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Abstract: The performance of solar photovoltaic systems can be improved if 

solar modules are kept perpendicular to the direction of solar radiation. 

Therefore, an accurate solar tracker system is important to continuously 

orientate solar modules to be always perpendicular to the solar radiation 

throughout the day. This paper presents the development and testing of a self-

adjusting single-axis solar tracking system using two photovoltaic cells as 

photosensors. A prototype of the single-axis solar tracking system is built and 

tested based on continuous tracking method to the sun’s position throughout 

the day. An Arduino UNO microcontroller, a servo motor, and photovoltaic 

cells are selected as the components of the prototype. As this is an active 

tracking system, the orientation of the tracker receiver surface depends on the 

feedback received from the photosensors. Outdoor tests were carried out under 

clear skies at Kota Damansara, Malaysia (3.1467512 N, 101.5740615 E).  The 

tracking inaccuracy is less than 5% with the maximum being 4.12%.  

Keywords: photovoltaic, active tracking, Arduino, solar energy, solar tracked 

 

1.  Introduction 

Over the years, researchers have developed solar trackers to maximize 

energy generation. Before the introduction of solar tracking methods, fixed 

solar modules were positioned with a reasonable tilted angle based on the 

latitude of the location (Helwa et al, 2000; Jacobson and Jadhav, 2018). In 

general, most solar photovoltaic (PV) farms around the world are installed with 

rows of solar modules in a fixed position. This is mainly due to lower cost and 
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minimal maintenance at the site since there are no moving parts in the solar PV 

farm. As the earth revolves around the sun, a fixed solar module is unable to 

face the sun throughout the day (Chong K.K. et al, 2009; Sinha, Das and 

Singha, 2015).  As a result, the solar module doesn’t receive maximum daily 

insolation.  

A solar tracking system continuously orients PV modules towards incident 

rays of the sun. A solar tracking system dynamically places PV modules in an 

optimal position which faces the sun, to receive maximum irradiance thus 

maximizing output power. The solar tracking system optimizes the angle of 

incidence to increase electrical energy output. Solar tracking systems are 

largely categorized in two groups due to the different principles of operations 

and are further divided into subgroups by the similarities and differences 

between the techniques. The two groups are passive and active tracking 

systems. Passive solar trackers depend primarily on solar thermal input for 

effective tracking without requiring external power supply (Amelia et al, 

2019).  

On the other hand, active solar trackers use an assembly of motors, 

sensors, drivers, and controllers to keep PV modules in sync with the trajectory 

of the sun (Suneetha Racharla and Rajan, 2017). An external power supply is 

necessary to operate the motors in active solar trackers. In active tracking or 

continuous tracking, the position of the sun in the sky during the day is 

continuously determined by sensors. The sensors will trigger the motor or 

actuator to move the mounting frame so that solar panels will always face the 

sun throughout the day. Active tracking systems could be primarily grouped 

into two, namely single axis and dual axis tracking systems. The former 

follows the sun in a single plane from east to west whereas, the later goes a 

step further tracks the sun in the north-south direction as well (Mustafa et al, 

2018). To track the sun’s movement accurately dual axis tracking system is 

necessary. The active/continuous tracking system tracks the sun for light 

intensity variation with precision. Hence, the power gain from this system is 

very high (Siaw and Chong, 2013). To achieve this power gain the system uses 

two motors continuously for two different axes. As a result, the system 
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consumes extra power compared to time-based tracking system (Flores-

Hernández et al, 2019).  

To reduce power losses, a self-adjusting single-axis tracking system is 

proposed as a suitable alternative to this system to reduce the motor power 

consumption while tracking with acceptable accuracy. This study presents a 

single-axis tracking system that is controlled by an Arduino UNO 

microcontroller. The system is driven by a servo motor to keep and maintain 

the position of solar PV system throughout the day. A prototype is developed 

and evaluated under clear sky and cloudy conditions to verify the performance 

of the system. 

2.  Methodology 

The main elements of a solar tracking system are the sensor unit, control 

unit, movement adjusting unit, and tracker frame. The proposed self-adjusting 

single-axis solar tracking system comprises of Arduino UNO microcontroller, 

servo motor, solar module that is installed on the tracker, and two solar cells 

as sensing devices (Figure 1). Microcontroller is the main control unit of the 

solar PV tracker. Output from the two solar cells will be channelled to the 

microcontroller as input signal and this determines the direction of movement 

for the tracker. The base programming language of the Arduino UNO 

microcontroller is C programming language and can be extended on C++ 

language compilers. The microcontroller ATmega328P is at the core of the 

Arduino UNO. The board has 14 digital input-output ports, labelled as 0 to 13. 

It also capable of accepting 6 analog inputs, which are labelled as A0 to A5.  

 

Two Solar cells

(sensor unit)

Microcontroller

(control unit)

One Servo motor

(movement 
adjusment unit)

Solar Module 
(tracker frame)
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Figure 1. Block diagram of the single-axis solar tracker 

Two solar cells are placed at the opposite ends of solar tracker frame to 

act as photosensors. They are used for measuring light intensity and generating 

corresponding analog voltage signals into the input pins of the analog to digital 

converter of the microcontroller. The voltage readings are taken continuously 

in real time and compared to check for differences. In the case when voltage 

readings are the same, it implies that solar irradiation is equally received on 

both opposite ends of the solar tracker. Therefore, motor operation will pause 

at that position until the next readings are received.  

The motor used for this study is a micro servo with a simple potentiometer 

that functions as its position sensor. Apart from the potentiometer, other 

components of the servo set are a mini DC motor, gears and a simple control 

circuit. Servo motor is chosen due to its high precision and high torque 

characteristics which is achieved by the gears that are connected to the high-

speed DC motor. In addition, the operating voltage of the motor is low and can 

be accommodated by the Arduino UNO without needing additional power 

supply. The output from microcontroller is sent to the motor driver which 

executes the proper sequence to turn the stepper motors in the required 

direction. 

The initial position of the solar module horizontal, which is parallel to the 

base. This translates to a 90o neutral position of the motor. If the voltage of the 

sensor on the right is greater than for the solar sensor cell on the left, the motor 

would rotate in the clockwise direction heading towards 0o position (Figure 

2). On the contrary, if the voltage of the left cell is higher than that of the right 

one, the module would be rotated counter- clockwise with the motor closing 

on to the 180o position.  
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Figure 2. Flowchart of the software program 

3.  Results and discussion 

Data collection is necessary to validate the performance of the single-axis 

solar tracking system. Firstly, the prototype is tested under artificial light in a 

controlled environment room. The artificial light source is placed at different 

angles and the corresponding incidence angle of the solar tracker receiver 

surface is measured.  

Subsequently, the solar tracking system is taken outside to be tested under 

clear-sky condition. The prototype is placed away from any shadings of trees 

and buildings. Solar elevation angles and the position of the sun are recorded. 

The two angles, angle of the tracker receiver surface and the solar elevation 

angle are compared and analysed. 

3.1.  Indoor results 

The prototype is placed below an artificial light source while all other light 

sources are switched off in a dark room. The artificial light source is positioned 
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at a predetermined angle facing the tracker receiving surface. The servo motor 

rotates the tracker frame in accordance to the position of light source and the 

prototype’s tracking angles is recorded (Table 1).  

Table 1. Motor angle readings from indoor testing 

Artificial 

Light 

Source 

Position 

Target 

Motor 

Angle 

Recorded 

Prototype 

Motor Angle 

Average 

Prototype 

Motor Angle 

Inaccuracy 

(%) 

A B C 

75o 165 165 165 166 165.3 0.18 

60o 150 153 150 149 150.7 0.47 

45o 135 133 136 134 134.3 0.52 

30o 120 120 120 119 119.7 0.25 

 

The angle values in the table above are all with respect to bearing due 

north of the centre of motor axle. The artificial light source only moves in a 

single plane, stopping at intervals of 15o to obtain the corresponding motor 

angle values. The artificial light source mimics the east to west directional axis 

of the sun, ignoring its seasonal north-south deviation. It is important to 

highlight that human influence is not negligible in indoor testing, due to 

physical limitation in positioning of the artificial light source and the method 

of obtaining the readings manually. This leads to a margin of error, and thus 

the testing is repeated thrice to increase its accuracy. From Table 1, the 

maximum percentage of inaccuracy is 0.52%.    

3.2.  Outdoor results 

All outdoor experiments are conducted under clear skies at Kota 

Damansara, Malaysia (3.1467512 N, 101.5740615 E). The prototype of self-

adjusting single-axis solar tracker is placed under the sun, away from 

obfuscations such as buildings or trees (Figure 3). The Arduino UNO 
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microcontroller is powered by a laptop computer via a universal serial bus 

(USB) cable.  

 

Figure 3. An implementation of single-axis solar tracker under outdoor 

condition 

 

The angular tilt readings of solar module, mounted on the solar tracker 

receiving surface, is measured using Protractor App in a smart phone. The 

actual motor angle is compared to the ideal position at the time of measurement 

to validate the accuracy of the tracker. The ideal motor angles are calculated 

using azimuth and zenith angles obtained via a series of mathematical 

calculations. This is done by inputting parameters such as the location (latitude 

and longitude), date and time zone into an online Keisan Casio solar elevation 

angle calculator. The website produces a table consisting data of elevation 

angle against time, at intervals of 15 minutes. The outdoor tests were 

conducted on 8th of April 2019 from 15.00 to 18.00 hrs, at longitude 101.577 

degrees East and latitude 3.148 degrees North which is in the 8th hour time 

zone. A comparison table of ideal motor angles and actual motor angles is 

presented in Table 2, and the two angles are compared to obtain the percentage 

error. The error increases as the sun proceeds to set and this could be attributed 
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to the photovoltaic module in a more upright position, causing an uneven 

weight distribution that would in turn affect motor operation. 

Table 2. A comparison table of ideal motor angles and actual motor angles  

Hour: 

Minute 

Elevation 

Angle 

(Degrees) 

Azimuth 

Angle 

(Degrees) 

Ideal Motor 

Angle 

(Degrees) 

Actual Motor 

Angle 

(Degrees) 

Percentage 

Error  

(%) 

15:00 63.74 279.74 153.74 152.5 0.81 

15:15 60.04 278.82 150.04 150.6 0.37 

15:30 56.34 278.14 146.34 147.1 0.52 

15:45 52.63 277.64 142.63 142.8 0.12 

16:00 48.92 277.25 138.92 140.1 0.85 

16:15 45.20 276.97 135.20 135.5 0.22 

16:30 41.49 276.76 131.49 130.8 0.52 

16:45 37.77 276.76 127.77 128.2 0.37 

17:00 34.05 276.51 124.05 124.9 0.69 

17:15 30.34 276.45 120.34 119.5 0.70 

17:30 26.62 276.44 116.62 118.1 1.64 

17:45 22.90 276.45 112.90 114.5 1.42 

18:00 19.19 276.50 109.19 110.6 1.29 

 

4.  Conclusion 

In this paper, the development and testing of a self-adjusting single-axis 

solar tracker is presented. The solar tracker has one servo motor that follows 

the trajectory of the sun in the azimuth axis, which is the East to West direction. 

An Arduino UNO microcontroller board, a servo motor, and photovoltaic cells 

are selected as the main components of the prototype. Two solar cells are 

installed on the tracker as sensing devices that would measure the solar 
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irradiation received on opposite ends of the solar tracker. Voltage 

measurements from both sensors become input for the microcontroller. The 

microcontroller compares both input data and directs the servo motor to rotate 

towards the sun by minimizing the incident angle on the tracker receiver 

surface to zero degrees. 

As this is an active tracking system, the orientation of the tracker receiver 

surface depends on the feedback received from the sensors. Therefore, the 

precision of the tracking system relies on the sensitivity of the solar cells. Since 

the prototype is relatively small, the deviation of voltage on the solar cells is 

minimal. Therefore, a cardboard obfuscation of similar dimension to the 

photovoltaic cells is fixed at an angle of 90o between the tracker receiver 

surface and each sensor. This increased the sensitivity of the solar cells and an 

overall improvement in reaction time of the tracking system.  

In this study, indoor tests concentrated on the azimuth axis because the 

artificial light source moved in a single plane. On the other hand, outdoor tests 

were carried out under clear skies at Kota Damansara, Malaysia (3.1467512 N, 

101.5740615 E).  The tracking inaccuracy is below 5% with the maximum 

being 4.12% and minimum of 0.12%.  

Acknowledgement 

The authors would like to thank SEGi University for funding the research 

of this study. 

 

References 

 

Amelia A.R., Irwan Y.M., Safwati I., Leow W.Z., M.H. M.H. and Mohd 

Shukor Abdul Rahim. (2019). Technologies of solar tracking systems: A 

review. IOP Conference Series: Materials Science and Engineering. 767, 

1st International Symposium on Engineering and Technology (ISETech) 

23 December 2019, Perlis, Malaysia, 012052 

 

Chong K.K., Wong C.W., Siaw F.L., Yew T.K., Ng S.S., Liang M.S., Lim Y.S. 

and Lau S.L. (2009). Integration of an on-axis general sun-tracking 

formula in the algorithm of an open-loop sun-tracking system. Sensors. 

9, pp. 7849-7865. 

 



10 
 

Flores-Hernández D.A., Palomino-Resendiz S.I., Luviano-Juárez A., Lozada-

Castillo N. and Gutiérrez-Frías O. (2019). A heuristic approach for 

tracking error and energy consumption minimization in solar tracking 

system. IEEE Access. 7, pp. 52755-52768. 

 

Helwa N.H., Bahgat A.B.G., El Shafee A.M.R., El Shenawy E.T. (2000). 

Maximum collectable solar energy by different solar tracking systems. 

Energy Sources. 22(1), pp. 23-34.  

 

Mustafa F.I., Shakir S., Mustafa F.F. and Naiyf A.T. (2018). Simple design 

and implementation of solar tracking system two axis with four sensors 

for Baghdad city. 9th International Renewable Energy Congress (IREC), 

Hammamet, pp. 1-5. 

 

Jacobson M.Z. and Jadhav V. (2018). World estimates of PV optimal tilt angles 

and ratios of sunlight incident upon tilted and tracked PV panels relative 

to horizontal panels. Solar Energy,  169, pp. 55-66 

 

Siaw F.L. and Chong K.K. (2013). An interconnection reconfiguration method 

for concentrator photovoltaic array. IEEE 39th Photovoltaic Specialists 

Conference (PVSC), Tampa, FL, 2013, pp. 0486-0488. 

 

Suneetha Racharla and Rajan K. (2017). Solar tracking system – a review. 

International Journal of Sustainable Engineering. 10 (2), pp. 72-81.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

 

Nano Iron Oxide Impregnated Poly(Vinylidene Fluoride) Ultrafiltration 

Membrane for Palm Oil Mill Effluent Treatment 

Chia Siang Ooi, 1*Mieow Kee Chan, 

1Centre for Water Research, Faculty of Engineering and the Built 

Environment, SEGi University.  

*mkchan@segi.edu.my 

______________________________________________________________ 

Abstract: Palm oil mill effluent (POME) is highly organic loaded liquid waste 

in the palm oil industry. Membrane technology is preferred as the tertiary 

treatment due to the high removal efficiency and low space requirement. 

However, membrane fouling is the drawback of membrane technology, which 

increases the operational cost. Thus, the objective of this research is to improve 

the anti-fouling property of poly(vinylidene-fluoride) (PVDF) membrane by 

using nano - Fe3O4 as the additive. Nano - Fe3O4 was synthesized through 

chemical reduction method, and it was proved by the Energy Dispersive X-ray 

spectroscopy (EDX) spectrum. The nano iron oxide was added to the 

Poly(vinylidene-fluoride)/ Polyvinylpyrrolidone solution and cast into 

membranes. The hydrophilicity of nano - Fe3O4 modified the membrane 

surface and improved the antifouling property. This was proved by the lower 

contact angle of PVDF/ nano - Fe3O4 membranes (70.99°) compared to the 

neat membrane (77.13o). PVDF/ nano - Fe3O4 membranes exhibited better 

separation performance compared to the neat membrane, especially in BOD 

removal. PVDF/nano iron oxide membrane removed 94.73% of BOD while 

88.67% BOD was removed by the neat membrane. At the same time, the 

membranes exhibited consistent COD and TSS removal in the first 5 cycles in 

treating POME. A slight reduction in BOD removal was observed from the 

first cycle to the fifth cycle suggested the use of other membrane cleaning 

method is required to remove the foulants. In conclusion, nano - Fe3O4 

improved the anti-fouling property of PVDF membrane, and a comprehensive 
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study on membrane cleaning shall be conducted in the near future for 

sustainable use.   

Keywords: Palm oil mill effluent; Poly(vinylidene-fluoride); Iron oxide 

nanoparticles;  Antifouling property, BOD 

______________________________________________________________ 

1. Introduction 

Oil palm (Elaeis guineensis) is a versatile crop, and its growth is limited 

to tropical areas such as Malaysia and Indonesia (Ahmad et al., 2018). 

Malaysia as the second-largest producer of palm oil in the world produced 

17.73 million tonnes crude palm oil (CPO) in the year of 2008 (MPOB, 2008) 

and increased to 19.52 million tonnes in 2018 (MPOB, 2018). Despite the 

significant economic benefit earned from oil palm production, it causes serious 

environmental problem as a large volume of polluted wastewater is generated 

during the extraction and refining processes (Azmi and Yunos, 2014; Bello 

and Abdul Raman, 2017). Palm oil mill effluent (POME) is a brown non-toxic 

thick liquid waste with an unpleasant odour (Yacob et al., 2006). 75 million 

tonnes of POME were produced from the palm oil mills in Malaysia in 2016 

(Dalton et al., 2017). The raw POME contains high polluting compounds such 

as 25000 mg/L biological oxygen demand (BOD), 51000 mg/L chemical 

oxygen demand (COD) and 18000 mg/L suspended solid (SS) that cause 

severe impact to the environment (MPOB, 2014). Untreated POME lowers the 

quality of water for domestic use (Ezemonye et al., 2008; Izah et al., 2016), 

causes eutrophication which leadss to the depletion of oxygen (Awotoye et al., 

2011) and endangers the aquatic life.  

Conventional ponding system is a well-known method for POME 

treatment in Malaysia as this method is cost-effective and simple. However, 

long hydraulic retention time and the need for a large land area are the main 

drawbacks of this treatment. Thus, other methods such as coagulation and 

flocculation, advanced oxidation process, microalgae cultivation and 

membrane treatment are proposed. Among these methods, membrane 

separation shows excellent chemical oxygen demand (COD) and total 
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suspended solid (TSS) removal within a short treatment time. It produces 

effluent with stable and consistent quality. Therefore, membrane technology is 

introduced as the secondary treatment to treat POME up to the allowable 

discharge limit (Ghani et al., 2018).  

Ultrafiltration membrane is ideal for POME treatment due to its moderate 

pore size. Studies showed that the UF membrane-treated POME could be 

reused by recycling the treated water to the palm oil mill (Azmi and Yunos, 

2014; Ghani et al., 2018). However, membrane fouling is the main problem 

found in the separation process. It reduces the separation performance, reduces 

permeate flux as well as reduces the life span of the membrane (Ghani et al., 

2018). Thus, it increases the cost of treatment.  

Findings from the research works showed that the low hydrophilicity of 

membrane contributed to the fouling phenomena (Kumar and Ismail, 2015). 

Modification of membrane such as blending with inorganic nanoparticle 

enhances its hydrophilicity and exhibits antifouling property (Benavente et al., 

2017; Pereira et al., 2018). Thus, the objective of this study is to investigate 

the performance of nano-Fe3O4 in improving the antifouling property of 

hydrophobic polyvinylidene fluoride (PVDF) membrane. PVDF resists to 

acidic condition, which made it an ideal material to treat acidic POME. 

Besides, it also exhibits excellent mechanical strength, resists to high 

temperature, and cost-effective (Lalia et al., 2013; He et al., 2014).  

2. Materials and methods 

2.1.Materials 

PVDF (Mw = ~534,000) was purchased from Sigma-Aldrich and used as 

the membrane-forming material. Polyvinylpyrrolidone K30 (PVP, K30) was 

supplied by Vchem Laboratory Chemicals as the pore-forming agent while N, 

N-Dimethylformamide (DMF >99.8%) was used as the solvent. Biological-

treated POME was obtained from a local mill factory at the extended aerobic 

ponding (Teluk Intan, Perak). POME was stored at 4°C to avoid microbial 

decomposition (Aziz and Hanafiah, 2017b). Iron (II) sulfate heptahydrate, 

sodium carbonate were obtained from Merck Germany. Ethanol with 99% 
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purity and ethylenediaminetetraacetic acid (EDTA) with 0.1 Molarity was 

supplied by Fisher Scientific. All the chemicals were used as received. 

2.2. Preparation of iron oxide nanoparticles 

 0.1M of iron (II) sulfate heptahydrate and 0.05M of EDTA were mixed 

by using the overhead stirrer at 300 rpm. Iron in the solution was reduced by 

adding 0.75M of sodium carbonate dropwise to the mixture. The black 

precipitate (iron oxide) was further reduced by immersing in 1.0M of sodium 

carbonate. The iron oxide nanoparticle was rinsed three times using ethanol 

and stored in ethanol (Guo et al., 2018; Zin et al., 2013) before use. 

2.3. Membrane fabrication and characterization 

The polymer solution was prepared according to the formula in Table 1. 

An appropriate amount of iron oxide nanoparticle was dispersed in DMF using 

ultrasonic vibrator for 1 hour. Then, 19wt% of PVDF and 3wt% of PVP were 

added into the DMF solution and stirred at 400 rpm for 4 hours at 85°C. The 

polymer solution was degassed at room temperature (Homayoonfal et al., 

2010; Ong et al., 2014). The bubble-free solution was cast by using the semi-

automated casting machine (Chan and Teo, 2013). The blade of the semi-

automated casting machine was adjusted to 200 µm from the surface of the 

glass plate using the digital micrometer, and the polymer solution was cast at 

7 cm/s (Chan et al., 2016). The casted film was immediately placed into the 

oven for 9 minutes at 60°C before placed into RO water. The membrane was 

then rinsed with RO water to remove the remaining solvent. Lastly, the 

membrane was transferred to RO water bath for storage.   

The hydrophilicity of the membranes was determined by using contact 

angle goniometer (Attention Theta Lite).  

Table 1. The dope formulation of nano Fe3O4 PVDF/PVP flat sheet 

membrane. 

Membranes PVDF 

(wt %) 

PVP 

(wt%) 

DMF 

(wt%) 

Fe3O4 (wt%) Coagulation Bath 

PVDF 0 19 3 78 0 RO water 

PVDF 1 19 3 77.9 0.1 RO water 
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2.4 Characterization of Nano-Fe3O4  

The chemical composition of the iron oxide nanoparticles was analyzed 

by using Energy Dispersive X-ray spectroscopy (EDX) Oxford INCA 

PentaFETX3 (Oxford, UK).  

2.5 Antifouling property of PVDF membranes  

The membrane filtration experiment was conducted by using a 50ml 

Millipore dead-end stirrer filtration cell with an effective membrane surface 

area of 13.4 cm2 (Amicon Stirred cell 50mL). Biological-treated POME 

obtained from a local mill factory at extended aerobic ponding (Teluk Intan, 

Perak) was used as the feed. The properties of the feed are shown in Table 2. 

The filtration cell, which was pressurized by the nitrogen gas, was operated at 

the transmembrane pressure (TMP) of 1 bar. The membrane was reused for 5 

cycles, and it was back washed by using RO water before the next cycle.   

The BOD5, COD and TSS of the samples were measured to determine the 

separation performance of the membranes. BOD5 test was conducted 

according to standard method 5210B.  TSS and COD were measured according 

to photometric method 8006 and APHA standard method 8000 respectively. 

The solute separation efficiency, R was calculated from Equation (1):-  

                 

Where R is rejection efficiency, %, CP is the concentration of permeate, mg/L, 

CF is the concentration of feed, mg/L. 

Table 2. Characteristic of POME collected from Teluk Intan, Perak 

Properties Concentration (mg/L) 

COD 2300.73 ± 136.69 

BOD 888.52 ± 194.47 

TSS 992.00 ± 40.18 

 

Eq (1) 
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3. Results and discussion 

3.1. Characterization of iron oxide nanoparticles 

The elemental analysis of the synthesized nano-Fe3O4 was showed in the 

EDX spectrum in Figure 1. The atomic percent of Fe and O were 25.3 % and 

74.7% respectively. Meanwhile, the weight percentage of Fe and O was 

reported as 54.2 % and 45.8%. The distinctive peak at approximately 0.6 keV 

due to surface plasmon resonance of the element indicates the presence of 

Fe3O4. This is consistent with the finding reported by Zambri et al. (2019), 

where the Fe3O4 produced from neem leaf extract showed a peak at 

approximately 0.6 keV in EDX spectrum. The x-ray diffraction pattern 

confirmed this result.      

 

Figure 1. EDX spectrum of nano-Fe3O4 

3.2. Antifouling performance and reusability studies 

Table 3 showed the hydrophilicity of PVDF membranes and the 

respective separation performance. The contact angle of PVDF 0 was 77.13 ± 

1.58o, which is approximately 7 o higher compared to PVDF 1 membrane. This 

implies that PVDF 1 was more hydrophilic compared to PVDF 0 due to the 

presence of nano-Fe3O4. This is in agreement with the finding reported by 

Hong and He (2014) where the presence of ZnO in PVDF membrane reduced 

the contact angle of neat PVDF membrane from 70o to 63o. Similar results 
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were also published by Ngang et al. (2017) and Zhang et al. (2015) by using 

SiO2 and hydroxyapatite, respectively.   

Table 3. Separation performance of PVDF 0 and PVDF 1 membranes 

Membrane Contact 

angle (o) 

TSS (%) COD (%) BOD5 (%) 

1st 

cycle 

5th 

cycle 

1st 

cycle 

5th 

cycle 

1st 

cycle 

5th 

cycle 

PVDF 0 77.13 ± 1.58 97.82 97.88 56.45 58.38 88.67 73.15 

PVDF 1 70.99 ± 2.72 98.72 97.93 57.89 57.84 94.73 76.84 

 

Generally, PVDF 1 membrane performed slightly better compared to 

PVDF 0, especially in BOD removal. PVDF 1 removed 94.73% of BOD while 

PVDF 0 removed 88.67% of BOD in the first cycle. In this cycle, both PVDF 

membranes successfully treated the BOD up to the discharge limit set by the 

government, which is 100mg/L (Ahmad et al., 2003; Ma et al., 1993). The final 

concentration of BOD5 for PVDF 0 and PVDF 1 were 98.22mg/L and 45.72 

mg/L, respectively, as showed in Figure 2. This indicates that the presence of 

nano-Fe3O4 improved the hydrophilicity of PVDF membrane and thus 

enhances its performance in removing organic compounds that can be 

decomposed by microorganism compared to PVDF 0. The performance of 

PVDF 1 membrane was better than the composite cellulose membrane 

produced by Alim et al. (2018), when 70.3% of BOD5 was removed, and the 

treated POME showed a BOD concentration of 95mg/L in the first cycle.  

It is notable that the PVDF membranes exhibited consistent COD (~58%) 

and TSS (~98%) removal, as showed in Table 3. This results were comparable 

with the recent work published by Ho et al. (2017), who treated diluted aerobic 

POME with 151 mg/L COD and 141.67 mg/L TSS, 100% TSS and 75.5% 

COD were removed by using graphene oxide/oxidized multi-walled carbon 

nanotubes mixed-matrix membranes. Although higher rejection rate was 

achieved by the membrane produced by Ho et al. compared to PVDF 1, the 

feed concentration used in their study was lower compared to the current study. 

Besides, the PVDF membranes in study can be reused at least 5 cycles without 

deleterious the performance.  
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Significant reduction in BOD removal was observed in Table 3, where 

PVDF 1 removed only 76.84% and PVDF0 removed 73.15% of BOD in the 

fifth cycle. Comparatively, the removal performance was 94.73% and 88.67% 

for PVDF 0 and PVDF 1, respectively, in the first cycle.  Figure 2 showed an 

increase in the final concentration of BOD5 from cycle 1 to 5. It may due to the 

fouling effect on the membrane surface, and this effect was getting severe as 

the number of cycle increased. Notably, the highest final BOD reading 

observed in the 4th cycle may also due to the high BOD concentration in the 

feed, as showed in Figure 2.  

 

 

Figure 2. Separation performance of PVDF membranes in terms of BOD. 

 

4.0 Conclusion 

The present of nano-Fe3O4 improves the antifouling property of PVDF 

membrane by improving the hydrophilicity of the membrane. Significant 

improvement was observed in BOD removal where PVDF 1 with   nano-

Fe3O4  removed 94.73% of BOD5, while the neat membrane showed  88.67% 

BOD removal. The membranes also showed consistent TSS and COD 

removals in the first 5 cycles of recycling the same membranes. The trend of 
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reduction in BOD removal rate from the first cycle to the fifth cycle suggested 

mild fouling phenomenon on the PVDF membrane. It is recommended to 

improve the RO backwash technique by other cleaning methods such as 

ultrasound cleaning and chemical cleaning.     
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Abstract: Activated sludge process is one of the effective methods in 

biological wastewater treatment and the impact of oxygen transfer through 

aeration process has the most important breakthroughs as it served as the 

largest consumer in the treatment. Aeration is an energy demanding process. 

Oxygen transfer into an activated sludge is a very challenging issue in the field 

of multiphase flows. Apart from the physical mass transfer phenomena 

between gas, liquid and solids phases, the transport mechanisms are also 

overlapped by time and temperature, varying microbial activity, impurity 

loads, adsorption and desorption processes. Oxygen uptake rate (OUR) for 

microbial population in the activated sludge system is important parameter to 

determine the amount of oxygen consumed during aerobic heterotropic 

biodegradation in the system. Evaluation of specific oxygen uptake rate 

(SOUR) and the volumetric mass transfer coefficient (KLA) of oxygen for three 

different wastewater treatment processes, namely conventional activated 

sludge (CAS), oxidation ditch (OD) and sequencing batch reactor (SBR) 

treating municipal wastewater in Kuala Lumpur have been carried out. In-situ 

and ex-situ measurement of pH, dissolved oxygen (DO), temperature, MLSS 

and MLVSS were carried out. In the activated sludge treatment, very low 

concentration of dissolved oxygen may cause the wastewater to turn septic 

resulting in death of bacteria or in active due to unstable anaerobic conditions. 

Conversely, an excessive dissolved oxygen may result to high energy and high 
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operating cost. Higher flowrate may also cause dissolved oxygen to rise, 

reducing the quality of sludge and slowing the denitrification process in the 

system. Results revealed that the OUR for SBR, OD and CAS were 9.582 mg 

O2/L/hr, 10.074 mg O2/L/hr and 13.764 mg O2/L/hr, respectively. Low oxygen 

uptake rate indicates a low rate of microbial respiration. By computing the 

OUR, the mass transfer coefficient could be evaluated. It should be noted that 

among the treatment system in this study, the conventional activated sludge 

shows the highest mass transfer coefficient and specific oxygen uptake rate of 

2.038 hr-1 and 15.605 mg O2/g MLVSS/hr, respectively. Improving the oxygen 

transfer rate and reducing aeration in the system could achieve a cost-effective 

aeration system. 

Keyword: Activated sludge process, Microorganisms, Oxygen uptake rate 

(OUR), Volumetric mass transfer coefficient (KLa) 

______________________________________________________________

_______ 

1.  Introduction 

Wastewater treatment using scientific and engineering methods has been 

improving remarkably over the years, due to the increased demand and reduced 

supply for clean water. Wastewater can be defined as polluted water generated 

by human activities which consists a high amount of toxic chemicals, organic 

and inorganic contaminants and pathogenic microorganisms (Riffat, 2013). 

Wastewater could be treated by supplying oxygen. This is because 

microorganisms consume oxygen to degrade wastewater contaminants. By 

measuring dissolved oxygen, the oxygen uptake rate can be evaluated by 

plotting the slope of dissolved oxygen against time. Since microorganisms in 

activated sludge require oxygen to consume organic matter, a high oxygen 

uptake rate indicates a high microbial activity and organic matter content, and 

vice versa. Dissolved oxygen should be provided in adequate amounts, from 1 

to 3 mg/L (Spellman, 2009). An insufficient amount of dissolved oxygen will 

cause the bacteria to die due to the unsuitable anaerobic conditions, causing 

the process to become septic. In addition, other than the decrease of active 

microorganisms, there will be the formation of filamentous bacteria, which 
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brings a negative impact to the sludge settleability (Wilén, Markiewicz and 

Nilsson, 2010). However, too much dissolved oxygen will not be economically 

friendly due to the wastage of energy and money. 

In aerobic treatment, oxygen is supplied throughout the reactor by using 

diffusers or aerators because microorganisms present in the water require 

oxygen to break down of organic matter, such as phosphorus and nitrogen, as 

part of the treatment process. The transfer of oxygen to liquid from gas phase 

is the main technique used in order to maintain the desired dissolved oxygen 

concentration. In wastewater, the amount of oxygen is limited by the low 

solubility of oxygen in water and the rate of mass transfer. Thus, enhancing the 

oxygen transfer will be able to maintain the desired level of oxygen 

concentration as well as improving the efficiency of the treatment system. 

Oxygen uptake rate (OUR) is the microorganism respiration rate per unit time. 

The OUR is proportional to the microorganism concentration and depends on 

the quality of the incoming wastewater. In a normal activated sludge, the value 

of OUR is approximately 30 mg/L.hr. For an extended aeration process, the 

value of OUR is approximately 10 mg/L.hr (Riffat, 2013). Thus, this parameter 

is very suitable for monitoring and control of the activated sludge system. It 

can be utilized as an approach to discover the hazardous matter which can 

potentially pose a negative impact to the performance of wastewater treatment 

process (Kim et. al., 2001). 

Oxygen uptake rate (OUR) is used to estimate the rate for the 

microorganisms to consume oxygen to degrade organic matter. Oxygen uptake 

rate divided by the amount of volatile suspended solids would yield specific 

oxygen uptake rate (SOUR). Specific oxygen uptake rate and mass transfer 

coefficient are calculated as below: 

 

SOUR, (
mg

g.hr
) =

(OUR,   
mg

L.min
 )(60

min

hr
)(1000

mg

g
)

MLVSS,
mg

L

                    Eq (1) 

 

where, 

SOUR = Specific oxygen uptake rate, mg O2/g.MLVSS/hr 
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OUR = Oxygen uptake rate, mg O2/L/hr 

MLVSS = Mixed liquor volatile suspended solids, mg/L 

 

KLa(C∗
O2

− CO2
) − qO2

x = 0                                   Eq (2) 

  

 

where, 

kLa = Volumetric mass transfer coefficient, 1/hr 

C∗
O2

 = Saturation concentration of oxygen, mg/L 

CO2
 = Concentration of oxygen, mg/L 

q𝑂2
 = Specific oxygen consumption rate, mg O2/g cell/hr 

x = Concentration of biomass, g cell/ L 

qo2. x = Oxygen uptake rate (OUR), mg O2/L/hr 

The objective of this study is to determine the specific oxygen uptake rate 

(SOUR) and evaluate the mass transfer coefficient (KLA) of oxygen transfer 

for different types of activated sludge treatment, namely conventional 

activated sludge, oxidation ditch and sequencing batch reactor. 

2. Materials and methods 

2.1 Sampling 

All activated sludge samples were collected at the aeration tank of 

three different municipal wastewater treatment plants that are using 

different treatment system namely activated sludge, oxidation ditch and 

sequencing batch reactor in Kuala Lumpur. 

2.2 Analysis 

All parameters for in-situ and ex-situ measurements such as pH, 

temperature, dissolved oxygen, mixed liquor suspended solids and volatile 

suspended solids were analysed according to APHA methods. 

2.3 Oxygen uptake rate measurement  
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Figure 1. Schematic diagram for oxygen uptake rate measurement. 

 

Oxygen uptake rate was evaluated by obtaining the slope from the 

reduction of dissolved oxygen against time. The sludge sample was filled 

in a 1-litre beaker containing a magnetic stir bar and placed on a magnetic 

stirrer. The beaker was filled with the sample and tightly sealed with 

parafilm tape to prevent contact with the surrounding atmosphere. In the 

beaker, air tubing that was connected to the air pump and inserted into 

the beaker to aerate the sample to desired dissolved oxygen 

concentrations. A temperature probe was also inserted into the beaker to 

observe the change of temperature with respect to time. When the sample 

was aerated, the air pump was switched on to supply oxygen. Once 

the DO concent rat ion reached 5.0 mg/L, the air pump was 

switched off and the magnetic stirrer was switched on. The experimental 

setup for oxygen uptake rate is shown in the Figure 1. Dissolved oxygen 

was recorded from 1 min to 15 min and all samples were tested in 

triplicate. 

3.  Result and discussion 

Measuring the specific oxygen uptake rate in the treatment system will 

indirectly measure the organic load at the inlet including the existence of 
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harmful matter that could potentially harm the treatment system. Three 

different municipal wastewater treatment namely conventional activated 

sludge (CAS), oxidation ditch (OD) and sequencing batch reactor (SBR) have 

been sampled and analyzed.  

Table 1 shows the data of SOUR and KLA in this study and the 

comparison with the range of the designed treatment system. In-situ analysis 

includes pH, DO and temperature were recorded at site. Results showed that 

the wastewater for all three locations are acidic, with pH reading of lower than 

7.0. It was observed that sequencing batch reactor treatment system has the 

lowest pH value of 5.82. Lower pH might due to the growth of filamentous 

bacteria in the system. 

Results also revealed that the SOUR for CAS, OD and SBR were 15.5, 

4.9 and 3.2 mg/g.hr, respectively. CAS yields the highest value reflecting that 

higher rate of microorganism respiration were needed in the treatment system. 

In this treatment system, the production of excess sludge is minimized by 

oxidation and extended retention time. However, it should be noted that the 

oxygen uptake rate is highly dependent on microbial activity. 

Table 1. Operating conditions for different types of municipal treatment 

system. 

 Unit Conventional 

activated sludge 

(CAS) 

Oxidation 

ditch (OD) 

Sequencing 

batch reactor 

(SBR) 

pH  6.57 6.61 5.82 

Temperature oC 29.4 29.3 28.6 

DO mg/L 0.8 0.8 0.7 

OUR mg/O2.L 13.764 10.074 9.528 

KLA hr-1 2.083 1.522 1.407 

MLSS mg/L 1238 2746 4128 

MLVSS mg/L 882 2028 2926 

SOUR mg/g.hr 15.506 4.967 3.275 

 

Table 2. Optimum range for specific oxygen uptake rate in this study and for 

different treatment plants (Geraldi 2002). 

Process Modification SOUR Range In this study 

Conventional 8-20 mg/h/g VSS 15.506 (CAS) 

Extended Aeration 3-12 mg/h/g VSS 4.967 (OD) 
3.275 (SBR) 
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Table 2 shows the optimum range for specific oxygen uptake rate for 

different treatment plants. It should be noted that in this study, the SOUR 

values for all treatment system falls within the optimum range. Hence, the rate 

of degradation in each of the treatment system was enough. 

 

           

Figure 2. Dissolved oxygen over time for sample collected from sequencing 

batch reactor. 

The OUR reflects on the quantity of oxygen which is used by 

microorganisms. This is done by observing the reduction of DO against time. 

Figure 2 shows the trend of dissolved oxygen collected from sequencing batch 

reactor which is the lowest among the treatment system. Some of the main 

factors resulting to reduction of dissolved oxygen are the increase in microbial 

activity, a higher organic loading, or a low MLSS or MLVSS. Lower 

temperature and higher MLSS or MLVSS concentration will also affecting the 

concentration of dissolved oxygen in water. 

4.  Conclusion 

The evaluation of specific oxygen uptake rate and the volumetric mass 

transfer coefficient of oxygen for three different wastewater treatment 

processes, namely conventional activated sludge, oxidation ditch and 

sequencing batch reactor treating municipal wastewater in Kuala Lumpur have 
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been carried out. In-situ and ex-situ measurement of pH, dissolved oxygen, 

temperature, MLSS and MLVSS were carried out. Results revealed that the 

OUR for SBR, OD and CAS were 9.582 mg O2/L/hr, 10.074 mg O2/L/hr and 

13.764 mg O2/L/hr, respectively. Low oxygen uptake rate indicates a low rate 

of microbial respiration. The conventional activated sludge shows the highest 

mass transfer coefficient and specific oxygen uptake rate of 2.038 hr-1 and 15.605 

mg O2/g MLVSS/hr, respectively. However, the value is within the acceptable 

range for the treatment system. Improving the oxygen transfer rate and 

reducing aeration in the system could achieve a cost-effective aeration system. 
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Abstract: Wastewater problem is increasing lately due to uncontrollable 

disposals from industries and poor wastewater management. Wastewater 

discharged from industries contains dyes, heavy metal compounds, oil, etc and 

these contaminants will contaminant drinking water.  Consuming water which 

is polluted by heavy metals such as copper, may result to human health 

problems, like anaemia, mental disorder, damages internally, nausea etc. The 

objective of this research is to study the effectiveness of copper, Cu (II) 

removal using organic adsorbent under the effect of varying pH and dosage of 

adsorbent. For this reason, watermelon rind was chosen as an organic 

adsorbent to remove Cu (II) from synthetic wastewater. Watermelon rind was 

chemically modified with hydrochloric acid to enhance the removal efficiency 

and the adsorption performance was compared with untreated organic 

adsorbent. It was found that the optimum pH for Cu (II) is 7. Adsorption 

equilibrium was described using Langmuir isotherm model and showed that 

the modified watermelon rind has a better loading capacity of metal ions 

compared to the unmodified watermelon rind. FTIR analysis shows that the 

peak shifts under carbonyl of unmodified watermelon rind differs from 

modified watermelon rind, due to the existing level of energy naturally in 

unmodified watermelon rind of copper to bind with carboxylic acid groups. 

The FESEM image study of modified watermelon rind shows that the 

structures are in irregular shapes and rough, tend to adsorb more due to higher 

porosity. Results show that the removal efficiency of modified watermelon 

rind was found to be higher (79.07%) as compared to raw watermelon rind 

(58.97%). It shows that acid modified watermelon rind has improved the 

removal efficiency of the adsorbent.  
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1. Introduction 

Wastewater is defined as waste discharged from multiple sources which 

is in a form of liquid. Wastewater management is very important to the nation 

in order to avoid water pollution which may create discomfort for the 

community and affects the domestic situation. South Africa is one of the 

countries that have encountered problems like high risk of waterborne diseases, 

insufficient of drinking water and contaminating available water source 

(Jonnalagada S.B. and Mhere G., 2001 and Das J. and Acharya B.C., 2003). 

Due to poor wastewater management and treatment, it is proven that poor 

wastewater management in a country can cause problems and it is a big 

challenge to control this global issue. To mitigate this, wastewater can be 

treated and reused as it benefits the environment and reduces the effects and 

impacts on environment. However, the cost of providing water for transport or 

to dispose waste water is too high and expensive. This can be reduced by 

treating the waste water, in various options. The treatment of waste water 

highly depends on the type of wastewater contaminants, such as heavy metals, 

waste products, microorganisms which causes problem to ecosystem (Tukura 

B.W. et al., 2009). Wastewater also contains certain type of materials, such as 

organic waste from human and food, wastes from industries, fats and oils, 

chemicals, metals and paint. All these types of materials contained in 

wastewater can cause severe health issues to human health. Heavy metals such 

as lead, zinc, copper, arsenic and many other heavy metals contained in 

wastewater and discharged from industry has caused some major pollution and 

environmental issues in India (Srivastara, 2006). To reduce this problem, 

various methods are used to remove heavy metals from waste water. Ion 

exchange, reverse osmosis, nano filtration, ultrafiltration, chemical 

precipitation, coagulation/flocculation, adsorption and many other several 

methods or techniques used to remove heavy metal and toxic contaminants 

from waste water (Fenglian and Qi W., 2011).  
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Among all methods, adsorption is one of the process that widely used in 

industry to treat wastewater. Adsorption is the suitable and frequently used 

method to remove heavy metal ions from many industry effluents (Gottipati 

and Mishra, 2012). It is used mostly because it has a lot of attributes and 

advantages compared to any other methods. The main advantage is, adsorption 

improves in heavy metal removal efficiency and it has reduced the cost by 

using low cost adsorbents. Some mainly used adsorbents for the process of 

adsorption is activated carbon industrial solid wastes and clay minerals 

(Wilson et al., 2006 and Wang et al., 2008). Adsorption removes both soluble 

and insoluble organic pollutants up to 99.9% (Ramos et al., 2002). Adsorbents 

can be either organic or inorganic. Organic adsorbents are like watermelon 

rind, orange peel, banana peel and many types of fruit peels has shown good 

adsorption capacity. This is advantageous as organic adsorbents are low in cost 

and not harmful throughout the process as compared to inorganic adsorbents. 

Out of all the organic adsorbents, studies have proven that the watermelon rind 

has a great capability of removing many pollutants like heavy metal and dye 

(Demirbas A. 2008 and Akpor O.B., 2011).  

Adsorbent can be modified or treated with many chemical reagents (Feng 

N et al., 2011, Khormaei M et al., 2007 and Gerola G.P et al., 2013). 

Chemically treated adsorbents resulted to remove heavy metals more 

effectively and has higher efficiency compared to the non-treated adsorbents 

(Yargic A.S et al., 2015). Thus, the purpose of this research is to study the 

effectiveness of watermelon rind as an organic adsorbent to treat copper in 

waste water. The used of watermelon rind as adsorbent has not been studied as 

extensively as other biosorbents. Parameters such as pH and adsorbent dosage 

were studied for this research. Besides, the Langmuir adsorption isotherm 

study was also conducted to compare the unmodified and modified adsorbent. 

2. Materials and methods 

2.1 List of materials 

Watermelon rind was collected from fruit stall in Kota Damansara, 

Selangor (Malaysia). Copper (II) nitrate was purchased from HmbG 
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Chemicals. The hydrochloric acid (37%) was purchased from Friendemann 

Schmidt and sodium hydroxide was purchased from R&M Chemicals. 

2.2 Preparing chemically modified adsorbent 

Watermelon rind was washed several times with distilled water to remove 

soluble impurities, and dried in an oven. Watermelon rind was dried in oven at 

temperature range from 600C to 700C (Koel B. et al., 2012, Ibrahim et al., 

2016). The watermelon rind was then converted into fine powder using 

mechanical grinder and sieved to get the adsorbent in the range of 150 to 300 

µm. Then, the adsorbent was left to dry overnight at room temperature and kept 

in air tight container. In order to build the capacity of the adsorbent to uptake 

adsorbate ions, the adsorbent was soaked in 0.1 M hydrochloric acid for 4 

hours (Lakshmipathy R. and Sarada N., 2015). The chemically modified 

adsorbent was then filtered and dried for 48 hours at 60 ºC until a constant 

weight was obtained and washed continuously with distilled water until a 

constant pH was obtained. 

2.3 Preparation of synthetic copper (ii) solution (adsorbate) 

Preparation of synthetic Cu (II) solutions was prepared by dissolving 

copper nitrate into distilled water (Peck L. K. and Jin F.T., 2018). Copper (II) 

solution was prepared by using copper (II) nitrate and distilled water. For 1000 

mg/l solution, 3.801g Cu (NO3)2.3H2O was dissolved in 1000 ml of distilled 

water (Koel B. et al., 2012). Copper (II) nitrate is the preferable material to use 

to prepare synthetic solutions of copper (II) for this research. 

2.4 Batch mode studies 

Solution of copper (II) was then added with 0.1M Hydrochloric Acid or 

0.1M Sodium Hydroxide. A pH meter (Mettler Toledo) was used to record the 

pH level and adjusted (Koel B. et al., 2012). The chemically treated and raw 

adsorbent was then mixed with adsorbate, and placed in an incubator shaker. 

Total of 20 g of sorbent was mixed with 1000 mg/l of heavy metal solution in 

and rotated it for 40 minutes. 1.5 g/l of sorbent was used into 20 ml of adsorbate 

and rotated it for 120 minutes in a speed of 50 rpm (Lakshmipathy R. and 

Sarada N., 2015). 0.001 g/ 50 ml of adsorbent was mixed with 50 ml of 
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adsorbate and rotated it with a speed of 150 rpm and last total of 210 minutes 

(Koel B. et al., 2012). For this research, dosage is a parameter that needs to be 

considered; hence the dosage of the adsorbent may be different and increase 

gradually. The adsorbent was mixed with adsorbates of various concentrations, 

while the time and speed of the rotational were constant for each dosages and 

experiment runs which were fixed at 120 rpm for 3 hours. 

2.5 Field emission scanning electron microscopy (FESEM) 

FESEM JSM-7800F Prime equipment was used to observe the surface 

structure of all bio sorbent synthesized, both treated and non-treated. The 

surface of the samples were examined and scanned under an electron beam 

while the screen showed the image on the data that was required. FESEM 

works with high energy range and the result of the image is in higher 

resolution. 

2.6 Fourier transform infrared spectroscopy (FTIS) 

FTIR Perkin Elmer Spectrum 100 equipment was used to identify the 

functional groups in raw material and chemically treated biosorbents. 1 mg of 

watermelon rind was mixed with 99 mg of potassium bromide and compressed 

for several minutes (Koel B. et al., 2012). 

2.7 Atomic absorption spectroscopy (AAS) 

AAS Agilent Technologies 200 Series AA equipment was used to 

determine the initial and final concentration of copper in the solution. The 

particles used had to be atomized before analysis. 

3. Results and discussion 

3.1 Effects of pH 

PH is one of the most important factor or parameters in adsorption process. 

Changes in the pH of the solutions would affect the metal ion sorption onto 

active sites of adsorbent due to the competitiveness which occurs between 

hydrogen ions and metal ions. The batch mode studies been conducted for 

copper (II) solutions from the range of pH values between 3 to 9 under different 



38 
 

dosages of adsorbent with an initial concentration of 10ppm, 0.25 liter of 

volume and 3 hours of rotation using incubator shaker at 120 rpm.  

Figure 1 shows the removal efficiency of copper (II) using unmodified 

watermelon rind, at pH 3, the removal efficiency is in the range of 10.77 % to 

46.11 %, compared to pH 5 and pH 7, where the removal efficiency has a 

higher ranges which are 16.23 % to 51.61 % and 27.39 % to 58.97 % 

respectively. However, at pH 9, the removal efficiency is slightly lower 

compared to pH 7, which are 25.11 % to 56.77 %.  

On the other hand, Figure 2 shows the removal efficiency of copper (II) 

using modified watermelon rind. At pH 3, the removal rate efficiency is in the 

range of 19.46 % to 54.77 %, compared to pH 5 and pH 7, where the removal 

efficiency has higher ranges which are 24.96 % to 64.17 % and 33.65 % to 

79.07 % respectively. Similarly with modified watermelon rind, at pH 9, the 

removal efficiency is slightly lower compared to pH 7, which are 28.77 % to 

74.82 %.  

From Figure 1 and 2, it shows that the removal efficiency of copper (II) 

using modified watermelon rind has a higher rate of removal compared to 

unmodified watermelon rind. The highest removal efficiency of copper (II) 

using unmodified watermelon rind is at pH 7, 58.97 %, whereby the highest 

removal efficiency of copper (II) using modified watermelon rind is at pH 7 

also, 79.07 %. This is because further increase in pH to pH 9 would result in 

precipitation from copper (II) to copper (OH)2. The results obtained are 

comparable with the works from Koel B. et al. (2012). The authors found that 

the optimum pH for copper (II) sorption by watermelon rind is pH 8. The 

difference of the optimum pH is due to the used of unmodified watermelon 

rind in their study.  

Inversely, William J. and Wilfred L. (2018) reported that if the pH of the 

solution contained is fewer than 5.9, the surface of the watermelon rind will 

have high amount of positive charges of density, so it prevents from up taking 

copper (II) or the removal rate may be low. Similar to the works published by 

Koel B. et al. (2012), an increase in the level of the pH may influence the 

negatively charged surface of the watermelon rind to adsorb copper (II) ions. 
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The optimum level of the pH was reported to be at 7.8 and anything beyond 

that, the removal capacity of copper (II) by watermelon rind started to drop.  

3.2 Effects of adsorbent dosage 

The experiment was also conducted using different adsorbent dosages at 

fixed conditions such as the initial concentration of 10 ppm, contact time of 3 

hours and volume of the solution is 250 ml. The dosages differ in the range of 

3, 7 and 9 grams. The results showed that the removal efficiency of copper (II) 

is the high at increasing dosage which is 9 grams compared to 7 grams and 3 

grams. This is because an increase in the adsorbent dosage would increase the 

available active surface areas to absorb heavy metal ions Hence, it is expected 

that drastic increase have been observed in removal efficiency as the dosage 

increases. This effect of adsorbent dosage applies for both modified and 

unmodified watermelon rind batch mode studies. Figure 1 shows the removal 

efficiency of copper (II) using unmodified watermelon rind, the removal 

efficiency in 3 grams is lower than 9 grams at optimum pH of 7, which are 

27.39 % and 58.97 % respectively. On the other hand, Figure 2 shows the 

removal efficiency of copper (II) using modified watermelon rind, the removal 

efficiency in 3 grams is lower than 9 grams at optimum pH of 7, which are 

33.65 % and 79.07 %. In accordance to Koel B. et al., (2012), the maximum 

removal rate was recorded at the dosage of 0.002 g/l and the removal efficiency 

was recorded at 84 %. According to his investigation, the removal rate of 

copper (II) increases as the dosage of the watermelon rind increased, due to the 

amount of active areas to bind, however, the author also stated that after certain 

amount of dosage increased, the change in final concentration of the solution 

were little, was because of the amount and concentration of watermelon rind 

were more and tend to block the active areas from binding.  
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Figure 1. Removal efficiency of copper (ii) using unmodified adsorbent 

 

Figure 2. Removal efficiency of copper (ii) using modified adsorbent 

   3.3 Effect of copper (ii) concentration on adsorption isotherm 

The experiment was then conducted to determine the maximum loading 

capacity of copper (II) concentration in solution and to identify the sorption 

equilibrium. Initial concentration varies from 10ppm, 20ppm and 30ppm, with 

other fixed conditions such as the volume of the solution is 250 ml, 1 hour of 

contact time at 120 rpm in incubator shaker, pH of 5 and 10 grams of adsorbent. 

This study was tested for both modified and unmodified watermelon rind. The 

adsorption data had been fitted to a Langmuir isotherm model. This model was 

selected as it had been proven by many other researchers’ that this model of 

isotherm fits the best compared to Freundlich and Temkin. The Langmuir 
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model is able to explain the relationship between loading capacity of metal and 

heavy metal ion concentration at equilibrium state.  

Based on this part of study, the Langmuir isotherm model showed that the 

modified watermelon rind has a better loading capacity of metal ions compared 

to the unmodified watermelon rind. Soaking of raw watermelon rind in HCl 

for 24 hours had increased the sorption capacity of copper (II) ions by 

activating the attributes of absorbing mainly because of desorption of alkaline 

metals and electronegativity. Figure 3 shows the Langmuir isotherm model 

for unmodified watermelon rind, the regression value, R2 is 0.9934, which 

means the data fits into Langmuir isotherm model and shows that the 

watermelon rind usage as an adsorbent is suitable for copper (II) ions removal. 

Figure 4 shows the Langmuir isotherm model for modified watermelon rind, 

the regression value, R2 is 0.9922, which means the data fits into Langmuir 

isotherm model and also shows that the modified watermelon rind usage as an 

adsorbent is suitable for copper (II) ions removal. In accordance to Koel B. et 

al. (2012), the regression value for his investigation was recorded at 0.9859, 

and it showed that the data fits the Langmuir isotherm model and watermelon 

rind is good to adsorb copper (II) ions. William J. and Wilfred L. (2018) 

reported that the regression value of 0.87 suits well in Langmuir isotherm 

model and showed that watermelon rind is suitable for copper (II) ions 

removal.  
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Figure 3. Langmuir isotherm model for unmodified adsorbent 

 

Figure 4. Langmuir isotherm model for modified adsorbent 

3.4 Fourier transform infrared spectroscopy (FTIS) 

Fourier Transform Infrared Spectroscopy (FTIS) analysis is used to 

determine the features of functional groups of chemically treated and non-

treated watermelon rind. Referring to the spectra of Figure 5, the first peak of 

the unmodified watermelon rind and modified watermelon rind is recorded at 

3326.66 cm-1 and 3369.12 cm-1, respectively, which relates to –OH stretching 

vibrations of the cellulose. The next peak for both unmodified and modified 

watermelon rind was recorded at 1602.27 cm-1 and 1647.46 cm-1, respectively, 

which relates to –C=O stretching of the carboxylic acids. The –COO- 

asymmetric vibrations of ionic carboxylic groups are found when the third 

peak and the fourth peak for both unmodified and modified watermelon rind 

were recorded. The difference occurred in wavelength numbers in spectra for 

unmodified and modified watermelon rind is because of the desorb process that 

took part naturally in desorbing copper ions while the protons were added to 

the available active sites. The shifts in wavelength numbers for modified 

watermelon rind have shown that the acidic groups a higher capability to 

adsorb heavy metals. The peak shifts under carbonyl of unmodified 
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watermelon rind differs from modified watermelon rind, due to the existing 

level of energy naturally in unmodified watermelon rind of copper to bind with 

carboxylic acid groups. In accordance to Lakshmipathyand Sarada (2015), the 

FTIR analysis were made for raw watermelon rind, modified watermelon rind 

using hydrochloric Acid, lead loaded with modified watermelon rind and 

copper loaded with modified watermelon rind. The results of wave numbers 

recorded by the researchers are almost similar to this study.  

Figure 5. FTIS spectra of a) modified and b) unmodified adsorbents 

3.5 Field emission scanning electron microscope (FESEM) 

In this characterization study, both unmodified and modified watermelon rind 

was examined and characterized. Observation was made on the upgraded 

capability of the adsorption implementation of removing copper (II) ions. Main 

observation made is on the modified watermelon rind to investigate the specific 

transformation on the formed surface. Figure 6 (a) – (d) shows the FESEM 

images of unmodified watermelon rind. Figure 7 (a) – (d) shows the FESEM 

images of modified watermelon rind. 
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Figure 6. FESEM images of unmodified adsorbents 
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(c) x 5000 

 
                      (d) x 10000 

 

Figure 7. FESEM images of modified adsorbents 

In comparison of Figure 6 and Figure 7, the image shows that there are 

clear transformations and adjustments on the surfaces. On the surfaces of 

unmodified watermelon rind, it is observed that the fibers found are fine and 

smooth. On the other hand, the image of modified watermelon rind as shown 

in Figure 7, it is observed that the surface of the structures are in irregular 

shapes and rough The irregular surface structure for the modified watermelon 

rind enables a better adsorption capacity, due to the high porosity level formed 

and an increase in surface area for binding which leads to a higher level of 

capacity to adsorb heavy metal, copper (II) ions for this study compared to 

unmodified watermelon rind. In accordance to Peck L.K. and Jin F.T. (2018), 

the chemically treated watermelon rind with citric acid and sulphuric acid has 

more porosity level and has a larger surface area compared to raw watermelon 

rind. Ibrahim et al. (2016) reported that the improved surface area and porosity 

level of watermelon rind after chemically treated is because of mortification of 

the lignin and hemicellulose components in watermelon rind. 

4. Conclusion 

As a conclusion, this study of adsorption of copper (II) ions using raw 

organic adsorbent and chemically treated organic adsorbent using hydrochloric 

acid, which the organic adsorbent is the watermelon rind, has proven as a good 

adsorbent to remove copper (II) ions. The optimum pH is recorded at pH of 7 

and the optimum dosage of adsorbent is recorded at 9 grams of adsorbent. 

Adsorption isotherm model for this study has fitted into Langmuir isotherm 
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model, shows that the watermelon rind is a good adsorbent and suitable 

adsorbent for adsorption usages, particularly for adsorbing copper (II) ions. As 

the regression values obtained for both modified and unmodified watermelon 

rind is 0.9922 and 0.9934, respectively. FTIR characterization has confirmed 

that the modification of watermelon rind and raw watermelon rind has certain 

types of functional groups, which can uptake metal ions; it was observed from 

the spectra of the wave numbers for the samples prepared. FESEM analysis 

has shown the adsorbent image before and after being chemically treated, the 

modified watermelon rind has more porosity level and has a bigger surface 

area to bind. 
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Abstract: Affordable housing is a program that introduced by the government 

to improve housing affordability which ensure every income earner group 

could afford houses, especially for low-income households. Affordable 

sustainable housing project has no clear definition so far but the concept of 

needs, which seeks to ensure that the essential needs of the poor are adequately 

met; and the need for addressing every limitation arising from the use of 

technology and activities of social elements affecting the environment’s ability 

to meet the present and future needs, may to consider to define as general idea. 

This paper its to discuss the barrier factor on delivering affordable housing 

project. By using the latest 10 years of publication for extensive literature 

review methodology and a questionnaire generated from the literature review 

further sending to 50 respondents who experienced PR1MA project which this 

perhaps may contribute in enhancing the existing knowledge. 
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1.  Introduction 

There are different types of housing offered in the market but not all of 

them are affordable by everyone. Researchers had defined affordability in 

general as the relationship between household expenditure and income earned. 

However, there are argument saying that affordability is not only influenced 

by that, but also by the levels and distribution of house process, structure of 

financing cost, housing availability, employment, maintenance of the existing 

affordable housing stock and patterns of new construction (Nor Hanizan Sahib, 

2015; Wilcox, 2003; Ludwig et al, 2002; Bramley, 1994).  

Affordable housing is a program that introduced by the government to 

improve housing affordability which ensure every income earner group could 

afford houses, especially for low-income households (Xiaolong Gan et al, 

2017; M.S. Suhaida et al, 2011; Azevedo et al, 2010). According to Nor 

Hanizan Sahib (2015), houses which having housing loans exceeding 

30percent of monthly gross household income will not be counted as 

affordable housing as it will affect other basic needs of the owner. Other than 

the financial affordability, the location, quality and build-up of a house should 

be sufficient in order to entitled affordable housing (Cheah Su Ling et al, 

2017). 

Malaysia government had implemented several affordable housing 

programme such as Program Bantuan Rumah (PBR) and Perumahan Rakyat 

1Malaysia (PR1MA) for low- and middle- income households to cope with the 

problem of mismatch between supply and demand of housing due to 

socioeconomic change, urbanization and evolving population structures (Nor 

Baizura Jamaluddin et al, 2016). However according to Cheah Su Ling (2017) 

Malaysia still facing shortage of affordable homes for the masses. Hence, it is 

important to have more affordable housing constructed in Malaysia. 
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2.  Affordable housing 

A house is a home, building or structure that functions as a habitat for 

humans or other creatures. The term house includes many kinds of dwellings 

ranging from rudimentary huts of nomadic tribes to complex structures 

composed of many systems. Apart from affordable, the aspect of comfortable 

in is also important. According to Hamidah Ramlan et al. (2016), the definition 

on affordable housing is generally involved in the ability of a household to get 

the housing services, while specifically it involves the correlation between 

household income and the price or payment. Largely, the Malaysia’s 

accommodation procedure has a principal of aim of realizing all nations, 

mainly the low-income group (LIG), are definite admission satisfactory and 

unrestricted admission to a reasonable accommodation requirement. 

According to Hamidah Ramlan et al. (2016), it is hoped that they seek out the 

country for a feasible and sustainable being settlement can be achieved 

throughout a suitable and well deliberate accommodation condition.  

The Brundtland report defines SD as ‘‘development that meets the needs 

of the present without compromising the ability of future generations to meet 

their own needs” (United Nations, 1987). The two key common concepts 

contain in the above two SD definitions are: the concept of needs, which seeks 

to ensure that the essential needs of the poor are adequately met; and the need 

for addressing every limitation arising from the use of technology and activities 

of social elements affecting the environment’s ability to meet the present and 

future needs. 

Based on the aforementioned two concepts, which are affordable and 

sustainable housing, it should adequately meet housing needs of the vulnerable 

households on a continuous basis, and at the same time consider the 

environmental limitations while meeting such needs both in the present and 

future in relation to the affordable techniques and sustainable components 

(Akanbi Olusayo Oyebanji et al., 2017). However, sustainability issues are 

bound to arise where appropriate measures are not adequately and properly 

linked together in affordable housing delivery. Therefore, clearance on 

defining affordable sustainable housing project truly much appreciated to make 
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these two concept well deliver to the public as well as to the construction 

players the parties who deliver these concepts.  

Previous authors state that houses will be consider affordable only when 

the financing of home ownership which included utilities fee, maintenance fee, 

taxes and insurance is less than 30% of the monthly gross household income. 

When the amount of house cost more than 30%, the house will not be 

considered as affordable housing as it will affect the other 70% of income 

which initially being allocate for the use of basic needs such as food, clothing, 

vehicles, medical financing, education, cultural needs, and even leisure time 

and entertainment (Nor Hanizan Sahib, 2015; B Bakhtyar et al, 2013; Barclay, 

E. and Betker, D, 2004; Anderson, M.L., et al, 2003).  

However, some author mentions that affordable housing is the relationship 

between housing and people. According to Wallbaum H, et al (2011), a range 

between 15 to 30 years will be given for client to obtain affordable houses. The 

affordability is depends on the ability and desire of client to own or buy houses. 

For certain client, all house is consider affordable for them; however for certain 

client, no housing is affordable unless it is free (Adel El Menshawy et al, 2016; 

A.M.J. Esruq-Labin, 2014; Abed, 2012; Yang, Z, and Shen, Y, 2008; Stoned, 

2006, p.153).  

According to Cheah Su Ling (2017), other than financial affordability, 

affordable housing is houses that sufficient in quality and location. Affordable 

housing is also a concept, which use to explain socioeconomic and 

development environments. It was aim to make sure that every income-earner 

cluster could afford the houses provided (A.M.J.Esruq-Labin, 2014). Table 1 

summarizes the definition of Affordable Housing cited from previous 

researches.  

Table 1. Definition of affordable housing from previous authors  

No. Definition Author, Year 

1 Affordable housing is defined 

as housing which is sufficient 

in quality and location, and is 

not so costly that it prevents 
its occupants from satisfying 

other basic living needs. 

Cheah Su Ling, 2017 
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2 Affordable housing can be 
defined as "it is a relationship 

between housing and people. 

For some people, all housing 
is affordable, no matter how 

expensive it is; for others, no 

housing is affordable unless it 

is free" 

Adel El Menshawy et al, 2016; Abed, 
2012; Stoned, 

2006, P.153 

 

3 Affordable housing also 

meant as the financing of 

home ownership does not 
exceed 30 percent of monthly 

gross household income. 

Nor Hanizan Sahid, 2015 

4 Affordable housing is a 

concept which is used to 

explain socioeconomic and 

development environments, 
which aims to confirm if 

housing provided for families 

can be afforded by each 

income-earner cluster, that is, 
low, middle, or high income-

earner cluster. 

A.M.J.Esruq-Labin, 2014 

5 Affordable housing is a 

feature of housing facilities 

which is related to customer 

ability and the desire to own 
or buy houses 

A.M.J.Esruq-Labin, 2014; Yang, Z, and 

Shen, Y, 2008 

6 The housing costs that 
consume less than 30% of a 

household’s budget is an 

affordable house 

B Bakhtyar,2013 ;HUD, U.S. 
Department of Housing and Urban 

Development, 2008 

7 Affordable housing can be 

defined as a house that a 
family group can acquire 

within a given period, which 

generally ranges from 15 to 

30 years 

Wallbaum H, Ostermeyer Y. Salzer C and 

Escamilla E Z, 2011. 

                                         

 

3.  The barrier factors of affordable housing 

Land is one of the most frustrating factors in delivering affordable housing 

project as it represents the significant proportion of the total cost of the project 

in order to make the housing development a sustainable affordable 

development project. The development of affordable housing is very scarce as 
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the supply of land is very limited and there are many other facilities to be 

provided to make ease of daily routines of people to complete their daily 

needs.it makes it more difficult for the government to lease out lands to 

developer for affordable housing schemes because of the sub-urban lifestyle 

which changes from time to time following the utmost technology to serve the 

people (Tan, T. H et al, 2013). Besides land supply the cost of land to be 

obtained to accordance of providing affordable housing scheme is high which 

effect the value of the house where the location, services and amenities, public 

transport, health facilities are being the utmost factor which affects the price 

of the houses. 

Affordable housing is defined as being able to buy the property and 

consumption. Affordable housing schemes exists to make good quality 

housing affordable for everyone, and this is ultimately why governments 

(local, state and federal) are involved in the housing system. There is a gap 

between the sale price of housing and the actual cost of building housing which 

mostly were to be sold at the construction cost (Tan, T. H et al, 2013). The key 

which refers the pricing of the property would change dramatically within a 

certain period of time because of the community which are proximity to a good 

school, jobs, amenities, parks and also open spaces which leads to a urban 

lifestyle which is preferred by most of the youngsters. 

As a result, making housing affordable is a concern for inner-city residents 

who live near plentiful city jobs. This diversity requires cities and regions to 

take a hard look at their social and economic structure in order to respond 

sensibly to their unique situations. The disparity between urban residents in 

need of employment and suburban employers in need of employees can be 

bridged in two ways by helping people get to and from their jobs and helping 

them get closer to where they live. Besides an improvement on transportation 

to their workplace or way back home should be essential to connect both urban 

and sub-urban residents areas so that it would be another helpful deed and 

supportive on the land segregation and helping the value of affordable housing 

(Tan, T. H et al, 2013). 

Although machineries, equipment labour are the main component of the 

construction cost, it is believed that materials used is construction are the most 



55 
 

key player in regulating the cost of the building and plays a huge role in 

construction sector to predict the cost of the completed building. According to 

Tan, T. H. et al,. (2013), Materials are meant as in raw materials such as 

cement, sand, steel, reinforced steel, aggregate and also many other materials 

which are involved in construction industry are being very prone to be into 

situations where the price of those materials infatuate defer to time. The rate 

of materials are being hard to described which make the end off product being 

expensive and unaffordable for buyers.  

The problem of housing and growing urban population, especially the 

poor, is becoming more and more important in urban areas where the rapid 

increase of urban population due to high population growth and significant 

rural-urban migration has exacerbated the housing situation. Land availability 

hits the barrier of developing affordable houses are land supply. Developers 

are delivering on the housing capital market and demanding serviced land from 

the government. Any factor that increases the supply of serviced land will also 

increase the supply of housing capital and eventually decrease the prices of 

housing. According to Tan, T. H. et al,. (2013), there seems to be a connection 

between the supply of land and the price of housing. Foremost, planning makes 

the entire context less uncertain in which development takes place. Uncertainty 

over future property prices makes the decision to develop the land relatively 

less attractive at the present time. Land use planning significantly reduces the 

degree of uncertainty about both the shape and level of development that will 

be appropriate and acceptable. According to Tan, T. H. et al,. (2013), expressed 

that reducing demand and reducing the price of land for development are the 

most sustainable way to develop affordable housing. 

Besides that, Susilawati (2015), digested the fact that the allocation and 

implementation of infra work cost should be cost efficient where it is related 

between the housing energy and water efficiency where the housing size and 

housing sustainability be more considerate to achieve the sustainable 

affordable housing. İt becomes a barrier in developing affordable housing by 

the developer if they have no other resources or skills to kill the barrier and 

lead the development to an affordable housing development. This differ to the 
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Lack of Strategic Infrastructure Development of the developer which affects 

the rate of the purchasing of home.  

Land use planning should also play a major role in affecting the land 

availability where most of the land are not being used appropriately and the 

infrastructures are bad. Bad infrastructures of land may affect drastically in 

land availability as the government would be unable to provide land for 

affordable housing development. The increased demand on housing which 

most probably the cause of over population is being affected. Thus, from table 

2.3, land availability and land prices are being the most supported barriers from 

most of the researches which is literally true. Undeniable fact that the 

demographic statistic shows that there are almost 32.63 million population in 

the third quarter 2019 according to the Department of Statistics Malaysia, 

Official Portal which could be narrowed as over population as well where it 

effects on providing land for a low rate by the government. According to 

Fatimah Yusof (2012), land on its use should be adequately used so that the 

planning control system would be efficient to provide more land for affordable 

housing developments. Table 2 below summarize a numbers of barriers factors 

that are tangles into the development of Affordable Housing. 

Lastly, Certain land use controls have an effect on housing available at 

prices that are affordable to the average person or increase shelter costs without 

compensating for public purposes, resulting in large-scale zoning practices 

which affects the development regulation. At some phases minimum lot sizes 

are encouraging a larger and more expensive home which in some 

development the regulation has raised the cost of new development to 35% 

which would affect the affordable housing schemes. The rents are ranting up 

to 17% because of the development of the areas where it should be controlled 

so that developers and the government could vent up more affordable housing 

schemes for the consumers (Tan, T. H et al, 2013
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Table 2. Barriers that are tangles the development of affordable housing 
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       Authors 

1 Land Price   /    /  / / / 5 

2 Effect on Economic Downturn /      /  /     3 

3 Land Availability /  /  /      / / 5 

4 Increasing House Prices /   / /   / 4 

5 Lack of Private Finances / /   /  / /   5 

6 Failure to Bring Land Allocated to 

Market  

 /   /  /  /   

4 

7 Lack of Strategic Infrastructure 

development  
/ 

       /   
/ 3 

8 Local Resident Opposition   /         1 

9 Political opposition to new 

development   
/   / / / 4 

10 Conflicts with Other Policies 
  /       1 

11 Effects of Second-Home Ownership 
 / /    / /  /  / 6 

12 Availability of Developers (Private) 
    /  /     2 

13 Development Control Practices  
 /  / /    /    / 5 

14 Lack of Co-ordination of Planning 
       /   /  / 3 

15 Lack of Strategic Infrastructure 

Development  / 
  

 / 
 /  / / 

  
5 

16 Restrictive Planning Policies 
 /  /   / / / / 6 

17 Lack of Detailed Knowledge Amongst 

Officer   / 
 / 

  
 /  / / / 6 

18 Attitudes of Developer  
 /         /   2 

19 Problem with Acceptable Cost 

Guidance    /    /    / 
/ 4 

20 
Construction Material Cost  /          / / 3 

 

4.  Analysis and findings 

Figure 1 show the different year of source referred. 28 journals had been 

used as references while producing this paper. 
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Figure1. Journal referred 

50 structured questionnaires been send to 50 respondents who having 

experienced dealing with PR1MA project as this project fall in affordable 

housing type of project. 

According to the questionnaires provided, the reading of the questionnaire 

has been concluded into Figure. 2 and thus resulting the results of barriers that 

are involved in delivering affordable housing. The level of agreement in the 

table below shows that the land price of the current economics are being the 

barrier for contractors to get involved in developing affordable housing 

projects. 
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Figure 2. Barriers in delivering affordable housing 

 

 

5.  Conclusion 

Affordable housing is prior to the land availability supply of the country. 

Thus, the government should have more initiative in providing land to useful 

development and relay the outside investors to develop their development in 

an adequate location not in the strategic areas of potential development for 

affordable housing. 
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Financial support differs allot to the development of affordable housing 

development. Thus, the government should encourage not only local investors 

but also encourage outside investors to invest on affordable housing by 

tightening the legal procedures on investing on other development. By 

initiating this method, most of the investors would voluntarily invest on 

affordable housing development. 

Government should also keep track on ongoing projects to make sure the 

quality of the affordable housing development is up to standards and quality 

meets a regulation. Therefore, setting up a total new set of condition for 

affordable housing development. For instance, most of the development of 

affordable housing are near to High Tension Cable which could affect the 

health of houseowners whom are living for a long time. The government 

should adequate living qualities as well. 

Developers should come up with more innovative design that could cut 

down construction cost rather than depending wholly on contribution of the 

government. Implications of new innovation to construction industry will 

emphasize not only on cost reduction but also hike up the potential of quality 

development and reducing time of construction.   
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