities were 37.59 and 34.48 
mg/g for BB3 and RO16, respectively, acquired from 
Langmuir isotherm model.

Wheat  is  another common and  abundant  crop 
available  worldwide and its  wheat residue by-
products such as wheat bran and wheat straw are being 
considered as a signi�cant waste disposal problem 
nowadays. Zhong et al. (2011) had discussed the 
preparation and characterization of modi�ed wheat 
residue and its utilization for anionic dye removal. 
The authors reported that the maximum sorption 
capacity of modi�ed wheat residue for reactive red 
24 was found to be 200 mg/g and its adsorption 
kinetics could be described by the pseudo-second-
order kinetics. On the other hand, wheat bran was 
used by Cicek et al. (2007) for the adsorption studies 
of Reactive Blue 19 (RB19) , Reactive Red 195 (RR195) 
and Reactive Yellow 145 (RY145). The researchers 
realized that the reactive dyes adsorption capacities 
by wheat bran decreased in the order of RY145 > 
RB19 > RR195. Ozer & Dursun (2007) had used the 
dehydrated wheat bran for the removal of methylene 
blue with maximum adsorption capacity of 222.2 
mg/g at 45oC and pH of 2.5. Wheat husk was also 
being used as adsorbent for the removal of Reacto Fix 
Golden Yellow 3 (RFGY 3) in aqueous solution (Gupta 
et al., 2007). The utilization of agricultural wastes 
to fabricate activated carbon had also been widely 
investigated by various researches, namely sun�ower 

stem waste (Jain et al., 2009), oil palm wood (Ahmad et 
al., 2007), oil palm shell (Hesas et al., 2013), pineapple 
waste biomass (Mahamad et al., 2015), coconut frond 
(Njoku et al., 2014) and banana frond (Foo et al., 2013).

FABRICATION METHODS OF ACTIVATED CARBON

The fabrication of AC from solid biomass wastes can 
be materialized either through physical activation or 
chemical activation. The aim of activation process is 
to enhance the porosity of AC by enlarging the pore 
volume and diameter. 

Physical activation
In physical activation, the raw materials are �rstly 
carbonized at temperature below 800oC followed 
by controlled gasi�cation at higher temperatures 
in a stream of an oxidizing gas. Steam or carbon 
dioxide (CO2) are the common oxidizing gases 
used in physical activation. However, steam is more 
e�ective than CO2 as it can produce AC with relatively 
large surface area. Moreover, steam activation was 
proven to be faster than CO2 activation (Nowicki et al., 
2010). The principle characteristics of the adsorbent 
materials for pollutants removal from the solution are 
highly porous with large total surface area, robust in 
physical strength, the presence of functional groups 
with appropriate surface chemistry and possessing 
high rate of adsorption towards adsorbates (Crini & 
Badot, 2010).

Nowicki and Pietrzak (2010) had physically activated 
pine sawdust for the application of NO2 removal at 
800oC for four di�erent periods of time, 30, 60, 90 and 
120 min. They realized that pine sawdust activated for 
120 min yield the greatest total surface area (BET) of 
352 m2/g and 342 m2/g of micropore area. Sekirifa et 
al. (2013) reported the preparation of AC from date 
stones by physical activation with carbon dioxide 
and found that the AC produced poses 604 m2/g 
and micropores volumes of 0.29 cm3/g. The AC was 
then used in the removal process of 4-chlorophenol 
with adsorption capacity about 28.57 mg/g attained 
from Langmuir model. Besides that, date stones was 
physically activated in the presence of water vapor by 
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Bouchelta et al. (2008).  The authors obtained the best 
speci�c surface area of 635 m2/g and microporous 
volume of 0.716 cm3/g under a nitrogen �ow rate 
of 100 cm3/min followed by the activation with 
water vapor at 700oC for 6 h. Hidayu et al. (2013) 
produced AC with oil palm empty fruit bunch by 
steam activation. The optimum condition to produce 
a large speci�c surface area of 720 m2/g and total 
pore volume of 0.341 cm3/g was found to be 765oC 
activation temperature and 77 min of activation time. 
Demiral et al. (2011) had activated olive bagasse by 
physical activation with the produced AC possessed 
BET surface of 1106 m2/g and pore volume of 0.6067 
cm3/g. Valix et al. (2004) reported the usage of high 
raw bagasse ash in physical activation to yield BET 
surface of 1433 m2/g and microporous size of 1.2 nm.

Chemical activation
In chemical activation, the precursor is impregnated 
with an activating agents. The commonly used 

activating agents are ZnCl2, H3PO4, NaOH and KOH. 
Table 6 shows the exploitation of various activating 
agents in the fabrication of AC from agricultural waste 
precursors. These agents play roles in the development 
of porosity via dehydration and degradation impacts. 
The use of H3PO4 o�ers several advantages such 
as non-polluting character as opposed to ZnCl2, 
which can be eliminated by leaching with water and 
recyclable for further use (Jagtoyen & Derbyshire, 
1998).

The most signi�cant advantages of chemical activation 
over physical activation are the lower treatment 
temperature and shorter treatment time. In addition, 
AC produced from chemical activation possesses 
larger surface area with well controlled microporosity 
in smaller range (Sumathi et al., 2010). Furthermore, 
the chemical activation yields higher carbon content 
as compared with physical activation.  

Table 6  :  Application of various activating agents in fabricating AC derived 
from agricultural waste precursors.

Activating agent Precursor References

ZnCl2 Corn cob
Waste bagasse
Terminalia arjuna nut
Tamarind wood 
Sour cherry
Hazelnut husk 
Grape stalk 
Coffee  residue

Tsai et al. (1998)
Tsai et al. (2001)
Mohanty et al. (2005) 
Achary et al. (2009)
Angin (2014)
Karacetin et al. (2014)
Ozdemir et al. (2014)
Boonamnuayvitaya et al.(2005)

H3PO4 Olive stones
Bamboo
Cotton stalks
Kraft lignin
Peach pits
Jackfruit peel
Cassava peel

Yakout & Sharaf (2012)
(Liu et al. (2010)
Nahil & Williams (2012)
Montane et al. (2005 )
MacDonald & Quinn (1996)
Prahas et al. (2008) 
Sudaryanto et al. (2006)

NaOH Coconut shell
Rice husk
Jackfruit peel 
Durian shell

Cazetta et al.(2011)
Chen et al.(2013)
Foo & Hameed (2012c)
Foo & Hameed (2012d)

KOH Rambutan  peel
Pomegranate peel
Pineapple peel
Sugarcane molasses

Njoku, Foo, et al.(2014)  
Ahmad et al. (2014)
Foo & Hameed (2012b)
Srenscek-Nazzal et al. (2013)
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The choice of the activating agents is crucial as it 
controls the type of functional groups present on 
the surface of the fabricated AC. Thus, a careful 
selection of these chemicals to yield the desired 
physicochemical properties would exert a dramatic 
e�ect on the uptake of certain pollutants. Sim et al. 
(2011) had impregnated co�ee ground waste with 
sulfuric acid. The impregnation ratio of 0.5 was found 
to be optimum in the AC fabrication with high pore 
surface area of 224.7 m2/g and microspore volume of 
0.07986 cm3/g. Li et al. (2015) had studied the e�ect of 
impregnation ratio on the ultra-micropores formation 
in peanut shell activated carbon. It was found that 
the ultra-micropores of the AC produced was mostly 
in the range of 0.45-0.70 nm and the greatest ultra-
microspores was found for the impregnation ratio of 
2.0. Apart from that, activating agents also in�uence 
the pore development of AC. The BET surface area 
analysis was employed to compare the ACs prepared 
from co�ee husks activated using FeCl3 and ZnCl2 

(Oliveira et al., 2009). It was found that the surface 
area of activated carbon treated with ZnCl2 was 1522 
m2/g as opposed to 965 m2/g for the AC activated 
with FeCl3. Re�as et al. (2010)  had used H3PO4 to 
activate the co�ee grounds and found to yield high 
surface area of  925 m2/g and pore volume as large as 
0.7 cm3/g with a neutral surface.

The physical characteristic of the activated carbon is 
largely a�ected by the carbonization temperature. 
The decomposition temperature of hemicelluloses 
and cellulose occur in the temperature ranges of 180-
240oC and 230-310oC, respectively. However, lignin 
began to decompose at a wider temperature range 
of 150-750oC. Furthermore, the decomposition rate of 
lignin is slow (Nunn et al., 1985). Ozdemir et al. (2014) 
had prepared and characterized the AC derived 
from grape stalk via chemical activation. The authors 
observed that by increasing the carbonization 
temperature for a �xed activation time had resulted in 
the decrease of yield but increase in BET surface area, 
indicating the volatiles from the samples evolved 
with increasing carbonization temperature. 

Carbonization time refers to the period of time that 
the sample is subjected to carbonization at constant 

temperature determined earlier. The carbonization 
time exerts a signi�cant e�ect on the porous network 
development in the activated carbon. An optimized 
pore size distribution is necessary in order to facilitate 
the adsorption process by providing maximum 
adsorption sites and channels in transporting the 
adsorbates. Hence, the precursor must be treated 
with suitable carbonization time and temperature to 
attain maximum adsorption capacity. In many studies, 
which used co�ee ground in the preparation of AC by 
chemical activation selected carbonation time range 
of 1 to 2 hours (Oliveira et al., 2009; Re�as et al., 2010). 
Rachdiati and Pari (2015) reported on the activation 
of kluwak shells at di�erent activation times. The 
authors found that at activation time of more than 120 
min, the activated carbon showed high adsorptive 
capacity towards benzene and chloroform in addition 
with the pore size of more than 0.025 mm. Auta and 
Hameed (2011) had manipulated the activation time 
during the production of AC from tea waste. The 
researchers reported that at 120 min, high surface 
area of AC of 854.30 m2/g was produced. Gratuito et 
al. (2008) reported that at 19.5 min of activation time 
was the optimum time to produce AC from coconut 
shell with small pore diameter of 1273.23 nm. Arash 
et al. (2012) had investigated the e�ect of activation 
time in the production of activated carbon from palm 
shell by using combination of chemical and physical 
activation methods. At optimum activation time of 
135 min, the AC with 642 m2/g of BET surface area and 
0.28 cm3/g of total pore volume was produced. 

Figure 1 illustrates the general process of producing 
AC commercially. The �nal products formed from 
physical activation and chemical activation is AC with 
large surface area ranging from 500 to 2000 m2/g 
(Carrott et al., 1991). The most commonly available 
forms of activated carbon in the market are powdered 
activated carbon (PAC) and granular activated carbon 
(GAC). There are numerous studies on the usage 
of GAC in the removal of pollutants from aqueous 
solution due to the fact that the granular form is more 
adaptable to continuous contacting and no further 
separation process is required to separate the GAC 
from bulk �uid (Gupta & Suhas, 2009).  PAC is more 
commonly being used in wastewater treatment due 



15VOLUME ELEVEN NUMBER ONE  JANUARY - JUNE 2015  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

to low capital cost and lesser contact time required 
to complete the wastewater treatment process 
(Najm et al., 1991). Recently, there are two more 
forms of activated carbon being used in the studies 
of wastewater treatment which are activated carbon 
pellet and activated carbon �ber (ACF). The pelletized 
ACs are generally prepared from the pulverization 
of coal and re-agglomerated with suitable binder 
and then physically activated.  Pelletized AC is made 
especially for the application in vapor application 
(Gupta & Suhas, 2009). Adelodun et al. (2014) reported 
the usage of pelletized activated carbon as the CO2

adsorbent. The researchers modi�ed the pelletized 
activated carbon with H2O2 and concluded that 
by lowering the concentration and temperature of 
H2O2 when being used as a pre-treating agent prior 
amination improved physical adsorption of CO2. ACF 

are generally prepared from polymeric precursor 
materials such as poluacrylonitrile (PAN), cellulose, 
pitch and polyvinylchloride.  Besides, carbon �ber 
can be made with pitch-based precursor. Fallou et 
al. (2016) proved that the usage of ACFC shown 
promising results when applied to water treatment 
process especially for the removal of organic 
micropollutants such as pharmaceutical compounds. 
Zhou et al. (2015) demonstrated the fesibility of using 
ACF as metal-free catalyst for peracetic acid activation 
(PAA) as a novel strategy for wastewater treatment. 
The researchers emphasized on examining the dye 
removal in the ACFs/PAA system and proved that PAA 
could be e�ectively activated by ACFs to remove RR 
X-3B which generated no secondary pollution due to 
the absence of metal catalyst.

Adsorbent precursors

Physical activation Chemical activation

Carbonization between 
600 and 900oC with 

N2/Ar flow

Mixed with activating 
agents such as H3PO4/ 

KOH/ NaOH

Activation between 600 
and 1200oC with
CO2/O2/H2O flow

Activation between 450 
and 900oC with N2 flow

Washing & Drying

Sieving

Powdered activated 
carbon (PAC)

Size: < 0.18 mm

Pelletised activated 
carbon

Size: 0.8 – 5 mm

Activated carbon 
fiber

Size: < 5 nm

Granular activated 
carbon (GAC)

Size: 0.2 – 5 mm

Ready for use

Figure 1: The general process involved in commercial production of AC
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CONCLUSIONS

The threat of dyes bearing wastewater should not 
be taken lightly. This stream should be stringently 
treated before the disposal to abate the harmful 
impact of dye compounds. Accordingly, the election 
of treatment approaches is important to ensure 
the discharge standard is satis�ed in addition 
to minimize the treatment cost. As solid wastes 
generated from human activities are accessible with 
negligible cost involved, the use of these wastes as 
a precursor for adsorbent fabrication can avoid this 
potential resources from being placed in the land�ll 
sites inde�nitely. Therefore, the adsorption process 
application in remediating dyes bearing wastewater 
is regarded as win-win strategy capable of ensuring 
a sustainable treatment which contributes to better 
environmental protection.
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ABSTRACT

In Malaysia, the annual electricity consumption is 107 TWh, and is expected to increase year by year. According to a 
published reference, 37 % of the total electricity is consumed by space cooling. The authors have surveyed possible 
replacement technologies for space cooling and the potential of biomass residue in Malaysia. In Malaysia, 1015 PJ of 
biomass residues is available as solid fuel sources annually. When we attempt to use biomass solid fuel as an energy 
source for space cooling, absorption cooling system is considered as the most appropriate technology since the heat 
pump can be driven by thermal energy, not electricity. The authors discuss the possibility for replacement of existing 
CFHC (chloro�uorinated hydrocarbon) heat pump type cooling system with absorption type space cooling system 
�red by biomass derived solid fuel. The authors also introduce the trend of absorption cooler sales in Japan, where 
biomass-driven absorption space cooling unit has been commercialized. Finally, a key technology, torrefaction, to 
prevent natural degradation of biomass derived solid fuel is introduced.

Keywords—biomass; solid fuel; electricity consumption; absorption cooler; Malaysia

INTRODUCTION 

Electricity is the most convenient, but the most 
expensive form of energy in general. Electricity 
consumption therefore increases with economic 
development in every country [1]. Chandran et al. 
[2] discussed this issue specifically for Malaysia, and 
suggested that electricity consumption has a positive 
impact on GDP for Malaysia, and the magnitude 
of the impact ranges from 0.68 to 0.79. The major 
primary energy sources for electricity are mainly 
fossil fuels including heavy oil, coal and natural gas. 
Some types of renewable energy including hydraulic, 
wind, tidal, solar and biomass are also utilized, but the 
contribution is still not significant.

The final purpose of this study is to propose a 
realistic and achievable option how to decrease the 
consumption of electricity which is generated from 
fossil fuels in Malaysia. To perform this purpose, 

we surveyed the amount and source of energy for 
generating electricity, and the use of electricity 
in Malaysia. Based on the information collected, 
we propose how to decrease the consumption of 
electricity which is generated from fossil fuels in 
Malaysia.

ELECTRICITY GENERATION AND 
CONSUMPTION IN MALAYSIA

A. Electrity generation
Fig. 1 shows the electricity generated, the energy 
input and the efficiency in Malaysia, which are taken 
from governmental statistics [3]. The annual electricity 
generation increased from 23 to 119 TWh from 
1990 to 2011. Correspondingly the primary energy 
consumption for generating electricity also increased 
from 71 to 325 TWh. The efficiency ranges from 30 to 
40 %, and shows a trend of slight increase.
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Figure 1  :  Electricity generated and input for 
generating electricity in Malaysia

Fig. 2 shows the breakdown of the total electricity 
into the sources, namely, the type and amounts of 
the primary energy sources for generating electricity, 
which was taken from governmental statistics [3]. 
In 1990, the largest source for generating electricity 
was oil. The type of the energy sources included oil, 
natural gas, coal and hydraulics, which are the same 
as the present ones.

Figure 2  :  Electricity generated and its 
sources in Malaysia

Since then, the amounts of these four sources 
have changed in three distinctive ways as follows: 
decrease in oil, increase in natural gas and coal, and 

no significant change in hydraulics. Nowadays natural 
gas and coal are the two major sources.

B. Electricity consumption
1) Sector: The governmental statistics for the 
electricity consumption in Malaysia [4] are summarized 
in Fig. 3. In 2011, the total consumption was 107 TWh. 
The three major sectors consuming electricity are 
obviously residential, industrial and commercial, 
which consume 23, 47, 37 TWh, respectively.

Figure 3 : Electricity consumption in Malaysia

The total amount of consumption is expected to 
increase as the economic growth in the future [1,2].

2) Space cooling: A recent report clarified that 
considerable portion of the electricity consumption is 
from space cooling [5]. Fig. 4 shows the consumption 
together with the percentage against the total. The 
amount is increasing steadily, and its percentage once 
decreased from 36 to 31 % from 1990 to 1997, but has 
been increasing steadily to 37 % since 1997.
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Figure 4  : Electricity consumption by 
space cooling in Malaysia

BIOMASS RESIDUES IN MALAYSIA: 
POSSIBLE REPLACEMENT FOR 
ELECTRICITY SOURCES 

There are several types of agricultural residue available 
in Malaysia as shown in Table I. They include 16.6 
million t-wet/y of oil palm trunk, 114.4 million t-wet/y 
of oil palm fronds, 19.0  million t-wet/y of empty fruit 
bunches (EFB), 11.4 million t-wet/y of mesocarp fiber, 
4.7 million t-wet/y od palm kernel shell (PKS), 3.44 
million t-wet/y of rice husk, 0.49 million t-wet/y of 
rice straw, 0.07 million t-wet/y of sugarcane bagasse, 
7.86 million t-wet/y of wood residue. The total energy 
amounts to 1014.9 PJ/y.

Table I  :  Agricultural biomass residues in Malaysia in 2013

Waste Type

Annual 
Generation

Annual Energy 
(dry based)

million 
t-wet/y PJ Mtoe

Lignocellulose

Trunk 16.6 78.7 1.87

Fronds 114.4 477.8 11.38

EFB 19.0 105.0 2.50

Fibre 11.4 120.9 2.88

Shell 4.7 72.9 1.73

Rice husk 3.44 38.8 0.92

Rice straw 0.49 5.4 0.13

Sugarcane 
bagasse 0.07 0.9 0.02

Wood waste 7.86 114.4 2.72

Subtotal 168.0 1014.9 24.2

Other POME 56.9 30.6 0.73

Fat Rubber Seed oil 0.02 7.5 0.18

Total - 1053.0 25.1

BIOMASS-FIRED ABSORPTION COOLER 
AS A REPLACEMENT OF EXISTING 
COOLING SYSTEM

As discussed in the Section II-B-2), 37 % of the 
electricity is consumed by space cooling in Malaysia. 

If absorption cooling system with a renewable fuel 
is utilized more instead of electricity-driven cooling 
system in Malaysia, this problem will be mitigated. 
When we look at renewable fuels, possible ones 
are from agricultural residues shown in Table 1. 
This is detailed in a previous paper [6]. From Table 1, 
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lignocellulosic residues from palm oil industry 
amounts to 1015 PJ/y. As shown in Fig. 4, 35 TWh or 
126 PJ of electricity was consumed for space cooling 
in 2008. For providing the same amount of cooling 
power, the thermal energy required for absorption 
cooling system can be estimated as:

126 x 3 / 0.9 = 420 PJ/y,

where the factor 3 is the ratio of COP of CFHC (3) to that 
of absorption type (1); the factor 0.9 is the efficiency 
for thermal energy from solid fuel to absorption 
cooler. So, this demand 420 PJ/y is comparable to the 
energy potential 1015 PJ/y estimated above.

In Japan, 0.8 to 1.2 GW of absorption coolers were 
sold annually from 2007 to 2012 as shown in Fig. 
5 (closed circle key) [7]. Unfortunately the total 
number or capacity of biomass-driven absorption 
coolers commissioned is not available, while it may 
be increasing. Biomass-driven absorption coolers are 
categorized into two; one is indirect heating, another 
direct heating. The direct heating type is much less 
popular than the indirect one due to its short history. 
Even though considerable number of direct heating 
absorption coolers has been commissioned; 80 units 
or 8.2 MW in total capacity since its commercialization 
several years ago.

Figure 5  :  Absorption cooler sales in Japan

SHELF LIFE OF BIOMASS RESIDUES

In hot and humid areas such as Malaysia, a special care 
must be taken to maintain the quality of biomass solid 
fuels since they are biodegraded rapidly. The author 
measured natural degradation of EFB, mesocarp fiber 
and palm kernel shell, the representative biomass 
residues in Malaysia. The representative result is 
shown in Fig. 6. 

Figure 6  :  Natural degradation of EFB, mesocarp 
fiber and palm kernel shell under ambient condition

As shown in this figure, EFB degraded fast, and lost 
20 % of calorific value in 4 weeks. Mesocarp fiber 
and palm kernel shell also lost considerable amount 
of calorific value in several weeks. To prevent this 
degradation, a low temperature treatment under inert 
atmosphere called torrefaction is recommended [8].

TORREFACTION

Figure 7 shows the mass yield of torrefied EFB with three 
different reaction temperatures (220, 260 and 300˚C) 
and time periods (30, 60 and 90 min) under nitrogen 
flow (30 mL/min). The solid yield was remarkably 
reduced as the temperature was increased as well 
as prolonged the reaction time. The major reaction 
is decomposition of hemicellulose. Small amount 
of cellulose and lignin also undergo decomposition. 
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The highest mass yield was 91% obtained at the 
temperature of 220°C and time 30 min and the lowest 
yield was 61%  at temperature of 300°C and holding 
time of 90 min. Figure 8 shows the heating value 
of raw and torrefied EFB samples at three different 
temperatures and reaction time periods.  It can be 
clearly seen that torrefaction improved the calorific 
value of EFB. The calorific value of torrefied samples 
increased with temperature and reaction time. Based 
on the result, the highest calorific value was obtained 
at temperature of 300˚C with holding time 90 min.

After all, it has been proved that torrefaction is a useful 
technology to improve the quality of lignocellulosic 
biomass as a solid fuel.

Figure 7 :  Effects of temperature and time on the 
mass yield for EFB torrefaction

Figure 8  :  Effects of temperature and time on the 
calorific value for EFB torrefaction

CONCLUSIONS

In Malaysia, the annual electricity consumption is 107 
TWh. Space cooling is one of the major consumers 
of electricity: 37 % of the total consumption is from 
space cooling. If electricity-driven space coolers 
are replaced by biomass-driven absorption type, 
considerable amount of electricity consumption can 
be decreased.
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ABSTRACT

This paper describes the e�ect of torrefaction on the characteristics of agricultural biomass residues in Malaysia, such 
as frond leaf, frond stem and trunk. In terms of the energy yield (77-100%) and ash content (5-6 wt.%), frond stem 
exhibited the best results among the three biomass used. A kinetic model proposed in the present study could explain 
the mass yield results well.

Keywords—triunk, fronds, oil palm, torrefaction

INTRODUCTION 

Biomass is the representative renewable resources 
for energy and chemicals. In specific, lignocellulosic 
biomass is one of the most abundant biomass 
resources on earth and can be used as a feedstock 
for preparing fuels and chemicals. Some of these 
technologies are still under development. Because 
of its availability in Malaysia, oil palm residues are 
considered to be the best biomass source [1]. In 
2013, Malaysia was the second largest producer of 
palm oil, producing 19.8 million tons, or 33.4% of the 
total world supply. Indonesia was the world’s largest 
producer of palm oil, producing 31.0 million tons of 
oil, or 52.2% of the total world supply [2]. In 2013, 
productive oil palm plantations in Malaysia covered 
5.23 million hectares, a 3.0% increase from 2012 when 
productive oil palm plantations covered 5.08 million 
hectares [3]. Types of biomass produced by the oil 
palm industry include empty fruit bunches (EFB), 
mesocarp fiber, palm kernel shells (PKS), fronds, and 
trunks. EFB, mesocarp fiber, and PKS are generated 
at palm oil mills, whereas fronds and trunks are 
generated at the plantations [4]. The total amount of 
this biomass produced annually is 17 Mtoe (million 
tons of oil equivalent) [1]. Since the current primary 
energy supply in Malaysia is approximately 70 Mtoe, 

the total oil palm biomass energy potential of 17 
Mtoe may contribute considerably to decreasing the 
consumption of fossil fuels, such as natural gas, coal, 
and oil. However, to use biomass waste for energy 
efficiently, the following drawbacks, compared with 
the situation for fossil fuels, must be overcome.

(1) Higher energy consumption during collection
(2) Heterogeneous and uneven composition
(3) Lower calorific value
(4) Higher cost of transportation due to its lower 

energy density
(5) High ash content
(6)  Reduction in quality by biodegradation

A number of options exist to reduce these drawbacks. 
The most common techniques are pelletization, 
liquefaction, and gasification of the biomass. 
Pelletization involves drying, chipping, grinding, and 
pelletizing lignocellulosic biomass. Pelletization is the 
cheapest option, but its disadvantages include lower 
heat values and quality deterioration by moisture 
(pellet disintegration, moss growth, or bioorganic 
decomposition). Recently, treatment of biomass 
at a low temperature of 473–573 K under an inert 
atmosphere was found to improve the energy density 
and shelf life of the biomass. This treatment is called 
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‘torrefaction’ and has been widely researched for 
wood and grass biomass over the past few years [5-
16]. Torrefaction studies have largely been conducted 
on wood and grass biomass, including wood dust 
[10-14, 16], beech [6, 7], eucalyptus [5, 11], willow [6-
9, 13], larch [6, 7], bamboo [13] and canary grass [8]. 
But still a small number of papers have been found 
for torrefaction of oil palm residues [17-19]. They are 
dealing with the three types of biomass, EFB, PKS and 
mesocarp fiber, but fronds and trunks.

In this study, we focused on torrefaction of frond 
(leaf and stem) and trunk of oil palm, which are 
abundant agricultural residues in Malaysia. The effect 
of torrefaction temperature and time on the mass and 
energy yields were investigated for those three types 
of biomass.

EXPERIMENTAL

Biomass samples were collected at a nearby FELCRA 
(Federal Land Consolidation and Rehabilitation 
Authority) palm oil mill. The samples were dried, 
ground and sieved (0.25 to 0.5 mm). Torrefaction of 
the biomass was carried out at an ambient pressure 
using a vertical tubular reactor made of stainless steel, 
with an internal diameter of 0.028 m. Approximately 
3 g of the biomass was placed in the reactor. After 

flushing the reactor with nitrogen for 15 min, the 
temperature of the reactor was increased to the 
desired level (200, 220 or 300 ˚C), at a constant rate 
of 10 °C/min by a heater under N2 of 30 mL-NTP/min. 
After torrefaction, the heater was turned off and the 
reactor was left to cool to ambient temperature. The 
mass, calorific value (a bomb calorimeter; C2000, IKA 
Werke) and CHNS contents (Series II CHNS/O Analyzer 
2400, Perkin Elmer) of the biomass samples were 
measured before and after torrefaction.

RESULTS AND DISCUSSION

A. Mass and enrgy yields
The properties of the biomass are shown in Table 1. 
Fig. 1 shows the mass and energy yields at different 
torrefaction temperatures at constant torrefaction 
time of 60 min for frond leaf, frond stem and trunk, 
respectively. As the torrefaction temperature 
increases, the mass yield decreases steadily, whereas 
the decreasing ratio depended on the waste type; 
trunk has the highest decreasing ratio (38%) and frond 
leaf has the lowest (21%). There are two main causes 
for the decrease in mass of the torrefied samples. One 
is moisture loss, another is the thermal decomposition 
to form volatile or gaseous products such as H2O, CO, 
CO2, acetic acid and other organics. 

Table 1  :  Physicochemical properties of biomass samples used

Biomass
Moisture 
Content 
(wt.%)

Calorific 
Value

(MJ/Kg)

Elementary and ash analysis (wt. %)

C H N S O Ash

Frond (leaf ) 4.62 18.67 43.92 5.77 2.26 0.46 44.82 2.76

Frond (stem) 6.47 16.46 41.93 6.21 0.71 0.43 44.13 6.60

Trink 13.01 16.09 40.14 6.46 1.86 0.62 46.45 4.48
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Figure 1  :  The mass and energy yields at different 
temperatures (torrefaction time = 60 min)

At the highest torrefaction temperature of 300 ˚C, 
torrefaction time was varied as shown in Fig. 2. In 
general, both the mass and energy yields decrease 
as the time proceeds from 30 to 60 min, while no 
substantial decrease was observed when time 
proceeds from 60 to 90 min. This trend indicated 
that the representative reactant, hemicellulose, has 
ran out at 60 min. In fact the maximum solid loss of 
32 and 50% for fond and trunk is a little higher than 
hemicellulose content of frond and trunk of 24 and 
34% reported in a previous paper [20], respectively.

Figure 2  :  The mass and energy yields at different 
torrefaction time (temperature = 300 ˚C)

B. Elementary composition
In order to compare the present results with previous 
studies [5,8,9,17,21], the H/C was plotted against the 
O/C for the raw biomass (right top) and the torrefied 

samples in Fig. 3. As torrefaction proceeds, both the 
H/C and O/C decrease. This tendency is common 
among our results and those reported previously. 
This is mainly due to chemical removal of water and 
carbon dioxide from biomass [8].

Figure 3  :  Van Krevelen plot

Fig. 4 shows the changes of the moisture, ash, N & S 
contents with torrefaction time for the three types of 
biomass. The moisture content obviously decreases 
with time. This is recognized as enhanced drying by 
torrefaction. The ash content behaves in a different 
manner between the two groups; one is frond leaf 
and trunk, another is frond stem. The ash content 
of the former group increased with time, while the 
latter group’s ash content stayed at a similar level of 
around 5 wt.%. When the ash precursors stay at the 
solid phase, the ash content increases with time or as 
the solid mass yield decreases as the former group. On 
the other hand, the ash precursors in the latter group 
(frond stem) are moving out from the biomass during 
torrefaction.
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Figure 4  :  Change of moisture, ash, nitrogen and 
sulfur contents by torrefaction

C. Kinetic model study
Although there are many torrefaction papers reported 
already for the last few decades, strangely there are 
not many kinetic studies. Reina et al. [22] formulated 
a simple kinetics as shown in Fig. 5(a). According to 
his model, the active component A is converted into 
gases, on the other hand the inactive component A’ 
remains as is. This is a simple and understandable 
model, but they did not mention what A and A’ are.  
Most famous one should be the one proposed by Prins 
et al. [6], and summarized in Fig. 5(b). They modified 
a model for higher temperature, and therefore the 
model contained two step reaction for the solid phase, 
which may cause unnecessary complication. Peng et 
al. [23] developed the Reina’s model by dividing the 
active component into two: the fast decomposition 
and medium decomposition components as shown 
in Fig. 5(c).

In this study, the authors propose a kinetic model 
shown in Fig 5(d). The essence of the present model is:

(a) Hemicellulose (AHC) undergoes decomposition.

(b) Part of cellulose (AC,R) undergoes decomposition. 
This portion may be amorphous and thermally 
unstable cellulose.

(c) The rest of cellulose (AC,NR) and lignin (ALig) will 
remain intact.

Figure 5  :  Various kinetic models for torrefaction

Based on the modeling described above, the mass 
yield ym can be described by the four fractions and 
the conversion of reactive components as follows:

ym = (αHC + αcf ) (1-x) + αc (1 - f ) + αLig (1)

where αHC represents the mass fraction of 
hemicellulose, αC the mass fraction of cellulose, αLig

the mass fraction of lignin, f the mass fraction of 
the reactive component in cellulose, and x the mass 
conversion of hemicellulose and reactive part of 
cellulose. Replacing the last two terms of the right 
hand side of Eq. 1 with the fraction of the non-reactive 
components αnr, assuming the first order reaction, 
and integrate it, the following equation is obtained:

where k represents the reaction rate constant in s-1 and 
t the reaction time in s. By applying our torrefaction 
data (the mass yield at 300 ºC) to Eq. 2, we obtain 
Fig. 6. The parameter f was adjusted to maximize 
r2 for each biomass. The values of f obtained in this 
way are listed in Table II, together with the fraction of 
hemicellulose, cellulose and lignin which is taken from 
a previous report [20]. The values of f in Table II are not 
so unrealistic value since a previous paper reported 
that cellulose decomposed by 10% at 260 ºC, 55% at 
290 ºC [24]. After extracting the kinetic parameter k 
for 220 and 250 ºC, we can conduct the Arrhenius plot 
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as shown in Fig. 7.

Figure 6  :  Plot for extracting the reaction rate 
constant (torrefaction temperature = 300 ºC)

Table II  :  Composition and f value for three 
types of biomass used

Mass fraction
of 

hemicellulose
[20]

Mass 
fraction

of 
cellulose 

[20]

1-f 
(fraction 

of non 
reactive 

cellulose)

Mass 
fraction
of lignin

[20]

Frond 
leaf 0.242 0.623 0.63 0.148

Frond 
stem 0.242 0.623 0.68 0.148

Trunk 0.344 0.412 0.80 0.171

Figure 7 : Arrhenius plot for the 
reaction rate constant

The activation energy was 26.4, 71.1 and 72.7 kJ/mol 
for frond (leaf), frond (stem) and trunk, respectively. 
The latter two values are rather close to those (110-150 
kJ/mol) reported by the previous papers [22,23]. But 
the value of frond (leaf) is quite smaller compared to 
those, and hence further investigation will be required.

CONCLUSIONS

Frond leaf, frond stem and trunk were torrefied at 
220-300 ˚C. The torrefaction behavior was similar with 
that of wood, grass and other residues. Frond stem 
exhibited the best results of the energy yields among 
the three biomass samples.

A kinetic model proposed in the present study could 
explain the mass yield results well. 
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ABSTRACT

Globalization, intense competition and development of information technology have enhanced customer 
awareness. Marketer’s emphasis in marketing have shifted from winning new customers to retaining existing 
ones. Marketing strategies are necessary in developing customer loyalty. Customer loyalty is one of the important 
approaches for retailers to improve competitive edge. Despite the importance of customer loyalty, there are still vast 
scope of research in petrol retail organizations. Many empirical studies have centred on marketing strategies/factors 
in�uencing customer loyalty in di�erent industries, but this is lacking in the petrol station business. The purpose of 
this research is to identify key factors which in�uence customer loyalty in Malaysian petrol station. This paper �lls the 
gap by examining the in�uence of sales promotions, service quality and product assortment on customer loyalty. 
Using convenience non-probability sampling, data was collected from 223 customers of petrol stations using self-
administered questionnaires. Descriptive statistics; Correlation and regression analysis were used to analyse data 
using IBM SPSS statistics Version 21. Results shows positive and signi�cant correlation between service quality, sales 
promotion, product assortment and customer loyalty.

Keywords—Sales promotion, service quality, product assortment and customer loyalty.

INTRODUCTION 

The effect of market forces, dynamic market 
environment, globalization and highly competitive 
markets have forced petrol stations to be highly 
competitive to sustain their marketability locally and 
internationally. The intense competition in the market 
force businesses to search for better methods to retain 
existing customers in order to remain competitive. 
Marketing is very important in commercializing ideas 
and inventions successfully. Therefore, it is very risky 
for companies that fail to consider the importance 
of marketing[1]. Successful marketing provides 
significant inputs to the firm’s overall strategies, 
attracting and retaining the customer.

Marketing is essential and can be considered as the life 
blood of any business. To shape and make the business 
better, firms need to gain customer loyalty which 
enhance business performance. Top management or 
entrepreneurs should implement marketing strategies 
to expand their business. The dynamic environment 
of services today places a premium on effective 
marketing. Product and services must be tailored to 
customer needs and actively promoted to customers. 
New market entrants are positioning their services 
to appeal to specific market segments through sales 
promotions, improving services quality and offering 
wide product assortment. Many empirical studies 
have centered on marketing strategies influencing 
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customer satisfaction and loyalty in different 
industries, but there is a lacking in petrol stations.  Like 
other businesses, petrol stations should be included 
in these studies because of its highly competitive 
nature. For a business organization to be successful 
they have to gain customer loyalty. Oliver [2] shows 
a mutual relationship between customer loyalty and 
long-term profit of an organization. Retail businesses 
such as convenience store has always try to see they 
create customer loyalty by forming both short term 
and long term activities with aims to attract new set 
of customers as well as maintaining the existing ones 
through a systematic customer retention program. 
Nowadays, the Petrol retail Stations had transformed 
their business models and has become a landmark in 
almost all Petrol Stations that operates in Malaysia. 
They now offer wider product range, ambience 
shopping experience, provision of complementary 
services, and other related services for customer’s 
convenience.

The core business of petrol station stores is to sell 
petrol products, car services, convenience food and 
beverage products as well as a small range of other 
products such as personal care, magazines and 
newspapers. The retail outlets are mainly found in the 
urban centers in order to capture busy convenience 
seeking customers. Those that patronized their 
products always are the motorists that enter the 
station to buy petrol and do some small shopping on 
the run. These stores generally operate for 24/7.

From identification of brand loyalty till now it has 
been very debatable, and a researchable topic 
among marketers and researchers. In today’s market 
environment the competition has become too 
huge and marketers want to survive and sustain 
profitable customers for a longer period of time. 
As a result customer loyalty becomes the heart of 
brand customer relationship. Recently relationship 
marketing concept widely discuss in both academic 
and marketing environment. It is widely applied in 
antecedent industrial marketing to both services and 
commodity marketing.

The existing national and multinational companies 

are facing intense competition, it even more intense 
because companies are making value for customer 
to increase sales which is only possible through 
customers loyal to the brand. This emphasizes the 
petroleum companies to give more time to customer’s 
orient marketing strategy to gain customer loyalty. 
One of the primary concerns in the petroleum sector 
of Malaysia is customer loyalty. Customer loyalty is 
used among almost every profit organization. In a 
normal situation each company wants to have loyal 
customers. ‘Loyal customers have a high repeat 
purchase behavior and a positive attitude towards a 
company’[3]. It is often hard to identify which factors 
affect loyalty. This research has been conducted in 
order to find the effect of sales promotions, service 
quality, and product assortment on customer 
loyalty. On previous literature this research has been 
conducted in different sectors and customer contents, 
but in our knowledge there are no such studies 
conducted in petroleum retail sector of Malaysia, 
though that a similar study was done in convenience 
stores attached to petrol stations but using different 
factors that influence loyalty which makes it totally 
different with the present study.

The challenges posed by intense market competition 
set a challenging tone for petrol retail stations. 
Therefore in order to survive, and remain competitive 
they will continue to strive towards different marketing 
strategies to gain customer loyalty. Understanding 
how to gain customer loyalty is the main issue in the 
petrol retailing because of the intense competition 
which has forced and gives pressure to the petrol 
stations to search for ways to gain customer loyalty. 
Based on the literature, sales promotions, service 
quality and product assortment are considered as the 
best combination of factors that enhance customer 
loyalty.

However, the relationships between the factors 
remain unclear. To uncover the relationships, this 
study focus on the effect of sales promotions, service 
quality and product assortment on customer loyalty 
in petrol stations. The study should reveal that sales 
promotions, service quality and product assortment 
affect customer loyalty in the petrol stations.
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OBJECTIVES

Petrol stations have been searching for different 
kind of marketing strategies to gain customer loyalty 
[4]. Therefore this research aims to examine the 
relationship between the following:

I. To examine the effect of service quality on 
customer loyalty in petrol stations.  

II. To examine the effect of sales promotions on 
customer loyalty in the petrol stations.  

III. To examine the effect of product assortment on 
customer loyalty in the petrol stations.

The findings of the study can guide in formulating 
comprehensive marketing strategies in developing in 
developing customer loyalty.

This study will provide to some extent the better 
understanding and influence of these strategies on 
customer loyalty in the petrol station.

LITERATURE REVIEW 

Promotion is a fundamental element in the services 
marketing mix through which a service firms can 
communicate its products and services to customers 
[19]. Communication through promotion plays three 
vital roles such as: 1) It provides needed information and 
advice, 2) persuades target customers of the merits of 
specific product and 3) encourages customers to take 
action at specific time. [20, 21]. Therefore, effective use 
of well-planned and structured promotional activities 
towards specific target market affects customer loyalty. 
Due to the keen competition nowadays, companies 
are increasingly keen on sales promotion to attract 
consumers and retain them as loyal clients. Sales 
promotion is a short term incentive which encourages 
the purchase of sales of a product or service. Sales 
promotions are non-personal promotional efforts that 
are designed to have an immediate impact on sales. 
Sales promotion is media and non-media marketing 
communications employed for a pre-determined, 

limited time to increase consumer demand, stimulate 
market demand or improve product availability. Some 
common types of sales promotion include samples, 
coupons, sweepstakes, contests, in-store displays, 
trade shows, price-off deals, premiums and rebates. 
Sales promotion can increase sales in the short 
term and sale promotion can increase awareness 
of the brand among consumers. For decades now, 
companies have been spending millions of dollars on 
sales promotions and also trying to understand the 
factors which drive customer to purchase a product. 
Among the 4Ps of marketing mix, the latest trend has 
been in-store sales promotion [45].

Customer-perceived service quality has been defined 
theoretically as the customers’ experience on the 
actual service on various components of the service 
experience [22], a very similar definition to that 
was presented in [23]. Which states that: “customer 
satisfaction is the process where the service 
organization performed well for the customer pre-
purchase expectation and after the purchase of the 
respective product/service”. Service quality is seen as 
the major tactical factor for service organizations [24]. 
Perceived service quality is a customer’s “satisfaction 
on the quality of the service”. Moreover, [25] present 
a similar definition declaring that service quality 
is “just measuring of a particular service and also 
understanding the customer’s expectation on the 
service”. According to Anderson [26] the service 
organization rely on a customer for repeat purchase 
and customer perception on service quality only when 
they found out that the service they provide as well as 
the product they provide satisfy the customer very well 
[27]. Therefore, companies have to weigh their service 
quality before improving it and must give much more 
attention on the quality and the product for them 
to be able to lead the global markets [26]. Service 
organizations found it hard to survive and improve 
when weighing and managing quality[28]. Customers 
play a vital role in evaluation of quality. Therefore, is 
of no use when introducing a qualitative service that 
those not match the customer’s satisfaction[26]. In a 
similar sense, Stafford [29] asserts that is the duty of 
the marketing management of service organizations 
is to know what the customers need with regard to 
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the service quality so that the service organization 
will improve to provide an effective and efficient 
service for the customers. Every organization looks 
at customer as the main success of that organization 
therefore the organization have to provide the 
customer what they want pertaining the quality for 
the success of that organization [26].

Product assortment: Product assortment is traditionally 
defined as the number of products offered within a 
single product category[30]. Considerable consumer 
research has examined the influence of the choice 
set on consumer-decision making. Webster defines 
choice both as sufficient number and variety to choose 
among many or the act of choosing[31]. Consumer 
research has established that decision-making from 
assortments is a hierarchical process with large product 
assortments attracting consumers in the first stage 
of choice and subsequently hindering the second-
stage choice of selecting a final product [32]. Broad 
assortments increase the probability that consumers 
will find their ideal product and offer flexibility for 
variety seekers. In the 1980s and early 1990s, retailers 
assumed that larger product assortments better met 
consumer needs. Broad assortments should increase 
the probability that consumers will find their ideal 
product and offer flexibility for variety seekers[33]. 
Offering a broad variety of products is often a key 
for web merchants to keep customers coming back. 
Given much more choices, there will be a higher 
chance to sell the product. Retailers who have offered 
a wide variety of products and selections seem to be 
more successful [34]. Consumers expect retailers to 
offer a wide range of product variety to track down 
specialty goods and services [35]. Szymanski and Hise 
[36] indicated that wider assortment of products may 
be attractive to customers and will keep customers 
loyal when stores offer superior product assortments.

Customer loyalty: Customer retention and customer 
loyalty mean the same [42]. Gremler and Brown 
[43] define service loyalty 'as the degree to which a 
customer exhibits repeat purchase behavior from 
a service provider, positive attitudinal disposition 
toward the provider, and ready to use the same 
provider when a need for the service arises'. Zineldin 

and Jonsson [44] defines retention as a commitment 
to continue doing business or exchange with a 
particular company on an ongoing basis.

According to Clark [45], long-term customer retention 
in competitive markets requires the provider going 
beyond basic satisfaction to creating loyalty in order 
to guard against competitor attack. Organizations, 
which are acting on free markets, are encountering 
intense competition and demanding customers [46]. 
To be able to survive and create a long term growth 
and profit, it is acknowledged by theorists that 
organizations need to earned loyalty e.g.[46, 47]. In 
marketing literature, customer loyalty are distinctive 
elements which should be given due consideration 
by a service provider. Furthermore, Caruana [48] said 
that service loyalty is an essential construct in service 
marketing which would lead to repeat purchase which 
is extremely essential for any organization to remain 
competitive and stay in business. A preferred customer 
experience means becoming more relevant to key 
shoppers, thereby turning them into long-term loyal 
customers. Customer loyalty means that customers 
are committed to purchasing merchandise and 
services from the retailer and will resist the activities 
of competitors attempting to attract their patronage. 
Loyal customers have an emotional connection with 
retailer; their reasons for continuing to patronize goes 
beyond the convenience of the retailer’s store or the 
low prices or specific brands offered by the retailer. 
They feel a strong sense of goodwill toward the 
retailer that they will encourage their friends or family 
to buy from it.

RESEARCH FRAMEWORK

The research framework shows the link between 
research variables, where sales promotion, service 
quality and assortment affects loyalty.
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Figure 1 :  Research Framework

Based on the above discussion in literature the 
following hypothesis was been developed:

H1: There is a significant relationship between service 
quality and customer loyalty in petrol stations

H2: There is a significant relationship between sales 
promotions and customer loyalty in the petrol 
stations

H3: There is a significant relationship between 
product assortment and customer loyalty in the 
petrol stations

METHODOLOGY

In general, there are two philosophical paradigms 
of research design which are positivism and 
phenomenological [53]. The positivistic (quantitative) 
paradigm is called the traditional, the experimental, or 
the empiricist paradigm [53]. The phenomenological 
(qualitative) paradigm is called the naturalist or 
interpretative approach, or the post positivist or 
postmodern perspective or constructivist approach 
[53]. This current study is positivistic. The research is a 
cross sectional design in which the collection of data 
from the respondents was carried out at once.

The unit of analysis in the research were individuals 
who are consumers to the petrol stations. The study 
is limited to PETRONAS, ESSO and SHELL [54] have 
supported determining the unit of analysis as an 
important decision for the research methodology.

The research population is "the entire group of people, 
events, or things of interest that the researcher wishes 
to investigate" [55]. The populations of this research 
were customers of petrol stations in Perak Malaysia.

With convenience sampling, the samples were 
selected because they were easily accessible to the 
researcher. This technique is considered cheapest and 
least time consuming also most of the past studies 
used the non-probability especially researchers that 
have deadline to meet. McQuitty [56] suggested that 
it is important to determine the minimum sample 
size required in order to achieve a desired level of 
statistical power with a given model prior to data 
collection. Hoelter [57] proposed a ‘critical sample 
size’ of 200. In other words, as a rule of thumb, any 
number above 200 is understood to provide sufficient 
statistical power for data analysis. Therefore this study 
used sample size of 223 respondents.

The quantitative (questionnaire) method was used 
in this research for the following reasons: it is the 
most common and popular method of primary data 
collection used in marketing research surveys[58]. 
It is the most effective and efficient method to 
collect primary data from the research respondents 
(customers), its cost is effective and can be managed 
successfully and it is not too much time consuming to 
administer for either the researcher or respondent.

The main sources of formulating the items that are 
used for constructing the research questionnaire 
are the previous literature and journals of marketing 
strategies, customer satisfaction and loyalty that have 
been conducted in different business contexts.

Data Analysis: The non-parametric statistical methods 
was used to conduct the analysis which is descriptive 
statistics, it include frequencies and percentages which 
was used to analyze the quantitative data. Parametric 
analysis was also used as prior to using regression 
techniques, Pearson correlation analysis was also used 
to examine the strength and significance of following 
relationships using SPSS.
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RESULTS AND DISCUSSION

Respondents profile are summarized in appendix 1. 
The reliability of the research variables was measured 
using Cronbach’s alpha. The alpha for the dependent 
variable and all independent variables were above 0.7 
which exceeded the minimum value see appendix 2. 
The result shows positive and significant relationship 
between variables see appendix 3. The analysis finds 
that hypothesis one to three were supported. It is also 
found that among the three independent variables, 
product assortment is the best predictor of customer 
loyalty in PPS followed by sales promotion and service 
quality is the least predictor among them.

APPENDIX 1

Personal profile of respondents (N=223)

Profile Description Number of 
Respondents

Percentage 
(%)

Age Below 18
18-20
21-23
24-26

17
54
93
59

7.6
24.2
41.7
26.5

Gender Male 
Female

126
97

56.5
43.5

Race Malay
Chinese 
Indian 
Others

129
41
38
15

57.8
18.4
17.0
6.7

Frequency 
of visit

Daily 
Once a Week 
Twice a Week

Once in 2 Weeks
Once in a Month

7
76
40
74
26

3.1
34.1
17.9
33.2
11.7

APPENDIX 2

Reliability Analysis

Constructs Cronbach’s 
Alpha

No. of 
Items Interpretation

Service 
Quality 0.853 15 Good

Sales 
Promotion 0.762 5 Acceptable

Product 
Assortment 0.867 11 Good

Customer 
Loyalty 0.938 15 Excellent

APPENDIX 3

Correlations

Service 
Quality

Customer 
Loyalty

Service Quality 1 .170*
.000

Customer Loyalty .170*
.000

1

*. Correlation is significant at the 0.05 level (2-tailed).

Correlations

Sales 
Promotion

Customer 
Loyalty

Sales Promotion 1 .451**
.000

Customer Loyalty .451**
.000

1

**. Correlation is significant at the 0.01 level (2-tailed).

Correlations

Product 
Assortment

Customer 
Loyalty

Product Assortment 1 .568**
.000

Customer Loyalty .568**
.000

1

**. Correlation is signi�cant at the 0.01 level (2-tailed).

These results reflect a number of theoretical 
implications drawn as follows. Firstly, the study 
will benefit future researchers because it expand 
knowledge by providing new findings in this area. 
This study provides an opportunity for business 
expansions and also provide to some extent better 
understanding of the influence of these strategies on 
customer loyalty in the petrol station.

The study reveals that service quality, sales promotion 
and product assortment are good predictors of 
customer loyalty in petrol station, all predictors 
contributes in gaining customers loyalty. The results 
are consistent with some of the previous studies see 
appendix 4. However, literatures that support the 
findings which are in line with the results in this study 
are shown in Appendix.
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APPENDIX 4

Summary of Hypotheses Analysis

Hypothesis Result Supported 
Literatures

H1:   There is a signi�cant 
the relationship between 
service quality and 
customer loyalty in the 
petrol service stations

Supported (Ra�que et 
al., 2014)

H2: There is a signi�cant the 
relationship between sale 
promotion and customer 
loyalty in the petrol service 
stations

Supported (Khay Hooi, 
2012)

H3: There is a signi�cant 
the relationship between 
assortment and customer 
loyalty in the petrol stations

Supported (Borle et al., 
2005)

For managerial implication, as service quality, 
sales promotions and assortment help in retaining 
customer in petrol stations so petrol stations are 
advice to improve the quality of product and services, 
provide services at promised time, fast delivery in 
transaction, convenient operating hours, reduce 
prices, avoid long queues, competent employees, 
conduct different sales promotions, varieties of 
products and services, convenience location and try 
their best to communicate and promote to customers. 
Another way to increase customer loyalty is to attract 
customers through promotions like coupons and 
contests. This will reduce switching behavior to the 
rivals and increase the possibilities for attracting/
stealing customers from rivals.

CONCLUSION

Conclusively, the research found that service quality, 
sales promotion and product assortment are 
important predictors of customer loyalty therefore in 
order to increase customer loyalty in petrol stations 
service quality, sales promotion and assortment 
should be taken into consideration.

Additionally, future researchers should incorporate 
qualitative analysis which will further explore this 
research. In-depth interviews utilizing open-ended 
questions could allow for deeper exploration of these 
measures and the study can be conducted in other 
countries.

REFERENCES

[1] R. J. Brodie, N. E. Coviello, and H. Winklhofer, 
"Contemporary marketing practices research 
program: a review of the first decade," Journal of 
Business & Industrial Marketing, vol. 23, pp. 84-94, 
2008.

[2] R. L. Oliver, "Whence consumer loyalty?," the 
Journal of Marketing, pp. 33-44, 1999.

[3] A. S. Dick and K. Basu, "Customer loyalty: toward 
an integrated conceptual framework," Journal of 
the academy of marketing science, vol. 22, pp. 99-
113, 1994.

[4] A. Wahid and A. Zulhaimi, "Customer Loyalty And 
Petrol Station’S Convenience Store Patronage In 
Penang: The Influence Of Store Image, Corporate 
Image And Customer Satisfaction," USM, 2009.

[5] Y. M. Tseng, "The impacts of relationship 
marketing tactics on relationship quality in 
service industry," The Business Review, vol. 7, pp. 
310-314, 2007.

[6] R. M. Morgan and S. D. Hunt, "The commitment-
trust theory of relationship marketing," the 
journal of marketing, pp. 20-38, 1994.

[7] S. Hougaard and M. Bjerre, Strategic relationship 
marketing: New York: Springer, 2002.

[8] K. D. Wulf, G. Odekerken-Schröder, and 
D. Iacobucci, "Investments in consumer 
relationships: a cross-country and cross-industry 
exploration," Journal of marketing, vol. 65, pp. 33-
50, 2001.

[9] J. T. Bowen and S. Shoemaker, "Loyalty: A strategic 
commitment," Cornell Hotel and Restaurant 
Administration Quarterly, vol. 44, pp. 31-46, 2003.

[10] L. Y. Peng and Q. Wang, "Impact of relationship 
marketing tactics (RMTs) on switchers and stayers 
in a competitive service industry," Journal of 
Marketing Management, vol. 22, pp. 25-59, 2006.



46 PLATFORM   VOLUME ELEVEN NUMBER ONE  JANUARY - JUNE 2015

PLATFORM - A Journal of Engineering, Science and Society

[11] R. L. Oliver, R. T. Rust, and S. Varki, "Customer 
delight: foundations, findings, and managerial 
insight," Journal of Retailing, vol. 73, pp. 311-336, 
1997.

[12] K. L. Ailawadi and K. L. Keller, "Understanding 
retail branding: conceptual insights and research 
priorities," Journal of retailing, vol. 80, pp. 331-
342, 2004.

[13] J. Semeijn, A. C. Van Riel, M. J. Van Birgelen, and S. 
Streukens, "E-services and offline fulfilment: how 
e-loyalty is created," Managing Service Quality,
vol. 15, pp. 182-194, 2005.

[14] C. Collins-Dodd and T. Lindley, "Store brands and 
retail differentiation: the influence of store image 
and store brand attitude on store own brand 
perceptions," Journal of Retailing and Consumer 
services, vol. 10, pp. 345-352, 2003.

[15] Ø. Helgesen, J. Ivar Håvold, and E. Nesset, 
"Impacts of store and chain images on the 
“quality–satisfaction–loyalty process” in petrol 
retailing," Journal of Retailing and Consumer 
Services, vol. 17, pp. 109-118, 2010.

[16] S. Gupta and J. Pirsch, "The influence of a retailer's 
corporate social responsibility program on re-
conceptualizing store image," Journal of Retailing 
and Consumer Services, vol. 15, pp. 516-526, 2008.

[17] Ø. Helgesen and E. Nesset, "What accounts for 
students' loyalty? Some field study evidence," 
International Journal of Educational Management,
vol. 21, pp. 126-143, 2007.

[18] R. E. Smith and W. F. Wright, "Determinants of 
customer loyalty and financial performance," 
Journal of management accounting research, vol. 
16, pp. 183-205, 2004.

[19] T. Harrison, "Financial Services Marketing," 2000.

[20] C. Lovelock and J. Wirtz, "Services Marketing," 
2002.

[21] C. H. Lovelock, J. Wirtz, and P. Chew, Essentials of 
Services Marketing, 2009.

[22] S. P. Brown and S. K. Lam, "A meta-analysis of 
relationships linking employee satisfaction to 
customer responses," Journal of Retailing, vol. 84, 
pp. 243-255, 2008.

[23] M. Wisniewski, "Using SERVQUAL to assess 
customer satisfaction with public sector 
services," Managing Service Quality, vol. 11, pp. 
380-388, 2001.

[24] H. Arasli, S. Mehtap-Smadi, and S. T. Katircioglu, 
"Customer service quality in the Greek Cypriot 
banking industry," Managing Service Quality, vol. 
15, pp. 41-56, 2005.

[25] K. O. Siddiqi, "Interrelations between service quality 
attributes, customer satisfaction and customer 
loyalty in the retail banking sector in Bangladesh," 
International Journal of Business and Management,
vol. 6, p. p12, 2011.

[26] E. W. Anderson, C. Fornell, and D. R. Lehmann, 
"Customer satisfaction, market share, and pro�tability: 
Findings from Sweden," The Journal of Marketing, pp. 
53-66, 1994.

[27] L. A. Bettencourt, "Customer voluntary performance: 
customers as partners in service delivery," Journal of 
Retailing, vol. 73, pp. 383-406, 1997.

[28] J. Legcevic and J. Strossmayer, "Measuring customer 
satisfaction and service quality: the case of Croatia," 
The Journal of American Academy of Business, vol. 14, 
pp. 123-30, 2008.

[29] M. R. Sta�ord, "Demographic discriminators of service 
quality in the banking industry," journal of services 
marketing, vol. 10, pp. 6-22, 1996.

[30] M. K. Mantrala, M. Levy, B. E. Kahn, E. J. Fox, P. Gaidarev, 
B. Dankworth, et al., "Why is assortment planning 
so di�cult for retailers? A framework and research 
agenda," Journal of Retailing, vol. 85, pp. 71-83, 2009.

[31] S. M. Broniarczyk, "Product assortment," ed: New York: 
Lawrence Erlbaum Associates, 2008, pp. 755-79.

[32] B. E. Kahn, "Consumer variety-seeking among goods 
and services: An integrative review," Journal of 
Retailing and Consumer Services, vol. 2, pp. 139-148, 
1995.

[33] A. Morales, B. E. Kahn, L. McAlister, and S. M. 
Broniarczyk, "Perceptions of assortment variety: The 
e�ects of congruency between consumers’ internal 
and retailers’ external organization," Journal of 
Retailing, vol. 81, pp. 159-169, 2005.

[34] R. Chazan, "H-France Review Vol. 5 (October 
2005), No. 108 Elisheva Baumgarten, Mothers and 
Children: Jewish Family Life in Medieval Europe.
(Jews, Christians, and Muslims from the Ancient to 
the Modern World). Princeton and Oxford: Princeton 
University Press, 2004. 

[35] S. L. Jarvenpaa and P. A. Todd, "Consumer reactions 
to electronic shopping on the World Wide Web," 
International Journal of Electronic Commerce, pp. 59-
88, 1996.



47VOLUME ELEVEN NUMBER ONE  JANUARY - JUNE 2015  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

[36] D. M. Szymanski and R. T. Hise, "E-satisfaction: an 
initial examination," Journal of Retailing, vol. 76, pp. 
309-322, 2000.

[37] P. Kotler and G. Armstrong, Principles of Marketing. 
New Jersey: 15th Global Edition: Pearson, 2013.

[38] O. C. Hansemark and M. Albinsson, "Customer 
satisfaction and retention: the experiences of 
individual employees," Managing Service Quality, vol. 
14, pp. 40-57, 2004.

[39] E. W. Anderson and C. Fornell, "Foundations of the 
American customer satisfaction index," Total Quality 
Management, vol. 11, pp. 869-882, 2000.

[40] V. A. Zeithaml, "Service quality, pro�tability, and the 
economic worth of customers: what we know and 
what we need to learn," Journal of the Academy of 
Marketing Science, vol. 28, pp. 67-85, 2000.

[41] E. Tsoukatos, "Applying importance-performance 
analysis to assess service delivery performance: 
evidence from Greek insurance," EuroMed Journal of 
Business, vol. 3, pp. 144-162, 2008.

[42] C. X. Ou and C.-L. Sia, "Customer Loyalty Strategy in 
the Internet Era," in PACIS, 2003, p. 121.

[43] D. D. Gremler and S. W. Brown, "The loyalty ripple 
e�ect: appreciating the full value of customers," 
International Journal of Service Industry Management,
vol. 10, pp. 271-293, 1999.

[44] M. Zineldin and P. Jonsson, "An examination of the 
main factors a�ecting trust/commitment in supplier-
dealer relationships: an empirical study of the 
Swedish wood industry," The TQM magazine, vol. 12, 
pp. 245-266, 2000.

[45] B. H. Clark, "A summary of thinking on measuring the 
value of marketing," Journal of Targeting, Measurement 
and Analysis for Marketing, vol. 9, pp. 357-369, 2001.

[46] C. Grönroos, Service management and marketing: 
customer management in service competition: John 
Wiley & Sons, 2007.

[47] M. Söderlund, "Measuring customer loyalty with 
multi-item scales: a case for caution," International 
Journal of Service Industry Management, vol. 17, pp. 
76-98, 2006.

[48] A. Caruana, "Service loyalty: the e�ects of service 
quality and the mediating role of customer 
satisfaction," European Journal of Marketing, vol. 36, 
pp. 811-828, 2002.

[49] E. Lafuente, Y. Vaillant, and C. Serarols, "Location 
decisions of knowledge-based entrepreneurs: Why 
some Catalan KISAs choose to be rural?," Technovation, 
vol. 30, pp. 590-600, 2010.

[50] M. S. Minai and E. O.-I. Lucky, "The moderating e�ect 
of location on small �rm performance: Empirical 
evidence," International Journal of Business and 
Management, vol. 6, p. p178, 2011.

[51] K. S. Sridhar and G. Wan, "Firm location choice in 
cities: Evidence from China, India, and Brazil," China 
Economic Review, vol. 21, pp. 113-122, 2010.

[52] M. S. Minai, E. O.-I. Lucky, and H. A. Rahman, "An 
Empirical Examination of the E�ect of Entrepreneurs' 
Biologocal Makeup on the Firm Performance," 
International Business Management, vol. 6, pp. 621-
628, 2012.

[53] J. W. Creswell, V. L. Plano Clark, M. L. Gutmann, and 
W. E. Hanson, "Advanced mixed methods research 
designs," Handbook of Mixed Methods in Social and 
Behavioral Research, pp. 209-240, 2003.

[54] M. Easterby-Smith, R. Thorpe, and P. Jackson, 
Management Research: Sage, 2012.

[55] U. Sekaran, Research methods for business: A skill-
Building Aproach. New Jersey: John Wiley & Sons, 
2000.

[56] S. McQuitty, "Statistical power and structural equation 
models in business research," Journal of Business 
Research, vol. 57, pp. 175-183, 2004.

[57] J. W. Hoelter, "The analysis of covariance structures 
goodness-of-�t indices," Sociological Methods & 
Research, vol. 11, pp. 325-344, 1983.

[58] U. Sekaran, Research methods for business: A skill 
Building Approach. New Jersey: John Wiley & Sons, 
2006.

[59] J. Collis, R. Hussey, D. Crowther, G. Lancaster, M. 
Saunders, P. Lewis, et al., Business Research Methods, 
New York: Palgrave Macmillan, 2003.

[60] M. N. Saunders, M. Saunders, P. Lewis, and A. Thornhill, 
Research Methods for Business Students, 5 Edition, 
Chennai: Pearson Education India, 2011.

[61] J. A. Gliem and R. R. Gliem, "Calculating, interpreting, 
and reporting Cronbach’s alpha reliability coe�cient 
for Likert-type scales," 2003.



48 PLATFORM   VOLUME ELEVEN NUMBER ONE  JANUARY - JUNE 2015

PLATFORM - A Journal of Engineering, Science and Society

AUTHORS' INFORMATION

Hauwa Salehh Dutsenwai received 
her B.sc (Hons) degree in Business  
administration from Kaduna State 
University ( KASU) Nigeria in 2012 and 
obtained her Master Degree in 
Marketing from Universiti Teknologi 
Petronas (UTP) Malaysia in 2016 also 
work as a Research Assistant in 

Department of Management, UTP. Research areas are 
services Marketing and marketing strategies.

Dr Azrai Abdullah received his 
Diploma in Land Surveying from 
Universiti Teknologi MARA (1981) and 
BBA from Southern New Hampshire 
University, USA (1988). He later 
pursued his studies and earned an 
MSc in Corporate Finance from Salford 
University, UK (1997) and PhD in 

South East Asian Studies from Hull University, UK (2007).  
His professional career prior to joining academia spans 
from being Project Manager/Surveyor for five years and 
subsequently as Manager in the banking industry.

In 1998 he joined Universiti Teknologi PETRONAS (UTP) as 
an academic staff. He currently teaches finance courses 
to both the engineering and technology students. His 
academic and research interests include economic 
development history, economic transformation as well 
as finance. Currently, he is an Associate Professor at the 
Management and Humanities Department, Universiti 
Teknologi PETRONAS, Bandar Seri Iskandar, Perak, Malaysia.

Abu Bakar Sedek A. Jamak is a 
graduate of Master of Marketing (M.
Mktg.) from The University of 
Newcastle, Australia and prior to that, 
BBA (Hons.) from UiTM. He has had 30 
years working experience in a 
combination of academic functions 
and consumer sales and marketing 

industries in many well-known organizations which 
includes as Senior Lecturer, Senior Manager, national sales 
and marketing, Marketing Manager and Product Manager 
of FMCG brands management.  He has facilitated and has 
the skills to conduct short courses, coaching and workshops 
for entrepreneurs and industry executives in 
entrepreneurship, strategic management, strategic sales 
and marketing. He frequently serves as corporate trainer 
and provides consulting services to various government 
institutions, universities and micro, small & medium sized 
companies. He has presented 40 papers through 
conference proceedings, book chapter and journal 
publications that focus on marketing and entrepreneurship.



49VOLUME ELEVEN NUMBER ONE  JANUARY - JUNE 2015  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

Assoc. Prof. Dr. Chong Fai Kiat

Assoc. Prof. Dr. Bambang Ariwahjoedi

Assoc. Prof. Dr Suzana Bt Yusup

Assoc. Prof. Dr. Anita Bt Ramli

Assoc. Prof. Dr. Zulkipli B Ghazali

Dr. Mohd Tazli B Azizan

Dr. Lam Man Kee

Dr. Lai Fong Woon

REVIEWERS



PLATFORM - A Journal of Engineering, Science and Society

What to send
Send article/manuscript in Microsoft Word (any version) via e-mail, or on a media (CD or flash drive),  plus one PDF copy. 

Send high resolution illustrations/images/tables/graphs with jpeg extension separately.

Format
IEEE format should be adopted in preparing the article/manuscript. Do check the available 
IEEE format and templates at IEEE – Manuscript Templates for Conference Proceedings.

The Manuscript
1 The text should be preceded by a short abstract of 50 -100 words and a minimum of four keywords.
2 The manuscript must be typed on one side of the paper, double-spaced throughout with wide margins not exceeding 
 8 pages (including references).
3 Figures and tables have to be labelled and should be included in the text.  If authors are using databases, tables , 
 diagrams, etc from internet and print materials, permission must be sought first from the rights holder. Please attach 
 the permission(s) with the manuscript.
4 Footnotes should be kept to a minimum and be as brief as possible. The footnotes must be numbered consecutively.
5 Special care should be given to the preparation of the drawings for the figures and diagrams. Except for a reduction 
 in size, they will appear in the final printing in exactly the same form as submitted by the author.
6 When submitting the article/manuscript, authors are also required to submit photographs and biography of 
 themselves including academic background, work experiences and research interests. 

Submission/Acceptance Procedures
1   Articles/Manuscripts are evaluated by an editorial review board (internal and external). 
2  Following initial selection, authors whose papers have been accepted for publication will be notified by email. 
3   Only original and unpublished articles may be submitted. 

Submit Articles/Manuscripts to:  
     PLATFORM Editor-in-Chief
     Universiti Teknologi PETRONAS
     32610 Bandar Seri Iskandar
     Perak Darul Ridzuan
     MALAYSIA
     Email:  mfadzil_hassan@petronas.com.my
                   azaman@petronas.com.my

ABOUT PLATFORM

PLATFORM is a biannual, peer-reviewed journal of Universiti Teknologi PETRONAS. 
It serves as a medium for faculty members, students and industry professionals to 
share their knowledge, views, experiences and discoveries in their areas of interest 
and expertise. It comprises collections of unpublished and original work by the 
academic staff and students of the university as well as industry professionals.

Guideline for Submitting a Paper to PLATFORM
These guidelines are designed to simplify and help standardize submissions.  Length 
varies, but an average of 3,500 to 5,000 words, plus illustrations/images and captions. 
Maximum length should be about 8,000 words.




