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INTRODUCTION 

Being known as one of the toughest hydrocarbon 
extraction related problems, sand production from 
wells is a major difficulty faced by oil and gas industry 
all over the world for decades. The production of 
sand alongside the formation of fluids which are 
water, oil as well as gas due to unconsolidated nature 
of the formation is called sanding [1]. Many of the 
operational problems experienced by oil companies 
are caused by the production of sand during oil and 
gas production [1, 2] and erosion of pipelines is one 
of them. 

Erosion is a wear process, which causes surface 
damages through repeated application of localized 
stresses. Erosion due to solid particles impact is a 
problem of practical significance in almost all areas 

of oil and gas. Erosion as “the material loss from the 
metal surfaces that being impacted by a flowing fluid 
which carries tiny, solid particles with a sequence 
of mechanical actions” [2]. Sand erosion can cause 
severe damage to pipelines and equipment such as 
choke valves, wellhead and pumps. In fact, there were 
many cases where leaking accidents happened due to 
the erosion of metals caused by coarse sand and fines 
in the oil and gas flowlines [2, 3]. In some extreme 
cases resulted in a fatality due to the leaking of highly 
pressurized natural gas from the production flow-
lines that lead to an explosion. Figure 1 is an example 
of equipment failure due to sand erosion.

This study focused on the erosion of gas pipelines 
caused by sand production. The main objective of this 
study is to investigate the effect of orientation angles 
on the sand erosion of carbon steel. In this study, other 
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ABSTRACT 

Sand erosion is one of the common problems in oil and gas industry. The fine sand impact causes surface erosion and 
significantly damages the pipelines. The aim of the present work is to investigate effects of impact angle at 45o and 90o 
on the S45C carbon steel through scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS). 
Erosion experiments on steel samples were conducted for a fixed exposure time of 1 hour, sand particle size ranging 
from 150 um to 212 um, air flow velocity of 20 m/s and distance of nozzle and carbon steel of 10 cm. Results revealed 
that the composition of the samples was significantly altered after treatment due to the surface erosion and particle 
trapping. In-depth analysis revealed that the erosion of the carbon steel was observed to be more severe at an impact 
angle of 90º compared with an impact angle of 45o. 

Keywords: Carbon steel; sand erosion; impact angle



3VOLUME THIRTEEN NUMBER ONE  JANUARY - JUNE 2017  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

parameters such as air velocity, sand flow rate, the 
distance between impact target and nozzle are kept 
constant throughout the study. Herein, the effects of 
impact angle on S45C carbon steel were investigated 
through SEM and EDS techniques.

Figure 1  Failure caused by sand impact [1]

MATERIALS AND METHODOLOGY

The sand particle size was kept constant ranging at 
150 um to 212 um throughout the study. Thus, dry 
sieving method was used to classify the size of the 
sand particles. These analyses were performed by 
using a set of sieves with gradually decreasing screen 
size. Schematic of the arrangement of the sieves used 
for dry sand sieving is shown in Figure 2. 
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Figure 2  Schematic of the arrangement of sieves 
used for dry sand sieving

The dried sand was passed through a stacked set of 
the sieves of the following mesh sizes: 1.18 mm, 600 
μm, 425 μm, 300 μm, 212 μm, 150 μm, 63 μm and 45 
μm. The formation sample was placed on the top of 
the mesh series and it seeped through the screens 
until it faced the screen with openings smaller than 
the grain size. The mechanical vibration was applied 
to assist the sand grains in seeping through and on to 
the various mesh screens. The test sand was collected 
at 150 um sieve to get the desired range of 212 um to 
150 um.

The sand type used in this study was sandstone: a 
clastic sedimentary rock of sand-size particles, which 
was used as an erosion agent for flow-lines erosion. 
The S45C carbon steel plates were bombarded and 
eroded by sand samples ranging from 212 um to 150 
um particle size. These plates represented the inner 
surface of the production flow-line. The chemical 
composition of S45C Steel was 0.42% – 0.48% carbon, 
0.15% – 0.35% silicon, 0.6% – 0.9% manganese, 0.030% 
maximum phosphorus and 0.035% maximum sulphur. 
The schematic diagram of the setup used to serve this 
purpose is shown in Fig. 3.
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Figure 3 Schematic of the erosion test facility [13].

The blower was capable of supplying the air at a 
maximum flux of 120 m3/h. The air flow velocity was 
fixed at 20 m/s while the carbon steel plates were 
bombarded with sand at two different angels; 45º 
and 90º. The sand flow rate was fixed to 1 kg/hr. The 
distance between steel plate and nozzle was fixed to 
10 cm. Prior to the experiment, the untreated carbon 
steel plates were examined using SEM and EDS 
techniques. At the end of the study, the carbon steel 
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plate’s surface morphology and chemical composition 
were examined using SEM and EDS techniques. Finally, 
the SEM and EDS results of the treated and untreated 
carbon steel plates were compared and discussed.

RESULTS AND DISCUSSION

Over the years, it was believed that the sand particles 
of 50 to 75 microns causing insignificant erosion 
due to small particle size. However, these smaller 
particles can easily escape through most sand 
screens, which make them almost inevitable in oil 
and gas production. They can severely damage the 
installations at the location where coarse sand cannot 
reach in normal situations [4, 5]. The evidence from 
oil and gas industry have shown that the sand is 
one of the major causes of pipelines erosion. In this 
study, the effect of sand impact on S45C carbon steel 
at 45o and 90o angle was investigated for a better 
understanding of the sand erosion in flow-line. The 
composition of mine sand in Perak state of Peninsular 
Malaysia was determined using EDS analysis while 
the surface morphology of the sand was examine 
using SEM analysis. Figure 4 shows the EDS pattern 
and SEM analysis of the unrefined sand, which was 
sieved and used as an erosion agent for flow-line 
erosion. The results reveal that mine sand contains 
aluminium, silicon and phosphorus as well as carbon. 
The presence of nitrogen, oxygen and fluorine was 
believed due to surrounding air [6, 7]. It also found 
that the sand consists of the particle from different 
shapes and sizes. The irregularity nature of the sand 
particle was clearly shown by the SEM analysis. 

Figure 4 EDS pattern and SEM analysis of mine sand 
in the Perak state of Malaysia.

The abrasive erosion of carbon steel was studied 
through sand blasting carried out at room 
temperature. It is more likely a physical phenomenon 
rather than a chemical process. Fig. 5 shows EDS 
spectra of untreated and treated S45C carbon steel 
plates, which were used as metal specimen in these 
experiments. The EDS spectrum in Fig. 5 shows that 
the untreated metal plate was composed of carbon, 
ferum (iron) and nitrogen. Meanwhile, the SEM 
analysis of the untreated carbon steel shows smooth 
plate surface with only minor rough surface found or 
scratches at some areas.

Figure 5 EDS and SEM of S45C carbon steel 
untreated

The effect of impact angle on erosion was studied 
from SEM images of the treated carbon steel samples. 
The SEM micrographs of the carbon steel plates 
bombarded for one hour with sand particles size 
ranging from 212 – 150 um at 90o angle were shown 
in Fig. 6. It was observed that the surface of the carbon 
steel plate change significantly compared with the 
untreated carbon steel plate. It was seen that the 
eroded regions turned to dark circle revealing high 
surface roughness. 

SEM images in Figure 7 revealed the effect of the 
impact of 45o angle on carbon steel surface. It was 
observed that the sand erosion on the carbon steel 
at 45o angle were less than 90o angle. Even though 
the sand eroded the carbon steel, it was not as severe 
as the sand erosion at 90o angle.  At this angle, the 
accelerated sand particles were not exhibiting any 
angular slip and imparting maximum energy to the 
metal surface. However, at the impact angle of 45º, 
the sand particles were exhibiting angular slip due 
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to the path created by the inclined metal surface. 
The particle impact force was split into axial and 
radial components. At smaller angles, only the axial 
component was contributing to the energy transfer 
from sand particles to the metal surface. As a result of 
this, the sand impact was reduced and consequently 
the surface erosion.

Figure 6   SEM images of carbon steel treated at an 
impact angle of 90º with sand particles size ranging 

from 150 um to 212 um.

Finally, the EDS analysis on the treated carbon steel 
found that the composition of the eroded plate 
was significantly changed in these investigations. 
It reveals that some of the particles were diffused 
into the metal surface during sand impact. The new 
elements in the metal body were surely introduced by 
the sand, as shown in Fig. 8. 

Figure 7  SEM images of carbon steel treated with 
150 um to 212 um sand particles at 45º.

The post-treatment composition of the samples was 
changed to carbon, silicon, ferum, aluminium and 
phosphorus. It shows that the erosion of metal due 
to sand also changes its composition [8, 9, 10]. The 
detailed SEM analysis also revealed that the surface 

of the S45C carbon steel was significantly changed. 
It was the found that surface of the carbon steel 
changed from smooth to rough across the tested 
carbon steel.

Figure 8 EDS and SEM analysis of untreated S45C 
carbon steel.

CONCLUSION

This study investigated the erosion of carbon steel due 
to sand impact at 45o and 90o angle at 150 um to 121 
um sand particle size. It is concluded that the erosion 
rate could appreciably be reduced by decreasing the 
target angle w.r.t incident sand stream. This study 
found that the impact angle of 90º caused more 
erosion compared to 45º. In addition, the chemical 
composition of the carbon steel also altered due to 
the impact of the sand particle to the surface of the 
carbon steel.
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ABSTRACT

This paper presents a comprehensive survey of applying optimization techniques and optimal control systems for 
electric-driven chillers. It covers more than 80 works including optimal load operation and optimal sequencing 
operation for chiller units. The major objective is to optimize set-points operation to reduce energy consumption. 
It also discusses the current techniques and summarizes advantages, deficiencies, and overcoming the current 
challenges.

Keyword chillers plant, energy Consumption, optimization techniques, optimal control systems.

INTRODUCTION 

Energy cooling systems account for more than 40% 
of the total energy consumption in buildings [1, 2]. 
Of this cooling systems, chiller plant is one of the 
biggest energy consumers. The plant consists of 
chillers, pumps, and cooling towers. The main reason 
for its increasing energy consumption is due to poor 
adjustment of recommended operating set-points. 
Thus energy management can be used to optimize 
the selection of these set-points in order to reduce 
energy consumption and ensure system efficiency 
[3]. This can be achieved through the use of some 
optimization techniques. The optimization is to 
enhance its performance that significantly keeps the 
cooling demand satisfied [4]. 

This paper discusses the problem of optimal loading 
chiller units and reviews the current works for solving 
the loading problem through optimization methods. 
But these techniques have minor deficiencies. The 
contribution of this study is to discuss and suggest 

optimal methods, to help out for overcoming some 
disadvantages of control systems and optimal 
methods. The paper is organized in seven stages as 
follows; Section 1 is an introduction about optimal 
energy consumption in chiller plant and Section 2 
is dealing with the traditional methods for optimal 
loading problem. Section 3 discusses optimization 
methods which are classified into heuristic, self-
organized and hybrid algorithms. Section 4 is about 
the control systems, a survey covered the classical 
(ON-OFF, P, PID systems), a model predictive control 
and an intelligent control system (Sections 2 to 4 
are shown in Figure 1). The optimization and control 
features as well as a conclusion and future trends have 
been discussed and presented in last sections [5, 6].
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Figure 1 Optimization and control methods in chillers system

OPTIMAL CHILLER USING CLASSICAL METHODS

Several researches conducted research on 
optimization techniques in relation to Optimal 
chiller loading (OCL). In this section, three works 
are presented to solve different problems aiming 
to reduce energy consumption. Firstly in [5], the 
author has proposed Lagrangian Multiplier (LM), but 
for convergence, it cannot work at a low part load 
of power and demand. Secondly, Ma et al. [6] and 
[7] developed a model for optimal control settings 
which is utilized the quadratic equation of the delta 

enthalpy in Pressure-Enthalpy curve to predict 
chiller power consumption while considering both 
the chiller and tower fan power consumption using 
the Performance map and exhaustive search (PMES) 
method. This is to solve the optimal cooling water 
temperature. Thirdly, Gradient method (GM) based 
on Taylor-series equation is proposed by Y.-C. et al. [8]. 
This was used to overcome the convergence problem 
at low demand. The gradient search technique begins 
the optimization process, and the objective function 
seeks to solve the OCL problem by changing gradient 
path. Therefore, objective function will change its path 
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looking for best value in search space. After extensive 
experimentation, GM produced high accuracy, 
rapid execution, and has overcome the lambda-
iteration which can cause a problem by not reaching 
convergence at low demand as in the previous case 
of LM. 

OPTIMAL CHILLER USING 
OPTIMIZATION METHODS

Several works have been reviewed and discussed 
to solve optimal loading and sequencing for power 
consumption, cooling load, and chilled-water 
temperature, in addition to, chillers staging and 
scheduling. The objective of this section is to review 
and discuss optimization works for reducing power 
consumption by;

Evolutionary algorithms

Evolutionary algorithms (EA) are search heuristic 
that mimic the process of natural selection used to 
generate useful solutions to optimization and search 
problems [9]. These techniques are capable of handling 
the multimodal, multidimensional, nonlinear, mixed 
discrete-continuous and constrained problems. These 
facilities let EAs to be distinguished from others that 
have better averages [10].

Herein, Wang Y et al. [11] developed a model for 
cooling coil units using a two 2-way valve in order 
to regulate the cooling load variations. Optimization 
methods like Genetic algorithm (GA), Dynamic 
programming (DP) and Evolution strategy (ES) have 
been proposed by L. Lu et al. and Y.C. et al. [12-15] to 
solve the OCL and Optimal chiller sequencing (OCS) 
problems respectively to reduce energy consumption. 
Also [16] has utilized ES and [17] employed GA to 
solve the optimal loading problem by adjusting the 
cooling temperature to reduce power consumption. 
GA method is utilized to produce better offspring by 
randomly choosing the digits (decimal) and fragments 
from the parent's zeroes and ones. The process 
continues until the most fitted chromosomes (S) are 
obtained. Based on the reproduction, crossover, and 

mutation operators, GA can change or exchange 
chromosomal information of the old generation in 
order to produce more favorable off springs. GA tries 
to generate better offspring to improve the fitness 
function for reducing power consumption by getting 
a maximum fitness value in the searching process. 

Lu Lu et al. [18] suggested a Modified genetic algorithm 
(MGA) is to optimize the chiller operation so as to 
reduce power consumption. The MGA has optimized 
the set-point control for the condenser pump water 
flow rate, and temperature of condenser water 
supply which varies with the changing of the cooling 
loads and ambient temperature. The findings have 
achieved an improvement in the system performance 
compared with traditional strategies. The MGA is 
much faster than GA in computation time. Also [18], 
[19] have developed the chiller power consumption 
model with a Quadratic equation (QE) of a partial load 
ratio, chilled water supply temperature, and cooling 
water return temperature. QE is used to apply in GA to 
solve the optimal problem by setting points of cooling 
water temperature. Most conventional methods use 
quadratic equations to express their characteristic 
curves, some even approximate with linear and 
nonlinear equations. The Cubic equation (CE) is used 
to establish the power consumption model of a chiller, 
CE model has a better accuracy compared to QE.

Fong et al. [20-21] developed Evolutionary 
programming (EP) and a Robust Evolutionary 
Algorithms (REA) to solve the non-linearity and 
constrained optimization of HVAC, this in order to 
control the settings of chilled water and supply air 
temperature, and HVAC energy management. This has 
achieved saving energy with no extra cost, however EP 
has been proved powerful for optimum searching and 
nonlinear function and can be used for the prediction 
of events [23] to optimize HVAC, where the method 
emphasized both mutation and recombination, in 
addition to selection, and used a constraint-handling 
operator instead of the penalty-based approach, 
which successfully demonstrated through an 
application example. This method outperforms the 
GA shortcomings in terms of computation time and 
efficiency.
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Fong et al. [10] also utilized REA to minimize the 
monthly energy consumption, this is to optimize 
the chilled water supply temperature and supply air 
temperature of air handling unit. The setting points 
of each operating hour and hourly total energy 
consumption were determined for all the operating 
equipment in response to the cooling load and weather 
condition based on TRNSYS model. Also, Tabu search 
algorithm [24] is used to solve the optimal loading 
for distributing the cooling load, and Lee et al. [25] 
utilized Differential evolution (DE) algorithm to solve 
the problem of OCL to reduce power consumption. 
The results have shown that DE can find the optimal 
solution, and it has better average solutions. It solved 
the convergence problem at low demand. Also [26] 
proposed differential search (DS) algorithms to solve 
the problem of OCL. 

Evolutionary methods play a vital role in the optimal 
chiller operation by adjusting the temperature set-
points, which result in reducing power consumed 
and operating cost. For this, [27] has employed a 
two-objective genetic algorithm to optimize the 
supply air temperature, supply duct static pressure, 
chilled-water supply temperature, and minimum 
outdoor ventilation. Jun et al. [28] utilized optimal 
strategy to reduce two chillers consumption using 
an adaptive genetic algorithm (AGA). Furthermore, 
an improved genetic algorithm (IGA) is proposed to 
schedule chillers and optimize the system operation 
real-time for the cooling load. The system scheduling 
can be achieved for ON-OFF chillers and real-time 
implementation is realized at a certain time [29]. 

A unified method for Multi-chiller management (MCM) 
optimization is presented that deals simultaneously 
with the OCL problems, with the overall objective of 
reducing both power consumption and operative 
costs. The use of a cooling load estimation algorithm 
combined with a multi-phase genetic algorithm 
MPGA to reduce energy consumption by optimizing 
the problem. It is shown that the MPGA represents an 
efficient and suitable approach to solve the optimal 
loading. However, MCM is a nonlinear, constrained, 
combinatorial optimization with both continuous 
and discrete variables, but it lacks the real-time 

implementation. This work is done by [30]. 

Few control schemes have been reviewed [31], where 
a two multi-objective GA’s involving supervisory 
control to set points of supply air temperature and 
chilled water supply temperature for satisfying the 
maximum comfort with a minimum energy use [27], 
[32].

Swarm intelligence 

Swarm intelligence (SI) is basically used for cellular 
robotic systems for describing the self-organization 
of simple mechanism through nearest-neighbor 
interaction [23, 33]. These methods are known for 
their ability to produce low cost, fast with highly 
accurate solutions to complex search problems 
such Particle swarm optimization (PSO), Ant colony 
optimization (ACO) [34, 35]. For this [36] and [37] 
developed PSO to solve a continuous problem of 
optimization parameters for optimal chiller loading 
problem. The findings proved that the algorithm has 
the capability to execute convergence at low loads 
and better efficiency. PSO depends on the movement 
behavior of birds and fish. To extend, Ramiro et al. [38] 
has applied PSO to the design of HVAC to optimize 
the setting points of cooling piping system. And it 
is also applied [39] for solving the optimal problem 
in an ice-storage air conditioning system to the 
office building. PSO algorithm was employed [40] 
to solve the mathematical model, which formulated 
from the collected data of a laboratory. So, it was 
used to investigate the control setting for energy 
usage. The proposed method achieved a reduction 
in energy consumption, chillers sequencing, and its 
characteristics stable for convergence. But it lacks a 
mathematical foundation for analysis [41].

A two-layer controller [42] for multiple-chiller is used 
to solve the problem of OCL and OCS with PSO. At 
first layer, the scheduling stage determines which 
chillers are loaded at each sub-time period, while 
the second layer for operating stage which is used to 
calculate the operation condition at each sub-time 
period. Both of them demonstrated energy savings 
with a good accuracy in the prediction process. 
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The prediction parameters will change during the 
operation [43]. Several strategies of control systems 
[44, 45] suggested maximizing the Coefficient of 
performance (COP) using a probability distribution 
of PLR. The chillers will be operated according to a 
sequencing strategy in accordance with the cooling 
load demand. While ON-OFF control is according to 
load variations in buildings.

On that, [46] developed a Strength multi-objective 
particle swarm optimization algorithm (S-MOPSO) 
applied to build a dynamic model. This model is based 
on the data mining for the multi-cooling outputs of an 
air handling unit. By using historical data, MOPSO can 
predict and estimate the humidity, and temperature. 
Also [47] has applied PSO to optimize the hourly AHU 
models in order to reduce power consumption. A case 
study of a unified method based PSO is employed by 
[48]. This is to manage the problem of OCL for efficient 
energy by two steps. The first step is to estimate the 
cooling load by PSO, the second step is to use PSO to 
determine which chiller to be ON or OFF according 
to the predicted and estimated load. Another study 
by [49] using i- PSO to minimize the total annual cost 
based on three different strategies; to serve storage, 
full storage, and variable storage systems. These 
systems are used to support the electric chillers 
during day-time, while outdoor temperature is hot in 
order to meet the cooling demand. In addition to [50] 
has employed Modified particle swarm optimization 
(MPSO) to solve multi-optimization objectives 
for HVAC. These objectives are reducing energy 
consumption, control setting of room temperature, 
relative humidity, and CO2 concentration. These four 
objectives are considered for achieving the desirable 
range of indoor air quality (IAQ).

An Artificial cooperative search (ACS) [51] has applied 
for OCL problem. This algorithm simulates and imitates 
the migration of two artificial super-organisms that 
interact each together. This method outperforms the 
shortcomings of Average loading method (AVL), LM, 
GM, GA, ES [51]. For OCL problem [52, 53] has utilized 
simulated annealing (SA) to solve chiller model. On 
the other hand, SA has utilized to adjust the operation 
setting PLR, the PLR is used as a variable decision which 

outperforms the deficiencies of LM at low rate low for 
convergence, and reduced the energy consumption. 
Li et al. [54] has employed SA to optimize variable 
control parameters for reducing power consumption, 
and to optimize the chilled-water plant including 
the (chiller, water pump, and cooling tower) models. 
While, a nonlinear programming optimizes in order to 
achieve the ice-storage optimization using Adaptive 
simulated annealing genetic algorithm (ASAGA) [55]. 
Another study by [56] which was used a generally 
reduced gradient (GRG) to solve the optimal chiller 
loading. The findings have demonstrated the 
proposed method is better than those techniques as 
compared in [56]. 

The Firefly algorithm (FFA) is used to find the global 
optima for OCL problem. The behavior of firefly’s 
attraction is considered a model of FFA [57]. The 
attracting fireflies select the mating partner according 
to the differences in the light intensity. FFA is not a new 
technique, many traditional FFAs have been proposed 
for the optimization problems [58-65]. An Improved 
firefly algorithm (IFFA) based on Gaussian distribution 
function has suggested by Leandro et al. [66], to solve 
the problem of OCL. This IFFA has been utilized for 
chiller plant to reduce the power consumption under 
the variables of PLR and overcomes the traditional 
FFA to accelerate the optimum in the search solutions. 
However, the control parameters design tuning 
to improve the convergence of the FFA, which is a 
challenging issue for the classical ones. The effective 
optimization solution for this issue was achieved 
by using Gaussian search incorporates with FFA to 
construct an improved FFA by restoring the balance 
between exploration, and exploitation affording, 
this is to increase the probability of escaping basin of 
local optima attracting. This method is efficient and 
better than the traditional FFA for reducing power 
consumption in the multi-chiller plant. 

Cuckoo search algorithm (CSA) is based on the 
obligate brood-parasitic behavior is combined with 
Levy flight and birds and fruit flies behavior. The 
hybrid generates a new efficient optimization method 
which is called Differential CSA (DCSA). This technique 
has been proposed by [67] in chiller plant for reducing 
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power consumption and solving OCL problem. The 
optimization problem was solved by the FFA, to solve 
the HVAC optimal sequencing setting problem in [68], 
to obtain two controllable variables which are supply 
air temperature and flow rate. The adjustment for 
each HVAC zone is to meet cooling load and to ensure 
the thermal comfort. The energy consumption of each 
zone is determined by the predictive models based on 
the environmental conditions, and each zone is built 
by a multilayer-perceptron neural network algorithm.

Hybrid optimization methods 

Various optimization strategies have been proposed 
to reduce energy consumption, some researchers 
recently focus on Hybrid optimization techniques 
(HOT), because of their efficiency with satisfactory 
results. This part reviews hybridization algorithms 
which are aiming to minimize consumption and 
maximize saving for energy, in addition to satisfy 
cooling load based on thermal energy storage (TES). 
In this regard, combined methods are reviewed GA 
and PSO have been combined to solve the optimal 
chiller loading problem, which is used to overcome 
the deficiencies of PSO or GA, and to reduce energy 
consumption for CHP [36]. However, a hybrid 
technique in [69] develops a new model for chiller 
efficiency based on the set-points adjustment. 
A Dynamic optimization (DO) method using a TES 
has been utilized to enhance the chiller efficiency, 
the method uses the total load at each time interval 
(j) as a decision variable, while TES is stored at time 
interval (j+1) to shift load to off-peak hours, this will 
provide some chillers go to off-mode for reducing 
their consumption. TES is commonly used to meet the 
demand as well as chillers assistant for saving energy. 
In this, it is very difficult to prevent ON-OFF chillers 
regularly [70].

A hybrid system combining Sequential quadratic 
programming (SQP) and Modified branch and bound 
(MBB) algorithm is employed to identify the system 
parameters for chillers model in [71, 72]. In [1], a 
two-level intelligent technique based on a Genetic 
algorithm (GA) and PSO is used to adjust parameters 
of chiller plant for energy saving. Here, the GA is 

used to control the ON-OFF operation of the chillers 
using binary variables (0, 1) while PSO is used to tune 
entering water temperature in order to determine the 
cooling load. Xu et al. [73] used PSO to propose optimal 
energy consumption strategy by shifting peak load of 
the building. The energy consumption with the PSO-
based strategy was less than the one without PSO. Lee 
et al.[37], a hybrid PSO and Hooke-Jeeves algorithm 
are used to find optimal settings of a chilled water 
system is proposed in [74]. This algorithm is used to 
adjust the set-points of chilled water and cooling 
water temperatures. 

Another combined technique of PSO and Hooke-
Jeeves algorithm (HJA). PSO is employed for local 
search optimization while the HJA overcomes the slow 
convergence of PSO. It was found that the algorithm 
is employed, power consumption reduced by 9.4 % 
and 11.1 % in summer and winter, respectively. An 
improved PSO is implemented for Optimal chiller 
loading (OCL), where it was found to have enhanced 
system performance and saved power by 35.19 %[75]. 
In addition [76] developed a hybrid neural network 
NN-PSO algorithm for optimal energy consumption. 
The NN is used to calculate and train chillers output, 
while PSO is used to optimize each unit in order to 
reduce power consumption, the algorithm has the 
ability to converge even at low loads [36, 37]. 

Strength multi-objective PSO (S-MOPSO) and Strength 
pareto evolutionary algorithm (SPEA) are combined 
in [46] to minimize hourly energy consumption. The 
global search ability of the EA algorithm is used to 
strengthen the weak global search capability of the 
PSO. The OCL has been proposed by [75] based on 
improved PSO. Beghi et al. [48], PSO is employed to 
solve the OCL problem through efficient energy 
management. This was achieved in two steps; to 
estimate the cooling load and to determine which 
chiller to be ON or OFF according to the predicted 
load.

Chen et al. [77] has employed a hybrid technique 
consists of artificial neural network (ANN) and genetic 
programming (GP) to optimize chiller operation. 
Therefore, ANN was utilized to create system models 
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using a linear regression, and GA was used to find 
the optimal values for chiller, secondary pump, and 
air handling unit. While [78] proposed model-based 
optimization process for HVAC systems using GA and 
ANN. This process can be integrated into the control 
system to perform intelligent functions based on 
ANN, and achieve optimal performance for HVAC 
based on hybrid system (GA-ANN). ANN is used as 
data-driven and works as self-tuning models to make 
HVAC efficient. Also using ANN and GA algorithm 
have been used to develop model for optimal chiller 
operation [79]. 

Lu et al.[80] has suggested a hybrid of adaptive neuro-
Fuzzy inference system (ANFIS) and GA are to optimize 
the chillers loading. So, ANFIS is used to increase the 
speed of convergence while their combinations are 
used for optimization. A neural network (NN) model 
applied for chiller and combined PSO. This method 
NN-PSO is utilized to optimize the chiller loading. 
Where, NN model is used to calculate and trained the 
chiller output, and PSO is employed to calculate and 
optimize the function of power consumption of each 
unit [76]. To realize the real-time and saving energy, 
Xiaofei et al. [81] proposed three computational 
intelligence (CI) algorithms which are EA, PSO, and 
harmony search (HS) have been combined their 
parameters to achieve two objectives; minimum 
energy consumption, and achieving ramp rate of the 
indoor temperature. 

OPTIMAL CONTROL SYSTEMS

Classical control system

Today’s control software and technology offer the 
potential to implement more advanced control 
algorithms. Controllers have been utilized in HVAC, 
such as ON/OFF, PI, and PID [82-84]. These are used 
to regulate indoor temperature. However, they can 
achieve desirable indoor temperature, but the energy 
consumption increased dramatically. These schemes 
are not at high accuracy [85, 86], poorly performing 
and generally have not been offered optimal control 
strategy [87]. Supervisory and optimal control systems 

of building HVAC have been reviewed in [88] between 
(1993-2007), but some works are related to this paper. 
As such, Bo Fan et al. [89] has employed the probability 
of density distribution for evaluating the hourly 
cooling load ratio and daily power consumption. The 
yearly estimated consumption in this work based on 
window density estimation, which is able to meet and 
distribute the cooling demand.

In addition [90, 91] have developed the model-based, 
to a set-point control for condenser water temperature. 
The proposed has conducted three chillers, and three 
cooling towers. Accordingly three variables in the 
system have to be controlled. These variables are the 
load demand, condenser temperature difference and 
speed of cooling tower fans. Gen.Opt optimization 
was utilized to adjust the constraints of the cooling 
load, temperature, and cooling fan for maximizing 
power saving and minimizing consumption. Then, 
[92] developed a new mathematical model for near-
optimum tower control and free cooling on the 
condenser water side, this method was applied to 
optimize the performance chiller plant and their 
scheduling. Based on the three years historical 
data, the proposed technique has demonstrated 
its efficiency improvement under different control 
strategies. 

Model-predictive control system

The main goal of Model-based predictive control 
(MPC) is to utilize the plant model to predict and 
estimate the system output in future. Elliott et al. [93] 
presented a global control that generates the set-
points for the local control system based on MPC, 
which aims to balance the cooling zones tracking 
with optimal energy consumption. The adaptive 
controller's systems have utilized TES in order to meet 
the cooling demand, MPC is utilized to optimize the 
storage chilled-water in a tank [94, 95].

For chillers scheduling, green scheduling is proposed 
to maximize the chiller performance [96]. Also, dynamic 
programming was used for the constrained optimal 
scheduling to optimize the energy management 
and the approximate dynamic programming based 
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on abstraction to a Markov chain of the stochastic 
hybrid system to optimize the cooling load [97, 98]. 
For Cooling storage system (CSS) [99] has utilized MPC 
to optimize the cooling load according to a building’s 
historical data, and [100] proposed optimized control 
algorithm to adjust and control chilled water supply 
temperature set-point with cooling demand request. 
However, MPC is used to optimize the set-points for 
cooling in order to satisfy the demands. However, a 
heuristic algorithm (HA) [85, 101] is used to be with 
mixed integer linear programming (MILP). This study 
is used to schedule 7 chillers to maintain demand in 
the building. It has reduced the consumption and 
the campus total cost, achieved ON-OFF real-time. 
Moreover, COP is more efficient and maximized as 
compared to [102, 103]. 

MPC can incorporate the artificial system like multiple 
fuzzy model-based temperature predictive control for 
HVAC [104] and [105] has studied the effect of a heuristic 
optimal TES load allocation strategy to allocate chillers 
peak demand. A dynamic programming is employed 
to optimize the parameters model of ISS, which it’s 
used to meet and satisfy the cooling load based on the 
priority of scheduling chillers [106]. Application MPC 
theory and application of HVAC has been reviewed in 
[107].

Artificial intelligence 

Several researchers have been focused on optimization 
techniques using Artificial intelligence (AI) recently. 
The current research trends in cooling systems utilize 
learning based methods. These methods include (i) 
ANN (ii) FIS, (iii) ANFIS and (iv) Hybrid algorithms. As 
a survey, multiple fuzzy model-based temperature 
predictive control for HVAC systems have been 
presented in [104]. Hopfield Neural Network (HNN) 
can be used, depending on trial and error techniques 
to find an optimal solution. This requires a large 
number of iterative and is very time consuming 
[108]. To overcome the classical HNN limitation, [109] 
developed an optimal chilled water temperature 
based on HNN using a linear model instead of a 
sigmoid function for accelerating the solution speed. 
Also, [110] utilized neural networks to analyze data 

collected from the plant to establish modules for 
energy saving by adjusting cooling tower fan, and 
optimizing chiller load. MATLAB is used to simulate 
and compare the findings.

Fuzzy is utilized in HVAC to determine the control 
set-points to reduce energy consumption [111], and 
[112] has employed ANN used to save energy. ANFIS 
is applied in HVAC systems to control the humidity 
and temperature, while MPC and least square method 
(LSM) for optimal sequencing chillers which can 
improve energy efficiency [113-115]. Furthermore, an 
adaptive Fuzzy logic control, is used to control a water 
valve for a cooling coil. This work was optimized by GA 
for Fuzzy rules, and it was validated by experimental 
work [116]. Fuzzy multi-criteria model has been applied 
in [117] to select the optimal cool storage system. 
The chilled water charging at 4-7°C is stored at night 
(off-peak) in the tank, this range of temperature will 
be greater than 7°C when chilled water is circulated 
(discharged) through the building piping to serve the 
cooling demand at peak hours. The proposed Fuzzy 
uses the weighting method to select the best optimal 
values for storage cooling. The weight value depends 
on the decision maker’s subjectivity, which may result 
in some errors or mistakes. Also, a Fuzzy is designed 
by [118] to serve the TES to charge and discharge 
the chilled-water during night and daytime to meet 
demand. 

On that, [119], [120] developed a new strategy to 
optimize the set-points of cooling demand, this 
methodology under variable decisions of PLR for 
chillers plant. A two Fuzzy Inference System (2 FIS) 
have been proposed, one is to manage the scheduling, 
and the other to satisfy the cooling demand based on 
TES. The 24 hours period was partitioned into four 
time zones (T.Z), with 6 hours each. The chilled water 
discharges based on demand request at day-time, this 
strategy claimed to save energy. Also optimal energy 
management for multi-cooling zones and modeling 
and control for cooling load. These techniques 
are employed to improve and reduce the chillers 
efficiency and energy consumption, respectively 
in [121, 122]. A new method is a Fuzzy model-based 
on the predictive function control for controlling a 
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temperature and reducing the relative humidity and 
power consumption as well. Fuzzy used Gaussian 
membership functions as in toolbox and models were 
built by helping the system identification toolbox as 
well. The finding has demonstrated the effectiveness 
of the method and saving power [123].

ALGORITHMS AND CONTROL FEATURES

The minimization objective functions that are utilized 
to reduce the energy consumption and satisfy the 
cooling temperatures are aforementioned. Here some 
features in this manner about optimal methods such 
as GAs may have a tendency to converge towards local 
optima or even arbitrary points rather than the global 
optimum of the problem. This means that it does not 
"know how" to sacrifice short-term fitness to gain 
longer-term fitness. This problem may be alleviated 
by using a different fitness function, increasing the 
rate of mutation, or by using selection techniques that 
maintain a diverse population of solutions [124]. 

For a local minimum SA is efficient, but the relaxation 
time must wait for the equilibrium to be restored 
after a change in temperature. This depends on the 
"topography" of the energy function and on the 
current temperature. However, the slow convergence 
is one of the SA disadvantages, so it can improve 
based on the quality and the searching efficiency of 
the algorithm. Also, it can speed up the convergence, 
and enable the algorithm output and the expected 
value approximation [125]. The ES, GA and EP are 
evolutionary algorithms, but EP with the local search 
is less prone to get stuck in local optima [126], while 
DS and ACS can solve OCL problem successively and 
efficiently compared to the PSO and other algorithms 
[127, 128]. The DE which called greedy search can 
converge fast, but can be eliminated by running 
several vectors simultaneously. The difference 
between GA and DE for a mutation that makes DE has 
self-adaptive and to select the process [129]. 

The problem with PSO that convergence is low 
especially when it is applied to a large system with 
many variables, also the fixed value of W throughout 

the search process may result in a premature 
convergence [130]. These studies [37, 46, 75, 119, 131-
134] have adjusted C1, C2 and W dynamically fuzzy to 
enhance PSO performance and to avoid premature 
convergence. For convergence and better results for 
optimal problem, IFFA is a very powerful algorithm for 
solving the optimization problems with capabilities 
to overcome the limitations of GA, DE, and FFA [135]. 
Although, recently there are new algorithms, the 
PSO is still popular and used commonly in many 
applications in industrial and engineering fields [136, 
137]. To overcome the individual limitation, some 
algorithms or control systems can combine to give 
better results. 

On the other hand, classical control techniques are still 
very popular because of their low cost. However, in 
the long run, these controllers are expensive because 
they operate at very low energy efficiency levels 
that when a well-tuned PID is applied to another 
system with another operating parameter, the system 
performance becomes poor and energy consumption 
increases dramatically. The PID controllers used 
to overcome the overshoot of temperature of the 
cooling system. MPC can be used at different levels 
of the process control structure and is also capable of 
handling a wide variety of process control constraints 
systematically. This is the reasons why MPC is often 
cited as one of the popular advanced techniques for 
industrial process applications. It can be used in either 
supervisory or primary control modes or constraint 
handling is naturally accommodated by the method, 
and can be packaged for automated systematic 
constraint setup [138]. 

Fuzzy, ANN and ANFIS techniques have advantages 
and disadvantages; Fuzzy benefits are considered 
to be rapid calculation times, , easy to understand, 
simple to operate, flexible in updating, high 
performance, can be built on top of the experience 
of experts and can achieve real-time application [139]. 
Above all, fuzzy models can be combined with NN 
to create ANFIS. Here the NN is used to reduce the 
system errors [140]. Consequently, Fuzzy systems 
show considerable superiority over systems based 
on the crisp logic of different processes/data on one 
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another [141]. On contrary, ANFIS makes the system 
more complicated than FIS so far, and is not available 
for all of the FIS options. ANFIS only supports Sugeno-
type of FIS and an error occurs if FIS structure does not 
comply with the constraints. Moreover, ANFIS cannot 
accept all the customization options that basic Fuzzy 
inference allows, while ANN is powerful technique 
and efficient with a problem of computation burden 
[142]. Overall, Figure 2. shows above 80 works in this 
paper for different techniques for the last 10 years, 
where, ietm1 is the numbers of traditional methods, 
ietm2 is the Gen.opti, ietm3 is the SA, ietm4 are the 
EAs, ietm5 is the SI, ietm6 is the classical control, ietm7 
is MPC, ietm8 is the AI, and ietm9 is the HOT. 

Figure 1  The frequencies of the reviewed methods

Several studies have been investigated that 
optimization methods focused on reducing energy 
consumption according to constrained variables 
rather than resolve the optimal load distributions 
[143]. ANFIS with five layers is used to assess the energy 
efficiency according to the coefficient of performance 
(COP) in order to reduce power consumption in 
cooling systems [144, 145]. It’s used as an optimizer 
with a genetic algorithm (GA) apply to optimal chillers 
loading problem [80]. The optimized model with 
three variables; partial load ratio, chilled-cooling 
water temperature. A model of a cooling tower [146, 
147] is proposed an ANFIS prediction for controlling 
speed fan for energy saving. In addition, Lu, Lu et. al. 
[148] is applied a control strategy for the chilled-water 
system using ANFIS, it is used to find the optimal set-
points of pumping operating conditions for energy 
saving under partial load ratio (lr). 

This paper is used to build a predictive model for 
power consumption, chilled-cooling water return 
temperatures, and energy efficiency based ANFIS 
algorithm. A model is developed by ANFIS to predict 
the chiller temperatures which; an evaporator, 
condenser, and propylene glycol temperature [149, 
150]. A case study of the chilling system is presented 
[151]. Neural network (NN) and GA are used to 
optimize the model that is developed by the case 
study data. The application is applied for the variables 
of chilled-cooling temperatures and flow rate of 
chilled and cooling water using NN. The system 
output has represented the COP, power consumption 
of pumps, and fuel consumption rate. Then NN and 
GA optimize the model for better consumption and 
better efficiency. 

The case study in this paper similar to [151], and the 
model is similar to [149, 150] with different output. 
However, a hybrid technique [69] develops a predictive 
model for chiller efficiency based on the set-points 
adjustment. A dynamic optimization method using a 
TES has used to improve chiller efficiency. The method 
uses the total load at each time step. While thermal 
energy storage (TES) is stored chilled water to shift 
load to off-peak hours. This will provide some chillers 
go to off-mode for reducing their consumption. TES is 
commonly used to meet the demand as well as chillers 
assistant for saving energy. In this, it is very difficult to 
prevent ON-OFF chillers regularly, [70]. Zhang et. al. 
[152] proposed an operating strategy to control the 
building load. The method is based on TES in order 
to maintain the cooling demand. It allows a maximum 
number of chillers to be running during the off-peak 
and on-peak periods to minimize the monthly billing 
cost. Ma et. al. [94] developed a Model predictive 
control (MPC) to optimize the store of a chilled water 
(TES) in a tank based on building load and weather. 
Where TES is used to discharge the CHW when the 
chillers are not enough for building cooling demand. 
In another study, Ma et. al. [153] formulates a problem 
of a non-linear model for TES switching based MPC. 
This model dynamically responds to charge/discharge 
TES according to building historical data in order; to 
maintain the cooling demand, and to reduce the 
chillers maximum demand by load shifting to off-
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peak hours. Xiao Li et al. [100] proposed an optimized 
control algorithm to control the chilled water supply 
temperature set-point based on the cooling request 
on demand. However, MPC is used to optimize set-
points for cooling in order to satisfy the demands. 
However, a heuristic algorithm (HA) [85, 101] based 
on Mixed integer linear programming (MILP) is 
proposed for suboptimal scheduling for a cooling 
load of 7 chillers with different size in capacity. Due 
to atmospheric changes, the algorithm searches for 
optimal cooling based on MPC to predict how much 
the air-temperature, therefore the controller selects 
the chillers for matching loads based on a binary 
decision (1, 0). The cooling load calculates every step 
time (hour). 

At the same time, TES operating mode is determined in 
accordance with the number of running chillers either 
(1) for charging mode or (0) for discharging mode 
dynamically until maintaining the cooling demand. 
This method has reduced the consumption and the 
campus total cost, while achieved the ON-OFF real-
time and system constraint. A dynamic programming 
is employed to optimize the parameters model of the 
thermal storage system (TES), which it’s used to meet 
and satisfy the cooling load based on the priority 
of scheduling chillers [106]. A two-level intelligent 

technique based on a Genetic algorithm (GA) and 
PSO is used to adjust parameters of chiller plant for 
energy saving. Here, GA is used to control the ON-OFF 
operation of the chillers using binary variables (0, 1) 
while PSO is used to tune entering water temperature 
in order to determine the cooling load. Xu et al. [73] 
used PSO to propose optimal energy consumption 
strategy by shifting peak load of the building. 

In another work by [48], PSO is used to solve the 
optimal chiller problem through efficient energy 
management. This was achieved in two steps; to 
estimate the cooling load and to determine which 
chiller is to be ON or OFF according to the predicted 
load. Ma et al. [99] have designed an MPC to optimize 
the cooling load according to the building’s historical 
data. Despite the chilled water storage system 
enabling peak clipping to fill valleys in order to reduce 
the maximum demand, overcharging in the water 
tank occurred. Therefore, MPC is used to predict the 
building loads and keep cooling demand satisfied. In 
another study, [154] presents an intelligent method 
for energy management using PSO-based fuzzy to 
solve the problem of optimal operation of chiller 
plant in order to reduce cooling consumption and 
electricity cost. Table 1 shows a summary of few (Not 
all) information about for this work.

Table 1  Summary of a survey review of optimal loading and
optimal control for the multiple-chiller system 

Years Journal/
Conference

Optimization Functions (Objective)
Optimization 

methods
Control 
schemes Deficiencies/ AdvantagesEnergy 

Consumption
Cooling 
Capacity Temperature

2004
Ele Power 
system
Research, 69

   LM  for the convergence, couldn’t 
work at PLR low load

2010 Applied
Energy, 87    GM  Overcome LM, but reducing 

consumption is relatively low.

2005 Energy &
Building, 37    GA  It takes a long time in execution 

compared to other

2006 IEEE
Trans, 21    DP ON-OFF

Scheduling
Overcome the limitation [7] but 
saving is much less.

2005
Energy
conservation
& manage, 46

   MGA ON-OFF
Scheduling

faster in calculation speed, but 
switching ON or Off chiller 
Save much less power.
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Table 1  (cont.)

Years Journal/
Conference

Optimization Functions (Objective)
Optimization 

methods
Control 
schemes Deficiencies/ AdvantagesEnergy 

Consumption
Cooling 
Capacity Temperature

2008
Energy
conserve
manage, 46

   PMES
Supervisory
Control on/

off

Optimal solutions, response to 
load change based on old data 
environment’s, this one of a 
supervisory control advantages

2006 Energy and
Buildings, 36    EP 

Is the one of the GA family 
member, but it can be used in 
many applications in HVAC

2009
Applied
Thermal
Eng., Vol 29

   REA  Overcomes GA limitations

2006

Energy 
conserve
manage, V 47
& Applied Ther 
Eng., 29

   SA 
It Outperforms the LM’s 
shortcomings, but SA and GA 
consuming time in computation

2009
Applied
Thermal
Eng., 29

 

PSO
MPSO

S-MOPSO



The proposed achieves reduction 
in energy consumption by using 
PSO, it is utilized as optimal 
control as well for chiller 
sequencing.
The positive impact of PSO is 
powerful, it can give high quality 
solutions, and its characteristics 
stable for convergence, but it 
lacks a mathematical foundation 
for analysis, [31].

MPSO achieved 4 objectives to 
considered indoor air quality 
(IAQ), [35].

2012 HVAC&R 
Research,18   

2009 Applied 
Energy, 86   ON-OFF

scheduling
to discharge 
ice storage

system
2010

Applied 
Energy, volume 
87



2012
Applied 
Thermal Eng., 
Vol 32

  

PSO 
manages 

the load to 
select which 

chiller at 
ON or OFF 

mode

2011 Energy, V 36    

 2010 Applied 
Energy, V 87    

2015 Energy, V 83    

2013 Energy & 
Buildings, 59    IFFA  PSO, IFFA, DE, and ACS, they 

are used for optimal loading, 
and achieved energy saving. All 
with great impact for reducing 
consumption with a little 
difference, but almost their 
results which realized are same.

2011 Energy & 
Buildings, 43    DE 

2015 TUJEST, 3    ACS 
Hybridization System

2014 PhD Thesis    SQA+MBB  Overcomes the reviews in [47]

2014 Energy, V 73    GA+PSO 

2014 Energy & 
Buildings, 81    EA+PSO+HS  Reduced energy consumption, 

and achieved the air-quality.
2014 Ene & bui, 68    NNPSO 

2008 Energy and
Buildings, 40    GAPSO  More reliable method and 

reduced energy consumption

Control with/ without TES
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Table 1  (cont.)

Years Journal/
Conference

Optimization Functions (Objective)
Optimization 

methods
Control 
schemes Deficiencies/ AdvantagesEnergy 

Consumption
Cooling 
Capacity Temperature

2005 information
Sciences, 169     Multi-Fuzzy

Fuzzy is powerful and simple 
method, it combines with NN 
to reduce the output error, 
ANN accurate but consuming 
time in computation. ANFIS is 
complex and not intuitive for the 
perspective of end user, [61-65]

2011
IET control
Theory and
application, 5

   AGP Predictive 
control

2009 Energy, 43     HNN

2009 Energy and
Buildings, 41     ANFIS

2007

Energy 
conservation
& management, 
V 15

   MPC

MPC is used to predict the 
cooling load based on outlet 
temperature, and used to control 
the scheduling chillers (ON-OFF) 
by using TES to meet the load. 
MPC uses itself is not enough for 
optimization.
The benefits and limitation of 
these methods are mentioned 
above, while overcomes limitation 
based on algorithm as mentioned.
Can realize the real-time and 
with possibility to minimize 
the cost, consumption, but too 
complicated.

2009 48th IEEE 
conference    MPC

2010

Lawerence 
Berkeley
National 
laboratory 

   MPC

2012 33rd IEEE 
Symposium    Green scheduling 

2013 Control 
conference    Dynamic programming 

2014 IEEE 
Workshop    ASAGA

2014 9th Conference    load predictor

2012 Control Eng.
Practice, 15     MPC

2012 ACC, IEEE
Conference     MPC

2013 ACC IEEE
Conference    HA MPC

2015

IEEE 
Transactions
Auto Sc & Eng. 
Vol 20

   HA MPC

2010 CCA IEEE
Conference    PSO 2-layer 

controllers
It solves the problem of OCL and 
OCS based on TES

2008 HVAC&R
Research, 14    REA Overcome the GA limitation

2008 Energy and
Buildings, 40     Fuzzy Adjust the temperature set-points 

by Fuzzy and it is used to control 
the chilled-water which stored in 
TES and discharge at daytime. In 
addition to, it’s reduced energy 
consumption by optimization 
objective.

2011 10th WSEAS
In conference     Fuzzy

2015 Trans Tech
Volume, 785     Fuzzy

2015 Energy, 
Volume 86    FFA MPC

This approach to save energy, and 
consumption each zone based 
on environmental conditions 
by multilayer-perceptron NN 
algorithm.

2014 Conference, 
129    DS 
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Table 1  (cont.)

Years Journal/
Conference

Optimization Functions (Objective)
Optimization 

methods
Control 
schemes Deficiencies/ AdvantagesEnergy 

Consumption
Cooling 
Capacity Temperature

2013 Energy, 50   

dynamic
optimization

 Its efficient and overcomes a 
static optimization limitation.

2014

ASHRAE/
IBPSA USA 
Building 
Simulation,
conference

  
Feed-back 

control

In this scheme, the performance 
is a quit enough and poorly 
performing as well as, generally 
have not been offered optimal 
control strategy [57].

2011 Energy 
& Building, 43    PDD Method ON-OFF 

Schedule

This method is powerful for 
reducing the yearly power 
consumption estimation

2010
Intelligent 
buildings
conference

   IGA ON-OFF 
Schedule

Good in real-time and 
Overcomes GA limitation

2016, 
2017

ICIAS & 
ROVISP    1. Fuzzy-PSO 

2. IPSO
1.ON-OFF 
by Fuzzy

Using Fuzzy for two reasons; 
1st for ON-OFF control, 2nd 
to overcome deficiencies of 
normal PSO by modifying new 
parameters [75, 154].

CONCLUSION AND FUTURE TRENDS

Conclusion

Various methods have increased for optimization 
studies for electric-driven chillers. Also, many studies 
are developed such as hybrid techniques which 
are considering effective and efficient methods. In 
addition, modern control schemes are designed to 
adjust the set-point operation. The target of these 
studies aiming to minimize power consumption. 
This paper is reviewed and discussed the current 
optimization methods. The reviewed methods play an 
important role in reducing consumption rather than 
conventional methods. But some these methods suffer 
from the longer computation time which is taken for 
data training and lacks real-time implementation. 

Future Trends

According to survey for the last 10 years we 
recommend; in order to overcome the lack of real-
time implementation, develop hybrid algorithms 
for accelerating the running time. Develop a hybrid 
technique of FIS-PSO with Mutation, this is modified 
new parameters of learning factors (C1, C2) and inertia 

(W). Herein, several studies have used fuzzy to adjust 
C1, C2 and W to enhance PSO performance and to 
avoid premature convergence as presented in [75], 
[131, 133, 154-157]. A combined of Fuzzy and PSO use 
to overcome the premature convergence problem 
associated with PSO. Then, a mutation is used to fast 
the convergence and to maintain the diversity of 
global best candidates for a particle in search space. 
Secondly, to develop an advanced algorithm based 
on soft computing methods such as ANFIS-PSO and 
ANFIS-NN-FPSO for efficient optimization to adjust 
the whole chilled-water system. 
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ABSTRACT

Malaysia has charted commendable economic progress since independence within a diverse multi-cultural 
environment. However, the change in societal values and norms may pose a challenge to achieving her developed 
status by 2020. The government has continuously been emphasizing on ethics among the community by introducing 
numerous initiatives through government campaigns, education system and community development. The Malays 
represent a major portion of the population of Malaysia. Social problems involving this ethnic group are often the 
highlights in media including newspapers. Ironically, there is rising social problems among the Malay community which 
challenges ethical consciousness. This paper reveals through a discourse study and content analysis, issues covered 
by the Berita Harian (1980) and Utusan Malaysia (1994-2000) dailies to drive ethics consciousness, especially among 
the Malay community.These periods are significant since 1980 marked the beginning of aggressive industrialization 
featuring rural-urban migration and women’s increasing participation in the workforce at the onset of globalization. 
Consequently, 1994-2000 saw Malaysia experiencing robust economic development and supporting World Trade 
Organization’s call for globalization. The study has found that discipline and drug abuses have been highlighted 
in 1980. The period 1994-2000 has unveiled increasing social problems, including corruption, the collapse of family 
units and youth-related problems implying a deterioration of ethical conscience. 

Keywords: ethics, consciousness, Malays, media, newspapers

INTRODUCTION 

The Malaysian population comprises of three major 
ethnic groups; the Malays, Chinese and Indians by 
the proportions of approximately 51%, 23% and 7% 
respectively [1]. It is based on 2010 Population Census 
of Malaysia (Census 2010). The latest population 
census held in Malaysia was in 2010. The Malays 
represent a majority of the Malaysian population. 
Latest statistics reveal that the Malays contribute to 
50.1% of the total population [2] and they embrace 
Islam as a religion. As culture covers a wide spectrum 
of one’s life from religion to rituals as well as language 
and ethnic group membership [3]. Islam, as a way 

of life is rationally inclusive of the Malay culture. 
Interestingly, Malay culture is a blend of other cultural 
influences including Animism, Hinduism and Islam 
[4]. Hence, apart from the practice of fundamental 
Islamic traditions, Malay customs and rites (i.e. adat) 
may demonstrate animistic and Hinduism elements 
which may not reflect Islamic teachings. Animism 
has been mainly practiced by the rural Malays [5, 6]. 
Paradoxically, despite the claim for Islam as a religion, 
and it should shape their moral values, rising ethical 
problems emerge among this community. These 
problems have often been highlighted in Bahasa 
dailies such as Berita Harian and Utusan Malaysia. 
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This paper is a discourse study on ethics consciousness 
of the Malaysian Malay community and written with 
two main objectives:

a. To describe ethics related issues covered by 
the Berita Harian and Utusan Malaysia dailies to 
drive consciousness, especially among the Malay 
community during 1980 and 1994 -2000; a period 
when Malaysia was enthusiastically transforming 
itself into an industrial nation from 1980 onwards 
to realize Vision 2020. 

b. To analyze the findings and highlight the study 
implications within ethical contexts.

Conceptualizing Ethics and Consciousness

Ethics

Ethics is the study of morality and begins with 
oneself [7]. Stanwick and Stanwick [8] define ethics 
as the values an individual uses to interpret whether 
an action or behavior is considered acceptable and 
appropriate. Conceptually, ethics may be defined from 
an individual, organizational, societal perspectives. It 
may also be studied as a discipline, i.e. as a branch of 
philosophy. According to [9] ethics concerns itself with 
what is good or right in human interaction. It revolves 
around three central concepts: “self”, “good”, and 
“other.” Ethics is also defined as a critical analysis of 
human acts to determine their rightness or wrongness 
in terms of two major criteria: truth and justice [10]. 
Several factors influence individual ethics, translated 
into moral behavior, character and values. They 
include upbringing, socialization process, culture, self- 
reflections and religion [11, 12, 13].

All religions provide its believers with the strong 
composition of conduct, part of which involves moral 
instructions, values and commitments [11]. Although 
one’s choice of religion is a negative right based on 
United Nations Declaration of Human Rights 1948 
[14] most religions have an ethical component and 

embody the idea of Transcendent Reality which has 
some bearing upon the purpose and meaning of 
life, how one lives and what lies beyond this finite, 
mortal existence [15, 16, 12]. Accordingly, the Islamic 
term corresponding to the concept of ethics, though 
different in scope and nature is ilm al-akhlaq. Akhlaq 
or akhlak is derived from the word khulq, which means 
“to create, to shape and to give form” [17, 18].

Consciousness 

It is literally defined as the state of being awake and 
aware of one’s surroundings. Rational thoughts 
describe consciousness as a process in itself and a 
prerequisite of science [19]. As such, consciousness is 
the sum of all system interaction, i.e., the processes 
that finally may lead to a conclusion about the 
awareness of the surrounding or the self. 

According to the medical definition, consciousness 
is being aware of the stimulants through five senses,   
1 being alert and controlling one’s behavior and 
attitudes [20]. What is meant by consciousness is to 
be able to perceive through senses. The concept of 
philosophical consciousness for man means “being 
aware of his existence [20]. Hence, consciousness, 
expressed through the word “cognition,” is the 
mental activity and high brain functions that concern 
the processes of thought, decision-making and 
attention of a person. It is a consciousness that directs 
the processes that can be summarized as “quest for 
meaning with the perception of time and existence.” 
Interestingly, a Muslim scholar, [20] implicitly describes 
consciousness by relating the human spirit or soul with 
his body. “Consciousness is a step between spirit and 
body. Man is a being that adds meaning to everything 
and that is aware of his existence.” Consciousness is one 
of the properties that distinguishes man from other 
living beings. Aptly, it may be the most important 
distinction that differentiates him from the other 
species. This description is indeed relevant from 
Islamic perspectives, what more the Malay Muslims. 
Consciousness, makes man a “real man” i.e. a special 

1  Sight (ophthalmoception), hearing (audioception), taste (gustaoception), smell (olfacoception or olfacception), and touch (tactioception) 
are the five traditionally recognized  human senses.
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creation with high functions and ability to discern 
abstract concepts [20]. 

Consciousness therefore is more than just cognition. 
It relates to self-realization, obligations and societal 
responsibilities while persons and groups interact 
in a social system. It creates, over time, concepts or 
mental representations of each other’s actions, and 
that these concepts eventually become habituated 
into reciprocal roles played by the actors in relation 
to each other [21]. In order to relate the concept of 
consciousness from Islamic thoughts within the Malay-
Muslim context, consciousness is the awareness of 
oneself driven by his commitment as a servant of God 
and total submission to his Creator.

Newspapers as Barometers of Consciousness

The mass media, especially newspapers play a 
critical role as purveyors of information [22]. Most 
developing nations utilize the mass media to 
disseminate important messages to promote national 
development and nation building. Hence, the role 
and functions of the mass media are closely tied 
to the needs of the government and the people 
[22]. In Malaysia nowadays, in spite of restrictions 
imposed on the press, 2 an energetic and lively local 
mass media industry has developed, exhibiting the 
diversity of Malaysian languages, ethnic groups, 
cultures, and religions [22]. Press publications have 
mushroomed to cater to the needs and preferences 
of a diversity of readers. The New Straits Times and 
The STAR (established in 1971) dominate the English 
language dailies. Sin Chew Jit Poh (established in 1929) 
and its counterpart, Nanyang Siang Pau (started in 
1923) monopolize the Chinese language dailies. On 
the other hand, Tamil Nesan (established in 1924) 
and Malaysia Nanban (established in 1981) continue 
to lead the Tamil newspapers. Other newspapers 

in these four main languages with sections in 
indigenous languages of Sabah and Sarawak also 
flood the market [22]. Similar developments are also 
seen in the broadcasting industry as well as the new 
media (such as Internet including the social media 
networks such as Facebook and Twitter, mobile chat 
applications such as WhatsApp, Telegram, etcetera), 
brought about by the proliferation of information and 
communication technology [23, 22] within a global 
environment [23]. 

Knowledge and information through mass media 
is fundamental to create awareness and drive 
consciousness on issues of interest in a society. One 
of the indicators of consciousness is the newspapers. 
There are 31 daily newspapers in Malaysia [22]. 
Newspapers are generally regarded as barometers 
of order and indicators of social conscience. The 
Malay newspapers (both daily and weekly) make up 
about a quarter of that number. By and large, Malay 
newspapers reflect Malay opinions and sentiments. 

The two major mainstream Malay newspapers in 
Malaysia are Utusan Malaysia and Berita Harian. “With 
regards to newspapers, we see the burgeoning of 
Malay mainstream newspapers with Berita Harian 
(started in 1957) and Utusan Malaysia (started in 1967)” 
[20]. Both publications cater for their own audience 
and readers. 64% of Berita Harian readers are Malays 
[25]3 and it is expected that majority of Utusan 
Malaysia readers are also Malays as the language used 
by this daily is Bahasa Malaysia (i.e. Bahasa Melayu), 
the national Malay language and their mother tongue.

Research Methodology

This research applies discourse analysis as a research 
method. A discourse is an analytic research technique 
which involves the analysis of language and discourse 

2  The Printing Presses and Publication Act of 1984 was introduced during Dr. Mahathir Mohamad’s prime ministership, which mandates all 
publications to have a license that can be revoked by the Minister of Home Affairs.

3  Note: To reiterate, although the above figure has been sourced from a Singapore-based publication, the Malays in Malaysia should be majority 
readers of Berita Harian and Utusan Malaysia too since Bahasa Melayu is their mother tongue and reading is presumably most understood 
through usage of an ethnic language of a particular group to gather knowledge which will directly create awareness and consciousness.
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(in the sense of a speech communication) that is 
moulded by a social context, and in turn build up a 
picture of the world which is unique to the author of 
the discourse [26]. Discourse approaches are most 
often descriptive, interpretative and explanatory. This 
study also applies conventional content analysis as a 
research methodology. It is a widely used qualitative 
research technique whereby coding categories are 
directly derived from the text data. Researchers 
regard content analysis as a flexible method for 
analyzing text data [27, 28]. Content analysis, which 
analyses content according to key variables or coding 
categories (such as economic development initiatives, 
education system and social problems) is the longest 
established method of text4 analysis among a set of 
empirical methods of social investigation [29, 30]. It 
describes a family of analytic approaches ranging 
from impressionistic, intuitive, interpretive analyses 
to systematic, strict textual analyses [31, 28]. The 
development of content analysis has, in essence, been 
influenced by the development of mass media and 
international politics [30].

Relating to this particular research study, the unit of 
analysis is Berita Harian (1980) and Utusan Malaysia 
(1994-2000) articles. Therefore, this study involves 
the selection of Berita Harian and Utusan Malaysia 
ethic-related articles5  (mostly articles, news and 
commentaries as listed in references of this paper) 
based on categories such as corruption, social 
problems and morality issues. Following the selection 
of the relevant articles, the study has applied content 
analysis to derive at the findings and conclusions. 

Three benchmarks have been identified to assess 
ethics consciousness, i.e. (i) corruption and breach of 
trust (ii) collapse of family institutions such as divorce 

cases and child abuses and (iii) social problems such 
as theft, drug addiction, etc. These have been derived 
from Target 2008 of the National Integrity Plan 
(NIP), particularly Target 1, Target 4 and Target 5 as 
highlighted in a publication by Ministry of Information 
Malaysia in 1993 i.e. Towards a Fully and Ethical Society 
in Malaysia [32] showcasing policies and strategies to 
develop an ethical society to realize Vision 2020. In 
fact, these are benchmarks to enhance ethics among 
leaders, administrators, businessmen, politicians, 
youths, students, women, people of different faiths, 
members of non-governmental organizations (NGOs) 
and so forth. This publication remarkably emerged 
during the time when the nation was experiencing 
rapid economic growth and industrial development. 
Target 2008 is further elaborated in the footnote. 
6 In addition, references have been made to local 
studies by [33] on family wellbeing indicators and [34] 
on an Islamic framework to relate values with social 
problems in Malaysia.

The discussions that follow will only cover relevant 
articles in Berita Harian in 1980 and Utusan Malaysia 
from 1994-2000. These two periods are believed to 
be important because the research is dealing with 
ethics consciousness of the Malay ethnic group in 
Malaysia. 1980 was the period when Malaysia was 
about to embark on aggressive industrialization and 
implement policies to further transform her economy 
from agro-based to manufacturing based. This period 
has also shown rural-urban migration, increasing 
number of women in the workforce and the beginning 
of dual career family patterns; not to mention the 
introduction of capitalistic features within the society 
such as wealth accumulation and focus on business 
activities, especially among the Malay community 
after a decade of implementation of the New 

4  A text may be a book, a letter or a newspaper (Titscher et al., 2000, pp.20).  In a broader context, it includes every type of communicative 
utterance. Fairclough (1992) views that clear criteria has to be set to determine a text. These criteria are linguistic in nature and relate most 
of all, to the syntactic and semantic relations within the text (Titscher et al., 2000, pp. 20). A text may be an inscription on a tombstone, a 
form, part of a conversation or a newspaper article.  This reflects a very broad concept of communication that regards language and speech 
as forms of action.  
 
5  Ethic-related articles cover news that are linked with morality or right and wrong actions, including justice. As this is a discourse study, the 
author has to use interpretational skills to select the appropriate articles based on her background knowledge on ethics. As this is a qualitative 
study, the author is the instrument/ tool in the analysis process. Breakdown of selected articles: 23 Berita Harian (1980) and 26 Utusan 
Malaysia (1994-2000) articles. Total: 49 articles.
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Economic Policy (1970-1990). 1980 is also significant 
since globalization is about to be implemented and 
realized. The period 1994-2000 is equally important 
when the nation experienced robust economic 
development with average GDP growth of 8.5% per 
annum. During that period, with the nation’s emphasis 
on industrialization, Malaysia continued to progress 
and prosper until she was affected by the 1997/98 
Asian Financial Crisis when recession followed. 
Nevertheless, the economy favorably recovered in 
1999 at the wake of the millennium (21st Century).

While commendable economic progress has been 
noted as above, the following sub-sections share 
the findings and analysis of this discourse study. 
Appendices 1 and 2 provide the English translations of 
the title of Berita Harian and Utusan Malaysia articles 
cited and discussed in these sub-sections. 

Findings and Analysis from Berita Harian: 1980

A substantial number of articles were written 
to reach out to the Malay community and drive 
readers’ consciousness on ethics. An article entitled 
“Perusahaan Ali Baba perlu dihapus” reminds the 
Malays not to transfer approved business permits to 
the non-Bumiputeras. This reminder came through 
an educational seminar which drew some guidelines 
to ensure enforcement such as termination for non-
compliance [35] to discipline them. While recognizing 
that Bumiputeras lack in managing and marketing, 
intensive training should be given to them in the 
transportation sector. The comparison has been made 
with the non-Bumiputeras, who have monopolized 
the transportation sector and are very experienced 
with business skills. The overall seminar made some 
recommendations to the government to ensure 90% 
of the transport permit approved should be given to 
Bumiputeras. For example, the government should 

terminate any transferred licences and successful 
applicants should be the most eligible ones. In 
addition, the seminar has also suggested more 
inspections to be conducted to avoid fraud and abuse 
and proposes for the setup of a financial body to assist 
the Bumiputeras. Interestingly, the Ali Baba business 
and its implications on the Malays have in fact been 
earlier deliberated in Mahathir’s Malay Dilemma [36]. 

Several articles focused on the importance of 
developing a positive image of Malay identity with 
emphasis on akhlak. Good values such as collectivism, 
patience, humility, dignity, compassion and efficiency 
have been highlighted. Islamic history during the 
times of the Prophet and Caliphates were covered in 
the Commentaries to drive consciousness on Islamic 
fundamentals and value system. For example, articles 
on Prophet Muhammad’s Isra’ and Mi’raj in Contoh-
contoh yang ditunjuk dalam perjalanan Rasulullah [37], 
Saidina Umar Al Khattab’s outstanding leadership 
and administration as described by an article, Orang 
pertama buat pembaharuan dalam pentadbiran Islam 
[38] and “Faktor-faktor yang membentuk peribadi 
muslim [39].

The article [39] creates an awareness that in order to 
develop good Muslim characters, it is pertinent for 
Islamic literature to guide Muslims and strengthen their 
faith (iman). Quality Islamic literatures should provide 
the reader to holistically understand Islamic concepts 
and not focus on merely one particular aspect (such 
as Fekah, Tauhid, etc.). A writer should express and 
reflect his views and judgments meaningfully to open 
the readers’ minds on Islam. The virtue of patience in 
contrast with emotions is to be embraced while going 
through trials and tribulations.

To mention more related articles covered on the 
need to emulate good character values, Berita 
Harian, in 1980, has also published articles entitled 

6  For the first 5 years ( 2004-2008) of the implementation of National Integrity Plan ( NIP), Target 2008 has prioritized five targets/criteria:
Target 1: Effectively reduce corruption, malpractices and abuse of power;
Target 2: Increase efficiency in the public service delivery system and overcome bureaucratic red tape;
Target 3: Enhance corporate governance and business ethics;
Target 4: Strengthen family institution; 
Target 5: Improve the quality of life and people’s well-being
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Disiplin Perlu: PM [40], Akhlak perlu dihayati sehingga 
menjadi kebiasaan [41], Kini mereka mula datang awal 
ke pejabat [42], Kasihi yang malang di Aidil Fitri yang 
mulia [43], Bantu masyarakat amalan dituntut [44] and 
Menyemai semangat kasih sayang kepada orang miskin 
[45]. In addition to the consciousness to develop 
virtues, articles also reflect the need to drive public 
consciousness to be socially responsible and help 
the underprivileged in the community, a behavioural 
trait embraced under ihsan (being kind, helpful and 
benevolent) within the Islamic value system.

In the Commentary sections too, there are articles 
highlighting the importance of developing quality 
teachers to groom productive and capable future 
leaders. The commentary, Melahirkan guru berkualiti 
[46], reflects public expectation and the pertinent role 
to be played by teachers while developing students 
through their effective teachings. The Education 
Ministry was planning to establish more colleges 
to train teachers. Teacher training is extended from 
two to three years to fully equip teachers with the 
cognitive, affective and psychomotor skills to train 
their students in the article [46]. 

From 1980 onwards, education continued to be given 
more emphasis by the Malaysian government. Tun 
Hussein Onn, Malaysia’s third Prime Minister, during 
the Presidential Address of UMNO Annual Convention 
(4-6 July, 1980) had announced the revision of 
the Education Policy to maintain racial unity and 
economic development for the nation’s resilience. 
When Dr. Mahathir took over as the fourth Prime 
Minister, moral/value education along with science 
and technology was equally emphasized. Dr. Mahathir 
even stressed that quality education without moral 
values among students is not sufficient to make 
Malaysia a developed nation by 2020 [47].

Interestingly, much as several articles have 
emphasized the need to instill discipline at work and 
role of education, a few articles have covered on the 
strengthening of family relationships and parenting 
to shape youngsters. Nevertheless, significant articles 
found among the few include Beberapa sebab belia 
terlibat dengan dadah [48] and jangan racuni anak-

anak – kita mestilah membuktikan kejujuran [49]. 
Presumably, the family issue is not yet perceived as a 
major problem in the Malay community during this 
period since there are still many mothers staying at 
home and looking after their children. Therefore, it 
may be suggestive that such cases are still remote, to 
drive media attention as the nation is just about to 
transform itself into an industrial economy.

Nonetheless, the Commentary and News sections 
have highlighted several articles on other facets of 
social problems to create public awareness on crimes 
such as thefts, drug abuse among youths, gambling, 
drug trafficking and price hikes during festive season. 
Articles published include Lelaki pecah rumah diberkas 
polis [50], “190 gram heroin dirampas dalam botol 
Nescafe [51], Polis rampas 21 kereta curi [52], $70,000 
morfin dirampas disempadan [53], Naikkan harga 
barang: Amaran [54], Eksploitasi harga menjelang 
hari-hari perayaan [55] and others. In addition, there 
are articles highlighting on the modern lifestyles 
and values apart from social problems arising from 
the migration of rural Malays to urban areas such as 
Nilai hidup moden dan masalah sosial Melayu dikota 
[56], Masalah yang dihadapi belia desa dikota [57] and 
Formula baru budaya perlu [58].

To sum up our discussions, Berita Harian (1980) articles 
have painted a picture as a backdrop on ethic-related 
issues at the time when the Malaysian economy was 
beginning to transform into an industrial-based 
nation. The findings and analysis from Utusan Malaysia 
articles are covered next. 

Findings and Analysis from Utusan Malaysia: 
1994-2000

A substantial number of articles have highlighted 
on the corruptive acts and enforcements by Badan 
Pencegah Rasuah and the police. Articles Perak sambut 
baik langkah badan Pencegah Rasuah [59], Siasatan 
BPR selesai September [60], Polis banteras rasuah bola 
Liga Perdana [61], Rasuah bukan cara capai sesuatu 
[62], Rasuah: Pegawai PERKESO ditahan [63], Jutawan 
diingat jangan merasuah [64], Rasuah: Penguasa 
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kastam dipenjara [65], Imigresen siasat kemungkinan 
rasuah [66], 3 kakitangan JPJ didakwa lupuskan fail  [67], 
are several of the many examples to mention. In fact, 
the then Deputy Prime Minister, Datuk Seri Anwar 
Ibrahim has urged the Royal Customs and Excise 
Department Malaysia to investigate and eliminate 
fraud and corruption within the organization [68]. 
Analysis seems to clearly suggest that corruption is 
rampant and more corruptive cases are identified in 
the civil service during this period although the nation 
is enjoying rapid economic growth. This seems to 
mirror a similar message by Alatas and complements 
his intellectual thoughts and ideas as showcased in 
[69].7

While recognizing corruption as a glaring problem, 
from 1994 onwards, ethics and morality issues 
from various dimensions such as collapse of family 
units, efficient organizational management and 
administration and “clean” politics were covered 
in articles and news. In addition, reminders to 
embrace and internalize Islamic principles have been 
regularly highlighted to drive consciousness. To 
mention, some of these articles are Peranan keluarga 
Islam [70], Perpaduan membawa kemenangan [71], 
Falsafah pembangunan bangsa [72], Nilai moral dalam 
pentadbiran [73], Bahaya jika rakyat tolak budaya 
murni- Mahathir [74] and Islam boleh cegah masalah 
sosial [75].

The article, Islam boleh cegah masalah sosial [75] 
highlights views from the Dean of Islamic Studies 
Universiti Kebangsaan Malaysia (UKM), Datuk Dr. 
Abdul Shukor Husin on ways to overcome social 
problems faced during this period. By applying 
religious Islamic fundamentals, social crisis such as 
bribery, white collar crime, power abuse, loafing and 
abandoning of baby syndrome can be minimized. He 
has also advocated that Islamic values should not be 
taken for granted in national development. Findings 
of a research by Japanese company, Hitachi has been 
shared whereby employees religiously applying 

Islamic principles and values have demonstrated 
high work accomplishments and have brought good 
fortunes to the company.

From late 1994 onwards, many articles have been 
written on the need to develop youths to be 
responsible future leaders. Highlights on importance 
of establishing tripartite relationships, and defining 
roles of parents, teachers and the youths themselves in 
nation building were seen. Akhlak took a central focus 
in moral discussions; for example, the article Akhlak 
benteng maksiat [76]. The following are some other 
articles which reflect these related issues: Keluarga 
bermasalah lahirkan anak agresif [77], Bantu remaja 
bentuk identiti [78]. The importance of parenting is 
further reflected by Seminar ibu mithali isteri sejati 
[79]; Ibu bapa disaran miliki kemahiran keibubapaan 
[80], Kekasaran dan bosan punca keluarga runtuh [81], 
Kaunseling bukan jalan pemutus [82] etc.

1996 onwards further saw articles aimed at driving 
the consciousness to strengthen family units by 
highlighting “the collapse of family unit” issues (shown 
by misbehaviors of youths) such as abandoning of 
babies, students’ smoking and hitting and vandalism. 
Many courses, workshops and motivation programs 
were conducted to drive ethics consciousness among 
the community, including the police force and parents 
themselves as reported in several Utusan Malaysia 
articles from 1996 till 2000. 

In addition, unity and its importance has also emerged 
as a pertinent nation building issue during this period. 
Code of ethics for judges and reminders that the 
public servants should not get involved in politics 
were covered. UMNO members were reminded to 
uphold values and ethical codes while resolving 
conflicts. Articles suggesting that disputes should be 
resolved through consensus and discussion, rather 
than through abusive and violent behavior emerged. 
To mention some of these articles, they include Moral 
kunci tangani jenayah kolar putih [83], Kod etika bagi 

7  Alatas has acknowledged that modernization with industrialization and rapid social changes invite corruption, so do in an already corruptible 
environment. In addition, the most important factor in the dynamics of corruption is the moral and intellectual stature of the leaders in the 
society.
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hakim diwarta [84] and Kakitangan awam tidak wajar 
berpolitik [80].

We have just analyzed selective articles covered in 
Berita Harian (1980) and Utusan Malaysia (1994-2000) 
to assess the magnitude of ethical issues covered 
during two significant periods in Malaysian history 
(i.e. 1980 and 1994- 2000).

To summarize, in 1980, ethics consciousness has 
been emphasized through discipline development 
based on the analysis of articles in Berita Harian. Drug 
abuse seems to be rampant during this time too. 
However, the period 1994 to 2000 saw a variety of 

ethical issues highlighted in Utusan Malaysia, ranging 
from corruption and breach of trust, the collapse 
of family units, not to mention other related social 
problems especially among youths, at the peak of 
rapid economic development in Malaysia. Ironically, 
to reiterate, this was the period where GDP growth 
was high as reported in the 6th and 7th Malaysia 
Plan progress reports.  The decade, 1991-2000 has no 
doubt marked the longest sustained growth achieved 
so far during a period of relative price stability and 
sound socio-political environment, reflected by a 
high average GDP growth of 8.5% before the 1997/98 
Asian Financial Crisis [85].9  

8  Note: GDP growth by year from 1980 to 90 is 1980: 7.4; 1981: 6.9; 1982: 5.9; 1983: 6.3; 1984: 7.8; 1985: 0.8; 1986: 1.2; 1987: 5.4; 1988: 
9.4%; 1989: 9.1; 1990: 9.1%.

9  Note: GDP growth by year was 1990: 9%; 1991: 9.5%; 1992: 8.9%; 1993:9.9%; 1994: 9.2%; 1995: 9.8%; 1996: 10%; 1997: 7.3%; 1998: 
-7.4%; 1999: 6.1%; 2000: 8.7%; 2001: 0.5%. 

Table 1 Berita  Harian (1980) and Utusan Malaysia (1994-2000): A Summary Analysis

Malaysia: Average 
GDP growth (%)

Berita Harian (1980) Utusan Malaysia (1994-2000)

7.4 %

8.5 % (before the Asian Financial Crisis)

6.2% (inclusive of GDP figures during the 
crisis)

Features and 
Highlights

Ali Baba business
Discipline 
Akhlaq and virtues
Quality education 
Role of teachers

Corruption
Islam and Morality
Education and role of parents, teachers and 
students 
Strengthening of family units
Akhlaq
Code of ethics for judges
Ethics among UMNO politicians

Social Problems / 
Challenges

Drug abuse and trafficking
Theft
Gambling
Price exploitation 
Urbanization and social problems arising 
from rural-urban migration 

Youth problems
Abandoning of babies
Students smoking
Vandalism
White collar crimes 
Bribery and corruption in the civil service 

Note: 
1.   Analysis based on Berita Harian (1980) and Utusan Malaysia (1994-2000)
2.   Measurements of Ethics consciousness among the Malay Community: 
      i. Corruption and Breach of Trust 
      ii. Collapse of Family Institution such as child abuse, abandoning of children, 
      iii. Social Problems such as theft and drug abuse.
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CONCLUSION

This study has introduced the concepts of ethics 
and consciousness and attempted to view them 
from Malay Muslim contexts. It has continued with 
an analysis of ethic-related articles in Berita Harian 
(1980) and Utusan Malaysia (1994-2000) to uncover 
ethical issues during these important phases as 
Malaysia transforms to be an industrial economy 
and how these dailies have contributed to drive the 
consciousness of ethics among readers. Much as the 
selected articles have been written by media reporters 
and journalists, this discourse has attempted to assess 
ethics consciousness of the Malays in 1980 and 1994-
2000 periods from the author’s lenses with highlights 
on discipline cases, corruption, the collapse of family 
units/institutions and social problems that emerged 
during Malaysia’s industrialization process. The 
findings seem to imply moral decadence and a decline 
in ethical conscience, measured from the variety of 
social problems (as summarized in Table 1) among the 
Malays as modernization sets in with industrialization 
and globalization. 
Berita Harian and Utusan Malaysia articles have 
unveiled ethic-related issues that have surfaced 

at the time when Malaysia was transforming into 
an industrial nation. 1980 seems to suggest that 
ethics consciousness was focused on discipline 
development from the analysis of articles in Berita 
Harian. Drug abuse seems to be a feature during 
this time too. However, the period 1994 to 2000 saw 
several ethical issues highlighted in Utusan Malaysia, 
ranging from corruption and breach of trust, the 
collapse of family units, and other related social 
problems at the peak of rapid economic development 
in Malaysia. This study has its limitations in view of 
the fact that it has only covered the periods, 1980 and 
1994-2000. Hence, future studies may continue to 
investigate longer periods by using a wider selection 
of newspaper articles to assess ethical consciousness 
of the Malaysian community, including the Malays. 

ACKNOWLEDGMENT 

The authors would like to acknowledge invaluable 
contributions of Prof. Dato’ Dr. Ahmad Murad Merican 
of Universiti Sains Malaysia for his generosity in sharing 
knowledge and ideas while undertaking this research. 

APPENDIXES

Berita Harian (Translation)

Malay English Translation

1 $70,000 morfin dirampas disempadan $70,000 morphine seized at the border

2 190 gram heroin dirampas dalam botol Nescafe 190 grammes heroin in Nescafe bottles seized

3 Akhlak perlu dihayati sehingga menjadi kebiasaan Morality should be appreciated to make it a norm

4 Bantu masyarakat amalan dituntut Assisting the society is a required practice

5 Beberapa sebab belia terlibat dengan dadah Some reasons causing youths to be involved with drugs

6 Contoh-contoh yang ditunjuk dalam perjalanan Rasulullah The examples are shown in the prophet’s journey

7 Disiplin Perlu: PM Discipline Required: PM:

8 Eksploitasi harga menjelang hari-hari perayaan Exploitation rates by festivals

9 Faktor-faktor yang membentuk peribadi muslim The factors that make a Muslim personality

10 Formula baru budaya perlu The culture requires a new formula
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Berita Harian (Translation) cont...

11 Jangan racuni anak-anak – kita mestilah membuktikan 
kejujuran Do not poison the children-we must prove honesty

12 Kasihi yang malang di Aidil Fitri yang mulia, Care for the unforftunate on the blessed Eidul Fitr

13 Kini mereka mula datang awal kepejabat Now they began to come early to the office

14 Lelaki pecah rumah diberkas polis Men burglary arrested by the police

15 Masalah yang dihadapi belia desa dikota The challenges faced by rural youths in the cities

16 Melahirkan Guru berkualiti Producing teachers of quality

17 Menyemai semangat kasih sayang kepada orang miskin Inculcating the spirit of love to the poor

18 Naikkan harga barang: Amaran Raise prices: Warning

19 Nilai hidup moden dan masalah sosial Melayu dikota The value of modern life and the social problems of the 
Malays in the city

20 Orang pertama buat pembaharuan dalam pentadbiran Islam The first person to initiate a reformation in the Islamic 
administration

21 Perusahaan Ali Baba perlu dihapus The Ali Baba trading needs to be abolished

22 Polis rampas 21 kereta curi, Police seized 21 stolen cars

23 Garis panduan disiplin perlu Discipline guidelines required

Utusan Malaysia (Translation)

Malay English Translation

1  Imigresen siasat kemungkinan rasuah Immigration investigates corruption opportunities

2 3 kakitangan JPJ didakwa lupuskan fail 3 JPJ staff sued for destroying files

3 Akhlak benteng maksiat Morality prohibits evil deeds

4 Bahaya jika rakyat tolak budaya murni Dangerous if people reject good culture

5 Bantu remaja bentuk identiti Assist youngsters to build their identity

6 Falsafah pembanguan bangsa The philosophy of nation development

7 Hapuskan imej rasuah Eliminate the image of corruption

8 Ibubapa disaran miliki kemahiran keibubapaan Parents are encouraged to acquire parenting skills

9 Islam boleh cegah masalah sosial Islam can prevent social problems

10 Jutawan diingat jangan merasuah Millionaires are reminded not to give bribes

11 Kakitangan awam tidak wajar berpolitik Public staff should not be politically inclined

12 Kaunseling bukan jalan pemutus Counseling is not the ultimate way

13 Kekasaran dan bosan punca keluarga runtuh Violence and boredom are the causes of family collapse

14 Keluarga bermasalah lahirkan anak agresif Problematic family produces aggressive offsprings

15 Kod etika bagi hakim diwarta A code of ethics for judges is gazetted
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ABSTRACT

In the design stage of the offshore structures, the determination of the wave forces exerted on the structures is an 
important task. The wave forces are determined by using the formulae and wave theories in representing the interaction 
between the ocean waves and the structures. Researchers have conducted various experimental investigations, 
numerical simulations and field measurements in order to study the wave formulation used for different types of 
offshore structures. This paper has been prepared to review the researchers focused on hydrodynamic coefficients, 
which has been one of the important components in the wave force calculation. Investigations have been conducted 
to determine the hydrodynamic coefficients for a circular cylinder, rectangular cylinder, plates, etc. The coefficients 
were presented as a function of flow parameters such as Reynolds and Keulegan-Carpenter (KC) numbers. A detailed 
review of the research focused on hydrodynamic coefficients for wave force is presented. 

Keywords; hydrodynamic coefficient; Morison equation; review; cylinders; plates;

INTRODUCTION 

In Malaysia, the oil and gas exploration has expanded 
from the shallow water to the deepwater region. This 
development has shown a positive growth of this 
industry in exploring the new oil resources. For a new 
location of exploration, a suitable offshore structure 
has to be designed to ensure it is able to withstand 
any types of the environmental forces e.g. wind, 
current, and wave. From the total environmental 
forces exerted on the offshore structures, the wave 
has contributed almost 70 % of the total forces. 
Hence, the determination of the wave loads is the 
most crucial task in designing the offshore structures. 
To incorporate with the wave force formulation, 
the understanding on the wave behavior and the 
interaction with the offshore structure is important.

WAVE FORCE BY MORISON EQUATION

Depending upon the size of the structure, wave force 
can be obtained by Morison equation, Froude Krylov 
Theory and Diffraction theory. However, Morison 
equation has been widely used as compared to others. 
The original Morison equation has been developed 
in describing the horizontal wave forces exerted 
on a vertical cylinder extended from the seabed to 
the water surface [1]. This equation consists of two 
components, i.e. drag and inertia. It is relevant to be 
used when the structure is small as compared to the 
wave length. The Morison equation is given as:
 

F = 1
2  ρCd D|u|u + π

4
 ρCm D2 u.  (1)

where F = total wave force, ρ = density of sea water, 
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D = diameter of cylinder, u = horizontal water particle 
velocity,  u.  = horizontal  water  particle  acceleration, 
Cd = drag coefficient, and Cm = inertia coefficient.

In this formulation, the drag component is described 
by the pressure differential of the water particles 
velocity. For a steady flow passing a cylinder, the 
downstream area is creating a wake region with a 
lower pressure as compared to the upstream area. 
This pressure differential has caused the forces to be 
exerted in the direction of the water particles velocity 
and called as drag force. For inertia component, the 
water particle in wave carries a momentum with it, and 
as the particles pass around a cylinder, force is required 
for the particles’ acceleration and deceleration, and 
this force is known as inertia force.

Although the original Morison equation is well 
applicable in describing the horizontal wave 
forces on a vertical cylinder, the application of this 
equation for different flow characteristics and other 
types of structures is unconvinced. Due to that, 
numerous investigations in applying the Morison 
equation for different cases have been conducted 
either experimentally or by field measurement. 
In the investigations, modification by adding 
higher order terms into the Morison equation and 
determination of the hydrodynamic coefficients 
for different applications and conditions have been 
studied. In this paper, reviews on the determination 
of the hydrodynamic coefficients for wave force 
by considering various types of the structures are 
presented.

PREVIOUS STUDY ON THE 
HYDRODYNAMIC COEFFICIENTS

One of the earlier research in hydrodynamic 
coefficients was conducted by Keulegan and 
Carpenter (KC) [2] on circular cylinders and spheres 
in standing waves experimentally. The finding has 
formed the basis of the later studies. Extensive 
experimental investigations were conducted to 
investigate the dependent of the hydrodynamic 
coefficients to the various parameters, e.g. the size 

of cylinders (circular, square or rectangular), location 
and arrangement in water (vertically, horizontally, or 
inclined, the angle of cylinders), the modification of 
KC and Reynolds number (in regular waves, irregular 
waves, or in wave-current) [3]. However, different 
findings on these coefficients can be observed due 
to the consideration of the dimension, shape, and 
orientation of the structures, wave conditions, wave 
directionalities, different wave theories, surface 
roughness, marine growth, currents, and also vortex 
formation [1]. The following discussion will focus on 
the previous studies on the hydrodynamic coefficients 
considering the type of structures.

Circular cylinders

The consideration of the effect of the surface 
roughness of marine growth on the hydrodynamic 
coefficients was investigated by Nath [4]. From this 
investigation, the results of Cm and Cd for steady state 
flow were found to be reasonable although it did not 
provide reliable information for the design purposes. 
However, the results showed a practical start towards 
the understanding of the effect of the marine growth 
on the hydrodynamic coefficients.

Sarpkaya et al. [5] have conducted extensive 
investigations in determining the hydrodynamic 
coefficients by considering several wave conditions 
and cylindrical orientations. In this study, the 
correlation of the Cm and Cd values for smooth 
cylinders with KC and Reynolds number were well 
presented. It was found that the Cm and Cd value 
approaches 1.8 and 0.65 at high Reynolds number 
respectively. However, in these investigations, the 
consideration of the undisturbed flow was disputed 
since it was not well applying the real wave motion.

Another investigation was conducted by Sarpkaya 
[6] on the hydrodynamic coefficients for inclined 
smooth and rough cylinders. There were three 
smooth and three rough cylinders with 6 inch, 4.5 
inch, and 3-inch diameters at yaw angles of 45°, 60°, 
and 90° were investigated. This study was to validate 
the independent principle (IP), which states that the 
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Strouhal number and the Cd were independent of the 
angle if the normal velocity component was used. 
The results showed the invalidity of the IP over the 
range of Reynolds and KC numbers covered in the 
investigation. It has been shown that the Morison 
equation predicted the measured force with the same 
degree of accuracy as for the normal cylinder, with 
the used of the force coefficients appropriate to each 
yaw angle, Reynolds numbers, and KC numbers.

Further study was conducted by Sarpkaya et al. [7] 
in determining the hydrodynamic coefficients for 
smooth and rough cylinders subjected to both wave 
and current. In this study, it found that the drag 
coefficient decreased with increasing relative current 
for a given Reynolds number and KC number. However, 
this study did not provide good information for a 
wider range of the governing parameters, including 
the case where the relative current displacement was 
larger than unity.

Further investigation on the in-line force was 
continued by Chakrabarti [8] in determining the Cm 
and Cd values for vertical cylinders. In this study, the 
force was measured and analyzed by using Least 
Square method and Stream function wave theory had 
been considered for the wave kinematic properties. 
The results presented that as Cm increased, Cd values 
decreased and vice versa. The findings had shown 
comparative results as Sarpkaya’s for corresponding 
Reynolds and KC numbers.

Chakrabarti [9] has conducted another investigation 
on an articulated tower which represented by a vertical 
circular cylinder. The hydrodynamic coefficients 
associated with the tower were determined. It was 
tested in three different phases, i.e. fixed in regular 
waves, mechanically oscillated in still water, and free 
to move in regular waves. The finding presented 
in this paper is essentials since it can be applied in 
designing the mooring towers, risers, tethers, and 
other components of an offshore structure.

Another study on wave and current was conducted 
by Li and Lin [10] to investigate the hydrodynamic 
coefficients of a fixed submerged circular cylinder. 

In this study, the least square method was employed 
to derive the Cm and Cd values. The comparison of 
the results has proven that the coefficients induced 
by waves and wave-current flows gave a significant 
influence on the Cd values for submerged circular 
cylinder. It can be stated that the existence of current 
together with wave has created a higher pressure 
differential, which caused an extra force to be exerted 
in the direction of the water particle velocity, thus 
increased the Cd values. While for Cm, the values were 
found to be similar to those obtained in a wave. This 
might be due to the lower current speed considered 
in this study, which was 0.1 m/s. The consideration of 
the lower value of current speed has caused the effect 
of current was not significant towards Cm values.

Huang & Sworn [11] has experimentally investigated 
the hydrodynamic coefficients of two identical 
cylinders fitted with triple-starting helical strakes 
subjected to steady uniform cross flows in a flume 
at various staggered and tandem positions. This 
study has proven that with the existence of the 
strakes, higher Cd can be observed as compared to 
the smooth counterpart. However, qualitatively, the 
interaction between the two strake cylinders was 
similar to that between two smooth cylinders in terms 
of hydrodynamic coefficients. 

By considering the forced vibration which provided 
accuracy in design, Kamarudin et al. [12] have 
presented the experimental measurement of 
hydrodynamic forces on a circular hollow cylinder 
undergoing prescribed harmonic motions in a steady 
uniform flow by quantifying the hydrodynamic 
coefficients. In this study, the findings showed the 
behavior of all hydrodynamic coefficients at low 
frequencies was very weakly dependent on amplitude 
except for the added mass coefficient. The response 
begins to diverge at a higher frequency for different 
amplitude ratios. 

The effects of the cylindrical grouping on the 
hydrodynamic coefficient values were deeply 
investigated by Kurian et al. [13][14]. An experimental 
study was conducted to investigate the variation 
of forces and force coefficients acting on circular 
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cylinders, which were arranged in a linear array 
along the direction of the waves. In this research, a 
new device for measuring the wave forces has been 
developed, thus providing a good methodology 
in capturing the wave loadings. The hydrodynamic 
force coefficients were found to be lower than the 
standard values adopted by various design codes 
due to shielding effect on the preceding cylinders. 
Kurian et al. [15] have furthered the investigation on 
the estimation of accurate hydrodynamic coefficients 
for tubular cylinders fitted with anodes and wrapped 
with marine growth at different KC number. An 
overall increment of drag and inertia coefficients 
were observed for the cylinder fitted with sacrificial 
anodes and the one wrapped with a rough surface 
as compared to the clean cylinder. These values were 
found to be smaller than as stated in the standard 
design code. 

Besides experimental investigation, Dalton et al. 
[16] have conducted a numerical solution for the 
hydrodynamic coefficients for low KC number. 
The integration of the pressure and shear stress 
around the surface of the cylinder was calculated to 
obtain the coefficient values. The results were then 
compared with the experimental values and showed 
a close agreement. This two-dimensional solution 
represented the lower KC number quite accurately 
and could be used to predict the coefficient values 
in parameter ranges where experimental values 
impracticable to predict.

Another numerical solution in determining the 
hydrodynamic coefficients was conducted by 
Isaacson [17]. In this study, the method of integral 
equations and discretization of the submerged 
surface of the structure into a large number of facets 
has been adopted. However, if a moderate number 
of discretization was considered, the accuracy of 
the results was not satisfied. Thus, two schemes 
of the Shanks transformation and the Richardson 
extrapolation were used and compared. It was found 
that The Richardson extrapolation scheme provides 
a notable increase in the accuracy of hydrodynamic 
coefficient estimation using more moderate levels of 
discretization. 

Rectangular cylinders

Other than circular cylinders, investigations on 
rectangular cylinders were also reviewed. Yeung 
et al. [18] were considering rectangular cylinders 
in determining the hydrodynamic coefficients 
experimentally. The result has provided a good 
usefulness of the free-surface-random-vortex 
method (FSRVM) solution, which being improved 
with the addition of the turbulence effects. In this 
study, the inertia coefficients were found to be 
reduced. This might be due to the viscous effects, 
which has generated the rounding effect around the 
cylindrical corners. Although the formulation looks 
very promising, however the consideration of sharp 
edge and protruding keels were not included in this 
investigation, which reducing its reliability. 

Yeung et al. [19] have extended the investigation of 
the hydrodynamic coefficients of a heaving twin-
rectangular body by using the Helmholtz and higher-
order symmetric resonances of the moon pool. It was 
observed that the Helmholtz mode displayed different 
features, i.e. boundedness of the coefficients, as 
compared to the other modes, which has provided a 
convenient method for identification of the resonant 
mode. The time-domain solution of these twin-body 
problems showed that the Helmholtz mode was 
easily excitable, due to the smooth bounded behavior 
as compared with the higher-order symmetric mode. 
In comparison to the Helmholtz mode, the higher 
symmetric modes are observed to have a spike in the 
damping before the zero damping condition. 

Another study on hydrodynamic coefficients of 
horizontally submerged rectangular cylinder at low 
KC number was investigated by Venugopal et al. 
[20]. Two rectangular cylinders and a square cylinder 
with aspect ratios equal to ½, ¾, and 1 cylinder were 
subjected to regular and irregular waves and the 
measured wave forces were used to define the Cm and 
Cd values. The results show that at very low KC numbers 
the Cm for all cylinders approached the potential flow 
values for both horizontal and vertical forces. Cd 

exhibited large values and decreased sharply with the 
increasing of KC number. For the square cylinder, Cm 
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reduced and reached minimum values in the range of 
KC of about 3–4 and increased thereafter. The Stokes 
parameter β, however, did not have much effect on 
the measured drag and inertia coefficients and hence 
suggesting that the force coefficients were free from 
Reynolds number effect. This study has shown that 
the influence of the aspect ratio of hydrodynamic 
coefficients, thus the consideration of the aspect ratio 
of the structure cannot be negligible in the design of 
the structures.

Another study was conducted by Lou et al. [21] to 
examine the effect of yaw angle on hydrodynamic 
forces and vortex shedding regime classification of 
a square cylinder oscillating in still water. The result 
has shown that the Cd values of the square cylinder 
were significantly larger than the circular cylinder. The 
increment of the Cd values was highly related to the 
larger size of separated vortices. This showed that the 
oscillating square cylinder might have a larger wake 
width as compared to the circular one. A significant 
difference was observed in the Cd with respect to 
different yaw angles. The forces on the cylinder 
were influenced by the sweeping back, makes 
the oscillatory flow more sensitive to the cylinder 
angle. This study has given a good interpretation on 
the effect of the vortex shedding around a square 
cylinder in oscillatory flow which was intensified by 
the existence of the cylinder yaw angle.

Plates

In oscillating flow, plates have been used as one of the 
main components of the offshore structures due to 
the ability in increasing the added mass and damping 
values of the structures, thus reducing the structural 
responses. Carlos et al. [22] have investigated the 
hydrodynamic forces on heave plates for a semi-
submersible floating offshore wind turbine. In this 
study, the hydrodynamic coefficients were obtained 
experimentally by considering a structure with three 
cylindrical legs linked together by a set of structural 
braces. At the base of the cylinder, large circular 
heave plates have been attached. The findings were 
compared with the previous literature and software 

simulation and some discrepancies were observed. 
The occurrence of the discrepancies might be due to 
the differences in thickness ratio, distance to the free 
surface, and eventual scale effects.

Another experimental investigation in determining 
the hydrodynamic coefficients on oscillating flat plates 
in still water was conducted by Tian et al. [23]. In this 
investigation, a detailed study on the influences of the 
thickness ratio, shape, edge corner radius, perforation 
ratio and space size on the hydrodynamic coefficients 
of a single plate was performed. For the twin and 
triplet plate configurations, the spacing effects were 
evaluated. The finding was only applicable for the 
isolated plates. Since this study was focused on a 
single plate, therefore, in the case of the heave plate 
installed close to the column of platform or free 
surface, further investigation has been suggested to 
be carried out to obtain more reliable results, in which 
the consideration of interaction between the two 
bodies in water column has to be deeply investigated.

Ship and other structures

Aoki [24] has carried out another numerical solution 
in determining the hydrodynamic coefficients for 
floating structures which representing a ship by 
considering the shallow water effect. The application 
of modal analysis and the Eigen function expansion 
method to the interaction problem between water 
waves and a thin beam placed on the water surface 
has been investigated. The results showed significant 
shallow water effects on the coefficient values due 
to the fluid motion under the beam and also due to 
the standing wave components which depending 
on the water depth. On the other words, the stream 
lines of fluid motion under a long beam induced 
by its vibration became horizontal caused by the 
shallow water condition, which highly affecting the 
hydrodynamic coefficient values.
 
Other than considering the ship structures, a study on 
the hydrodynamic coefficients focusing on mooring 
line was conducted by Lyons et al. [25]. The interaction 
between the low mooring frequency and wave 
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frequency flows was considered due to the complex 
nature of the flow around oscillating mooring lines. 
It was acknowledged that the evaluation of the drag 
and inertia coefficients obtained from the combined 
wave tests have highlighted the limitations of the 
drag formulation of Morison equation that was 
originally developed for unidirectional flow. When the 
combined flow conditions existed, it was necessary 
to define drag and inertia coefficients appropriate to 
each of the wave and drift oscillations. Therefore, these 
coefficients for wave frequency and superimposed 
drift motion with waves must be used with care in 
design by considering the line orientations, motions, 
and mooring chain size. 

Due to the concern of the snap rolling during hard 
turning and instability during emergency rising, 
Jong et al. [26] have conducted an investigation on 
the hydrodynamic coefficients of the submarine by 
conducting towing tank and wind tunnel tests. To 
obtain the coefficients, static tests, dynamic tests, 
and control surface tests have been conducted in the 
towing tank and the wind tunnel. In this study, a more 
realistic boundary layer development and pressure 
distribution were assured with the application of 
turbulence stimulator to the submarine model. The 
methods of golden section search and least squares 
were used to fit the test results to a sinusoidal form. 
The hydrodynamic coefficients related to the angular 
motion were obtained by using the fitted data. This 
investigation has provided useful modeling and 
hydrodynamics coefficients that suitable to be used 
for various purposes such as hard turning simulation, 
emergency rising simulation, and controller design of 
the submarine.

CONCLUSION & RECOMMENDATION

The development of the hydrodynamic coefficients 
is concurrently expanded with the growth of the oil 
and gas industry. New oil and gas exploration has 
led to the development of new technology, which 
comprises of various structural design and types. The 
design of the new technology has to be good enough 
so it can withstand the environmental loadings. 

Extensive investigations on the extension of the 
application of the hydrodynamic coefficients 
have been conducted either experimentally or by 
field measurement. Thus, by considering accurate 
hydrodynamic coefficient values, a structure with 
good design and stability can be developed. Up to 
date, there are hydrodynamic coefficients available 
in the literature. In order to adopt the appropriate 
hydrodynamic coefficient values in designing the 
offshore structures. The method of determining the 
coefficients and the consideration of the parameters 
have to be identified and understood. 

At the early stage of oil and gas industry, most of 
the offshore structures were installed at the shallow 
water region. By considering the water depth, fixed 
jacket platform was the most suitable structure 
to be operated at this region. This structure was 
designed with the combination of cylinder and brace 
components. Due to that, the cylindrical type of 
model has been the main structure in determining 
the hydrodynamic coefficients. Various aspects were 
considered in the studies such as the orientation of 
the cylinder, the angle of inclination, the effect of the 
surface roughness and marine growth, the effect of 
the vortex induced vibration, the grouping effects 
etc. These studies have provided good information in 
designing the offshore structures, and based on these 
findings, some industrial companies have come out 
with their own standard design code [27] for design 
purposes.

Later, as the exploration expanded to a deeper water 
depth, more new technologies with various concepts 
have been designed and developed. At this stage, the 
floating behavior and characteristics are considered 
in determining the hydrodynamic coefficients. Due to 
that, the study on the plates and floating model has 
expanded vigorously. Plates are main components 
in floating structures since it can provide a better 
stability by increasing the added mass and damping 
values of the structures. Various parameters have 
been considered in the studies such as the thickness 
of the plates, the inclination of the plates, the effect 
of the seabed, and as well as the interaction with the 
wave. 
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The application of the hydrodynamic coefficients is 
not limited to the offshore structures in the oil and gas 
industry. Other investigations on the hydrodynamic 
coefficients for ship, submarine, and mooring lines 
provide good information, thus enhancing the 
development in their fields. Thus, the understanding 
of the interaction between the structure and 
environmental loadings in terms of hydrodynamic 
coefficients is very essential, as it can provide accurate 
information on the dynamic structural behavior that 
has to be defined in the design stage of offshore 
structures. 
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ABSTRACT

The presence of heavy metals in aqueous streams was often seen in history. And all the results lead to harm to both 
humankind and environment. So, removing these harmful materials from aqueous streams became an important 
thing. Oil Palm Empty Fruit Bunches (OPEFB) are wastes generated from Oil Palm industry. But these fruit bunches 
are not just wastes but are useful materials in removing Pb2+ from aqueous solution. In this research paper, three 
parameters such as the height of packed bed, the flow rate of influent and an initial concentration of Pb2+ are 
studied and focused. During the experiment, the adsorbent was milled to smaller particles (40 micrometers). And 
several characterizations such as Particle Size Analysis (PSA), X-ray Photoelectron Spectroscopy (XPS), Field Emission 
Scanning Electron Microscope (FESEM) and Fourier Transform Infrared Spectroscopy (FTIR) were performed. The 
final concentration at the outlet of the column was recorded, and the breakthrough curve is drawn using the data 
collected. From the results, a conclusion is drawn that the efficiency of removal increases with low flow rate (0.4ml/s), 
low initial metal ion concentration (50mg/l) and high height of packed column bed (8cm).

Keywords: Oil Palm Empty Fruit Bunch (OPEFB); continuous adsorption; heavy metal adsorption; bio-adsorbent 

INTRODUCTION 

Nowadays, most of the industries wastewater and 
different types and amounts of constituents are 
released into the waste streams [1]. In the recent 
years, a lot of attention has been given to the impact 
of wastewater towards the environment. A lot of 
considerable studies and research has been done to 
minimize the impact and to ensure the sustainability 
of the environment for the future generation. All the 
particular works and researches include the natural 
and modified materials as a medium to reduce the 
constituents in the wastewater. 

Some of the natural materials used are relatively cheap 
while some are expensive. And it totally depends 
on the type of components that are going to be 
removed and the availability of the source materials 
[1]. Heavy metals are one of the major elements in the 
wastewater and are set as a top priority to be removed 
from wastewater [2]. Several conventional methods 
such as chemical precipitation, chemical oxidation, 
ion exchange, reverse osmosis are practiced in the 
wastewater industries [6]. Nanoparticles synthesis is 
also done by several physical and chemical methods 
[3]. However, these methods have their drawbacks 
where the chemicals (reducing agent) used are often 
highly toxic, costly and non-ecofriendly. Thus, due to 
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the extensive applications of gold nanoparticles in the 
medical and agricultural sector, these methods seem 
to be unlikely favorable.

Several global disasters could be linked to the 
contamination of heavy metals in aquatic streams. 
Minamata tragedy (1959) that struck to Japanese due 
to methyl mercury contamination and Itai-Itai (1912) 
that happened due to the accumulation of cadmium 
in Jintsu River of Japan are the examples[4]. Many 
regulatory bodies either government or private have 
put a prescribed limit towards the constituents in the 
wastewater before discharging of toxic heavy metals 
into the aquatic systems. This contamination will lead 
to various health hazards to the living things, and 
environmental degradation can occur. Most of the 
diseases could result in cancer since the constituents 
are toxic and contain one of the carcinogen substances. 
If the water is not treated carefully, many people can 
be affected by the pollutant in the wastewater.

Bio-adsorbent is a right approach towards finding the 
solution for improving the efficiency of heavy metals 
removal in wastewater which has been a significant 
research area for the past decade [5]. Throughout 
the study that has been conducted, it shows the 
significance of that heavy metals must be removed 
from wastewater to save the environment and the 
livings. Besides, since the bio-adsorbent is from 
agricultural wastes, it can also be used as an efficient 
removal and recovery of heavy metals ions. There is 
no additional nutrient required to use bio-adsorbent. 
However, some company modified the bio-adsorbent 
to maximize its efficiency in removing heavy metals. In 
the economic aspect, bio-adsorbent is expected to hit 
the broad market of heavy metal removal industries 
deeper [5]. Nowadays, the number of industries are 
increasing rapidly, and this gives a greater chance for 
bio-adsorbent to be used in the particular wastewater 
treatment plant of each respective industries. 

A lot of bio-adsorbent is being modified based on 
the different type of removals that is needed in the 
different industries. The modification that was usually 
done on the bio-adsorbents is contacting them with a 
chemical functional group such as carboxyl, amino or 

phenolic [5]. This article focuses more on developing 
new types of bio-adsorbent and increase its efficiency. 

METHODOLOGY

A.   Chemicals and Reagents

In this project, OPEFB was provided by the Felda 
Nassarudin, Bota, Perak. The amount of oil palm 
empty fruit bunch (OPEFB) used was 500g, and it 
was grounded and milled into a 40 Micrometre size 
powder. 1kg of Pb(NO3)2 was used to prepare the 
stock solution of the metal ions. 

B.   Methods

1.  Preparation of Adsorbent

The (OPEFB) obtained was washed to eliminate all the 
unwanted material on its surface. OPEFB was air-dried 
in the room temperature for 48 hours and later was 
dried at 60°C for 72 hours. Then, OPEFB was cooled to 
room temperature and grounded by grinder machine 
into the sizes between the range of 1-2 cm. The fine 
OPEFB was ground by using ball miller unit to an 
average size of 40 µm which is fine powder form. 

2.  Characterization of biosorbent

Analysis on the functional group of the biosorbent 
that had been produced was done by using the 
Fourier Transform Infrared Spectroscopy (FTIR) 
Spectrum One/Bx Spectrometer. The arrangement 
of the composite was obtained through Field 
Emission Scanning Electron Microscopy (FESEM) at 
the various power of magnification. The quantity of 
each element information is obtained found through 
X-ray Photoelectron Spectroscopy (XPS). The size of 
the adsorbent particle is analyzed by Particles Size 
Analysis (PSA). The concentration of Pb ion in the 
aqueous solution after passing through the column 
was tested using Atomic Absorption Spectroscopy 
(AAS).
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3.  Preparation of Stock Solution

The Pb2+ stock solution was prepared by dissolving 
50mg and 100mg of Pb(NO3)2 into 1 liter of distilled 
water into two different beakers. This step was 
repeated for several times until the experiment was 
successfully carried out.

4.  Fixed Bed Column Adsorption Experiments

The adsorption of heavy metals by using the 
modified OPEFB (prepared earlier by air drying and 
grounding) was studied by using fixed bed column 
apparatus as a reflection of real adsorption process 
in the industry. In this project, the stock solution was 
pumped in opposing the gravity direction from the 
container which holds the stock solution. The flow 
rate of the solution into the column was monitored. 
In the optimizing phase, some of the variables of the 
experiment were changed which are flow rates (0.4 
and 0.8 ml/s), packed bed height (4 and 8 cm) and the 
concentration of metal ions (50 and 100 mg/L). The 
inner diameter of the column was fixed at 3cm. The 
experiment was conducted at ambient temperature. 
The sample of the effluent coming from the column 
was taken with an interval of 5 minutes.

5.  Column Regeneration

After each adsorption cycle had completed, an elution 
step was conducted to regenerate the column. The 
elution was done by using HCl followed by pumping 
de-ionized water through the column to remove 
the acid left. After regeneration had completed, 
the column is ready to be used again for another 
experiment.

RESULTS & DISCUSSION

Characterization of OPEFB

1.  Fourier Transform Infrared Spectroscopy (FTIR)

FTIR test has been performed to study the functional 
group that exists inside the OPEFB. This is to 
determine the adsorption capacity of each functional 

group. By varying the infrared spectrum of adsorption 
wavenumbers from 4000-400 cm-1, the functional 
groups that are present in the adsorbent were 
identified. The result is shown in the table below:

Table 1 Summary of Fourier Transform
Infrared Spectra

Functional Group Wavenumbers (cm-1)

O-H 3423.56

C-H 2925.58

C-O 1635.57

C-O 1048.38

C-OOO 608.83

The adsorption of a metal depends on the pH level of 
the solution. When the pH value is low, the adsorbent 
surface is rounded by the hydronium ions which makes 
the interaction of metal site and binding site from 
biosorbent stronger. So, as the PH value increases, the 
adsorption decreases.

2.  Particle Size Analysis

The size of OPEFB particle that has been milled was 
obtained by using PSA test. The size of the particle is 
expected to be small enough to allow more surface 
area in contact with the Pb2+ for adsorption process. 
More surface area will increase the number of metal 
binding site on the OPEFB. The high number of 
the binding site will enhance the efficiency of the 
adsorption process and produced an excellent 
removal percentage. The result obtained is as below:

Figure 1 PSA result
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The highest particle distribution is about 40 μm. The 
size of the particle can be milled and the preparation 
time will be longer. Moreover, the relatively small 
particle will have a much lesser binding side which 
might not fit for the metal to bind.

3.  X-ray Photoelectron Spectroscopy (XPS)

XPS test was conducted to study the content inside 
the particle. The information about the composition 
of an element that exists inside OPEFB particle was 
gathered through XPS test. The result obtained is as 
below:

Table 2 XPS result of OPEFB particle

Element Values 
(wt %)

Binding Energy 
Range (eV)

Carbon 66.61 293.08 - 286.73

Nitrogen 1.51 408.58 - 400.87

Oxygen 31.44 539.08 - 533.4

Calcium 0.45 358.08 - 348.47

The content of calcium inside the OPEFB usually in 
the form of CaCO3. However, this will be eventually 
decomposed into CaO and CO2.

4.  Field Emission Scanning Electron Microscope

The surface study on the raw and modified OPEFB 
have been conducted by using FESEM. The purpose 
of having surface study is to explore the availability of 
a binding site on OPEFB’s surface. 

Figure 2 Surface of raw OPEFB at 5KX

Figure 3 Surface of modified OPEFB at 5KX

The surface of modified OPEFB (Figure 3) has an 
irregular surface, and a lot of pores on the surface 
is found compared to raw OPEFB (Figure 2). This 
presence of pores will increase the area for Pb2+ to 
bind onto the adsorbent during adsorption process 
[7]. During the adsorption process, the Pb2+ will attach 
onto the surface hence the removal of Pb2+ from the 
aqueous solution will occur. 

Effect of Column Depth

The amount of metal that can be held by the 
adsorbents presented by the quantity of the solid 
adsorbent used [8]. In this experiment, the number 
of the adsorbents was represented by varying the 
height of packed column bed between 4cm and 8cm 
while the initial concentration of metal ions is kept at 
50mg/L and flow rate at 0.8ml/s.

Figure 4 Breakthrough Curve for Pb2+

at different bed depth
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The breakthrough curve is drawn by plotting Ce 
against Co where Ce is the concentration of Pb2+ at 
a particular time while Co is the initial concentration 
of Pb2+. From the breakthrough curve, the effect of 
bed depth was obtained. From Figure 4 it is clearly 
shown that the breakthrough time and exhaustion 
time of Run 2 (8cm) are lower than Run 1 (4cm). The 
adsorption of Pb2+ increases with an increase in depth 
of the packed bed height. This is due to the fact that 
high bed column will provide a high capacity of the 
binding site for Pb2+ to be adsorbed into the adsorbent 
[8]. Besides that, the higher the bed depth, the greater 
the retention time of the effluent inside the column. 
This also explains the higher efficiency removal of 
Run 2 (8cm) than Run 1 (4cm) which is 42.2% to 61%. 
From the figure, the slope of the graph decrease with 
higher bed depth. The process of adsorption in packed 
column strongly depends on the mass transfer zone 
[9]. Inside the packed bed column, the mass transfer 
zone is moving from the entrance towards the exit 
throughout the adsorption process [10]. The transfer 
region will move from portion to portion after the 
previous part have been exhausted. Thus having 
higher bed depth will increase the distance of the 
mass transfer zone for the same initial concentration 
of Pb2+.

Effect of Flow Rate

In the industry, time is crucial, and all the operation 
inside the plant is expected to consume minimum 
time. The flow rate of the influent is one of the most 
important parameters to be evaluated in determining 
the best design for adsorption column. The flow rate 
of the influent was manipulated between 0.4ml/s and 
0.8ml/s to study its effect to the adsorption process. 
The bed depth was kept constant at 8cm while the 
initial concentration was maintained at 50mg/L. The 
result of the breakthrough curve is presented below:

Figure 5 Breakthrough curves for Pb2+

at different flow rate

Based on the Figure 5 above, Run 6 (0.8ml/s) shows 
a better efficiency as compared to Run 2 (0.4ml/s). 
The gradient of Run 6 shows a lower value compared 
to Run 2 which indicate when the flow rate is slower 
the retention time of the metal inside the column is 
higher. Higher retention time allows a longer period 
for the metal adsorption process to occur. Slower 
flow rate enhances more metal removal compared 
to higher flow rate since high flow rate will increase 
the efficiency of the column. The amount of Pb2+ that 
leaves the column will be higher if insufficient resident 
time is provided for the metal adsorption to occur [8].

Effect of Initial Concentration

The amount of Pb2+ existed over a volume of waste 
water is indicated by its concentrations. The higher the 
concentration, the greater the amount of Pb2+ inside 
the wastewater. In the third experiment, the value of 
initial concentration was manipulated into two values 
which are 50mg/L and 100mg/L. The flow rate of the 
influent is kept constant at 0.4ml/s, and the height of 
the bed is fixed at 8cm. The result of the experiment is 
presented as below:
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Figure 6 Breakthrough curve for Pb2+

at different initial concentration

Based on Figure 6, Run 6 (50mg/L) has higher 
efficiency removal compared to Run 8 (100mg/L). The 
gradient of Run 6 indicates that less concentration of 
heavy metal leaves the column with time in the outlet 
as compared to Run 8. The Higher initial concentration 

requires more retention time for the heavy metal to be 
removed inside the column [8]. In Run 8 the excessive 
amount of heavy metals with the same flow rate and 
bed height with Run 6 provide insufficient retention 
time inside the column for the metal adsorption 
process to occur. As a result, less Pb2+ was adsorbed 
and the amount this explain the high concentration at 
the outlet in Run 8.

D.  Overall Result from the Experiment

Table 3 is the overall result obtained from the 
experiment that was carried out with different 
parameters. The quantity of the Pb2+ in the aqueous 
solution was detected by using the Atomic Absorption 
Spectroscopy (AAS). The efficiency of the adsorbent 
for each run of the experiment was calculated.

Table 3 Overall result from the experiment

Adsorption by using OPEFB

Experiment
Run No.

Variables Result

Flowrate, 
ml/s

Initial 
Concentration 

of Pb2+ (qo),
mg/L

Height of 
Bed, cm

Final 
Concentration 

of Pb2+ (qe), 
mg/L

qo-qe Efficiency,
%

1 0.8 50 4 28.9 21.1 42.2

2 0.8 50 8 19.5 30.5 61

3 0.8 100 4 81.3 18.7 18.7

4 0.8 100 8 64.5 35.5 35.5

5 0.4 50 4 20.8 29.2 58.4

6 0.4 50 8 10.4 39.6 79.2

7 0.4 100 4 62.4 37.6 37.6

8 0.4 100 8 43.7 56.3 56.3

Based on Table 3, the highest removal is Run six at 
79.2%. Based on the previous discussion, Run 6 has 
the optimized parameter for adsorption process. 

The flow rate is 4 ml/s which is the lowest. The initial 
concentration is the lowest which is 50mg/L, and the 
height of the packing bed is 8cm which is the highest.
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CONCLUSION

Adsorbent from OPEFB is suitable to be used as a 
replacement of activated carbon in the packed column. 
Low initial concentration increases the efficiency up 
to 80% but as the initial concentration increases the 
efficiency decreases till less than 40%. This is because 
low initial concentration will reduce the amount 
of heavy metal available in the influent. So, a high 
influent flow rate is obtained while the packing height 
is kept at high. Moreover, the low influent flow rate will 
provide longer retention time for the adsorption to 
take place. High packing height will allow more metal 
binding site for the adsorption process. Continuous 
adsorption application in the wastewater industry 
will minimize the time for treatment, and less space is 
required to hold the effluent compared to the batch 
process. Also, the adsorbent produced in this project 
did not use any chemical to modify the adsorbent. The 
only modification done is reducing the particle size 
by milling the OPEFB to 40 micrometers. Less reagent 
is needed thus reducing its production course and 
minimize the chemical hazard of the adsorbents. 

RECOMMENDATION

The modification done on the OPEFB particle 
to increase the efficiency of the removal can be 
improved. The modification by using Haematite to 
produce Nano-magnetic composite together with 
OPEFB can be furthermore improved. Haematite has 
magnetic features towards heavy metals and can be 
used to increase the metal adsorption process by 
OPEFB. During this project, the defective equipment 
such as sonicator and homogeniser did not allow the 
Nano-composite adsorbent to be produced smoothly.

In this project the only one type of heavy metals 
that was tested which is Pb2+. However for further 
improvement, more types of heavy metals can be 
tested and the efficiency of different types of heavy 
metals can also be studied.
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